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Fig: 1 Image source: US initiative Feed the Future- Agrilinks.org 
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Never in our lives we have imagined a situation like this, where we would be locked in our own homes with such 

uncertainty of when there will be a full stop to this. With so much of people losing their lives daily to this deadly and 

pandemic declared Coronavirus, which in itself is one of its kind and hence termed or labelled as novel. In a country 

like India, there are multiple facets of the same, at one side the privileged ones get the food and good nutrition but 

on the other there’s a huge population who are very much devoid of curbing their hunger, let go of good nutritious 

food alone. Farmers, the people involved in the food value chain and the frontline ones are not only our caretakers, 

they are also guardians of our natural resources like farm, food, water and biodiversity, they are, in addition, the main 

innovators. As for farmers, since the beginning of agriculture, they have had to change, adapt and create new ways 

of working the land, dealing with crisis, difficult terrains and of enduring extreme climates and weather phenomena. 

Same goes with all the healthcare people and the ones who all falls in the lower strata in terms of poverty.  

In the midst of the #COVID19 lockdown, there has been increasing debate on what is the role played by different 

information, communication and technological advances in food, agriculture and nutrition. With the increasing 

concern international bodies like Food and Agriculture Organisation (FAO), Rome and United States Food and Drug 

Administration (USFDA), Maryland are taking immediate measures and actions to maintain the supply chain by tracing 

hurdle nodes and strengthening the value chains to protect ongoing humanitarian operations and safeguard lives and 

livelihoods throughout the world. To stress more upon this emergency situation a joint statement made by the heads 

of FAO, World Health Organization (WHO) and World Trade Organization (WTO) on the importance of mitigating the 

impacts of the pandemic on global food security says “every effort must be made in all key areas to ensure that trade 

flows as freely as possible for all primary segments”.  For the same, FAO stated that “countries need to support 

smallholder farmers, food suppliers and bring more nutrition policy makers to meet the immediate food needs of 

already vulnerable populations”.  

ICT in food, agriculture and nutrition are the few important key areas of the supply chains of India, which needs to be 

focused and strengthened more. 

According to FAO, these are the possible impact of #COVID19 on food supply chains on which ICT based interventions 

are needed to be emphasized for immediate actions: 

1. Shortages of labour to produce and process food. 

2. Increasing struggle of farmers to access markets. 

3. Transport restrictions blocking food deliveries. 

4. Decreased supply of perishable commodities. 

Taking an example of the COVID-19 outbreak on the overall ICT market growth (Refer Fig: 2) it has been predicted and 

presented by International Data Corporation (IDC) that this outbreak will have a greater impact on China’s primary ICT 

market compared to the Chinese economy. In similar fashion it can be priorly sensed that for a country like us also, 

there will definitely be few negative impacts to the agriculture, nutrition, food retail, transportation and services 

during and after this pandemic settles down. 
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Fig: 2 Source International Data Corporation- Featured article 

In Agriculture, Food and Nutrition various ICTs can play a very important role in combating the during and post 

COVID19 effects, which is the need of hour, Following are the different ways to overcome the adverse effects caused 

by COVID19. 

Role of ICT in Agriculture  
1. Increasing reachability of the government advisories, schemes and subsidised plans related to farmers, agriculture, 

food processing and immediate policy updates by using different networks formed by different bodies like: Indian 

Council of agricultural Research (ICAR), State Agricultural Universities (SAUs), Allied sectors, NGOs and private sectors 

in the field of extension services. 

2. By deputing more people trained in development and usage of ICT services to overcome shortages of labour to 

produce and process food, by providing a livelihood to those who do not own a piece of land. 

3. By making use of apps that combines the latest advances in information, communication and satellite technologies 

into a unified monitoring and early warning system. Which can contribute significantly to a decline in the duration, 

severity and frequency of devastating the crops during the present crisis.  

Role of ICT in Food Supply Chain 
1. Advisories related to washing, cooking and storage of food can be released and emphasized through ICT based 

mediated systems. 

2. Releasing different methods for making best used of little deformed but usable raw materials for e.g.: processing 

culled fruits and vegetables for food processing. 
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3. Since there is a huge decline on meat, poultry and marine food consumption, awareness can be made through 

mobiles, apps, websites and news channels that proper washing and  cooking is what is required rather than complete 

exclusion of non-vegetarian sources, as in this way this particular sector is already going through a dark tunnel. 

4. By strengthening the role of mobile apps and other tracing services in food supply chain logistics management and 

cold chain applications.  

Role of ICT in Nutrition 
1. People like low wage workers, migrants, immunity compromised, infants, children, pregnant women, geriatrics and 

elderly should be kept in priority and communications should be made by using ICT based services to keep their health 

and nutritional profile in check. 

2. Health Promotion using Interactive Health Communication tools by the use of interactive technology to provide 

access to or transmission of health information between consumers, health professionals, caregivers or between 

consumers and the computer-interface, in order to enable individuals to increase control over, and improve their 

health’. 

3. ICT can play an important role in providing interactive, individual tailored nutrition communication to the frontline 

people who are helping to fight this virus. ICT media can supplement face-to-face interaction with electronically 

mediated ones and lead to lower costs for nutrition interventions. In combination with the increasing demand of 

consumers to take responsibility for their own health, these are synergistic forces that promote nutrition 

communication in an information age health-care system. 

The potential effectiveness of ICT through the Internet is promising in terms of addressing personal relevance, 

flexibility, interactive options and amount of people that can be reached in the present scenario. However, more effort 

is needed for an impactful change. To create a supportive environment, collaboration of relevant stakeholders is 

essential. The growing burden of patients due to coronavirus have increased and majority of deceased cases are found 

to have medical conditions like obesity, diabetes, cardiovascular and malignant diseases. All these factors should be 

considered for having a large impact on all members of society on the individual and collective level. The urgency to 

develop effective ICT interventions to change nutrition behaviour is very high.  
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Introduction 
On December 31st, 2019, the first case of Covid-19 was reported in Wuhan, China (WHO, 2020). Today, whole world is 

well aware with this contagious disease covid-19, which is caused by novel coronavirus (nCov). Covid-19 is spreading 

rapidly throughout the world and the developing countries are also under the grip of this pandemic. India is also not 

untouched with this. In India, the first case of infection of novel coronavirus was reported on January 30th, 2020. 

Since, the spread of this pandemic was not found much severe till March 3rd, 2020, therefore, government had choice 

either to save lives or livelihoods. They chose lives as balanced approach did not seem as an alternative because of 

infectious nature of virus.  

India has imposed early lockdown of 21-day from March 25th to limit the spread of virus. All non-essential services and 

businesses, including retail establishments, educational institutions, and places of religious worship, public utilities 

and government offices across the country will stay closed during this period and all means of travel have been 

stopped. This is by far the most far-reaching measure undertaken by any government in response to the pandemic 

(Dev, 2020). The number of confirmed cases is rising rapidly in the country as shown in Figure 1. Till April 27th, 2020 

the numbers of confirmed cases become 27892 (WHO, 2020). After observing the benefit of lockdown and outbreak 

of disease, government has decided to extend the lockdown till May, 3rd.  

This measure may help in limiting health crisis but create economic crisis due to shutdown of economic activities. 

Millions of jobs and livelihoods are at risk. More than 50 million migrant workers have either returned to their native 

villages or are staying at camps inside the cities because state borders have been sealed. Transportation of raw 

materials and finished goods across states is also severely constrained. Countries have closed national borders and 

stopped international trade and commerce. All these are severely disrupting supply mechanisms and distribution 

chains in almost all sectors. At the same time, there has been a complete collapse of consumption demand as millions 

of people stay home and postpone their non-essential expenditures. The economic shock will be severe for India due 

to two reasons. 

First, the economy was already slowing down before the outbreak of covid-19. Second, India’s informal sector is highly 

vulnerable (Dev, 2020). The pandemic also hits agricultural activities and food supply chains (FSCs) in the developing 

countries (Thomas Reardon, 2020). 
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Source: World Health Organization 

Figure 1: Per Day COVID-19 Cases in India 

Impact on Agriculture and Food Supply Chains (FSCs) 
In India, agricultural production system is labour intensive. Due to outbreak of pandemic, adoption of quarantine 

measures and self-isolation hamper crop management and ultimately curb harvesting. It badly affects domestic food 

supplies in the country. Movement restriction limits the food supply from production point to consumption point. Vast 

amount of foods is getting wasted due to supply disruption. This leads to massive loss to Indian farmers. Milk sales 

are also adversely affected by lockdown as hotels, restaurants, sweet shops and tea stalls are closed. 

Migrants were suffered more during lockdown period. There is decline in their income and purchasing power due to 

movement restrictions. These factors would fan the flames of food insecurity among poor people. Labour shortages 

are impacting logistics and loss of jobs and income has impacted people’s ability to afford food. Thus, this pandemic 

has created double problem of supply and demand sides as it disrupted the food and agricultural supply chains 

(Lakshman, 2020). 

Poor people depend on many public sector programs on food, nutrition, health and poverty. For example; mid-day 

meal in schools, MNREGA are the largest safety net of the country. Covid-19 disrupts these government programs 

(Swinnen, 2020). It may cause major food crisis for poor people. To avoid this crisis, government needs to make 

policies and programs that will help in addressing the negative impact of pandemic covid-19. 

Initiatives Taken to Minimize the Negative Impact of Covid-19 
1. Guidelines for Prevention of Covid 19 (Corona) spread during Crop Harvesting and Threshing: Various guidelines 

are issued by department of agriculture, cooperation & farmers’ welfare for crop harvesting and threshing during 
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Kharif -2020 like; Harvesting of crops should be done through mechanized harvesters as far as possible to involve less 

farm workers in the field. During harvesting, social distancing has to be compulsorily maintained. A person to person 

distance of at least 1-2 meters must be maintained while harvesting the crop, eating meals or otherwise etc. 

2. Cash transfers: Unemployed informal workers need cash income support. The government has provided Rs. 500 

($6.60) per month to the bank accounts of 200 million women via the Jan Dhan financial inclusion program. 

3. Kisan Rath Mobile APP: Agriculture ministry has launched a kisan rath mobile application to avoid disruption in 

agriculture supply chains, especially for perishable produce, which will connect farmers and traders to a network of 

more than 5 lakh trucks and 20000 tractors. These vehicles include primary transport from the farm to the mandis, 

local warehouses or the collection centres of farmer producer organizations as well as secondary transport from local 

mandis to intra and inter-state mandis, processing units, railway stations, warehouses and wholesalers.  

4. e-NAM: The Union Minister of Agriculture & Farmers’ Welfare, has launched new features of National Agriculture 

Market (e-NAM) Platform   to strengthen agriculture marketing by farmers which will reduce their need to physically 

come to  wholesale mandis  for selling  their harvested produce, at a time when there is critical need to decongest 

mandis to effectively fight against COVID-19. These software modules are namely: 

a. Warehouse based trading module in e-NAM software to facilitate trade from warehouses based on e-NWR  

b. FPO trading module in e-NAM whereby FPOs can trade their produce from their collection center without 

bringing the produce to APMC. 

In addition to facilitate inter-mandi and inter-state trade at this juncture, enhanced version of logistic module has been 

released whereby aggregators of transport logistic platform have on boarded which helps users to avail trackable 

transport facilities for transporting their produce. 

Conclusion 
The pandemic covid-19 originated in China and stretched its arm in entire world. India is also under the grip of this 

disease. Government of India has announced a nationwide lockdown to fight with this. It affects Indian economy badly 

especially the agriculture sector. Agriculture is backbone of Indian economy, which is terribly hit by this pandemic. 

There is huge disruption in agricultural operations like; harvesting, threshing etc. The food supply chains are also 

disrupted badly due to movement restriction. Migrants were more suffered from this lockdown as they lost their jobs. 

There is decline in their income and purchasing power due to movement restrictions. These factors would fan the 

flames of food insecurity among poor people. Several initiatives are taken by the government to combat with the 

negative effect of this pandemic viz; cash transfer in the account of daily wage workers, launch of kisan rath mobile 

app to minimize transportation problem etc. Today, its day 14th of lockdown 2.0, now all eyes are on prime minister 

for next step because this step is expected to create a balance between life and livelihood. Indian economy needs a 

kick start to revive again and feed its people. We hope for a decision, which resolves the issues of declining economic 

activities especially in agriculture sector along with fighting against the coronavirus. 
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INTRODUCTION 
 Insect pest damage is one of the major menace to crop production and  productivity in agriculture. They are 
responsible for severe reduction in crop yields, in spite of extensive use of harmful chemical pesticides.Injudicious use 
of chemical pesticides can develop  resistance in insects. Protease inhibitors (PIs) are one class of plant defense 
proteins against insect pest infestation. Plant derived protease inhibitors inactivate proteases of animals and 
microbial origin while rarely, inhibiting endogenous enzymes , leading to protection of crops against pests. However, 
a thorough understanding of insect digestive enzymes and protease inhibitors is a prerequisite to plan strategies for 
successful and sustainable application of protease inhibitors (Sharma, 2015). Plants produce a variety of proteins 
(peptides) that are involved in the defense against pathogens and invading organisms, including ribosome-
inactivating proteins, lectins, protease inhibitors and antifungal peptides (proteins). Specially, the protease 
inhibitors can inhibit aspartic, serine and cysteine proteinases 
 
Proteinase-inhibitor families in plants 
1. Cowpea trypsin inhibitor (Kunitz) family 
2. Bowman-Birk inhibitor family 
3. Barley Trypsin inhibitor family 
4. Potato Inhibitor I family 
5. Potato Inhibitor II family 
6. Serine poteinase Inhibitor family 
7. Ragi 1-2/Maize bifunctional inhibitor family 
8. Carboxypeptidase A. B inhibitor family 
9. Cysteine proteinase inhibitor family (cystatins) 
10. Aspartyl proteinase inhibitor family 

 Among the above families, Cowpea trypsin inhibitor (Kunitz), Cysteine proteinase inhibitor family (cystatins) 
and Serine poteinase Inhibitor families are most important. 

1) Cowpea trypsin inhibitor 
 Cowpea trypsin Inhibitor Gene (CpTi gene) is isolated from cowpea plant (Vigna unguiculata).(Boultera et. 

al.,1989) 
 This is the first plant-originated insect resistance gene to be successfully transferred into other plants species. 
 Small polypeptide having 80 amino acids 
 Against Lepidoptera, Coleoptera and Orthoptera 
 Inhibit the insect proteases involved in digestive processes.  
 Consequently, this will result in a depletion of essential amino acids required for growth, which in turn cause the 

larvae to die.  
 Transgenic tobacco transformed by CpTi  gene is used against Tobacco bud worm (Heliothis virescens). 

2) Cysteine proteinase inhibitor family (cystatins)   

 Cysteine proteinases isolated from insect larvae are inhibited by both synthetic and naturally occurring 
cysteine proteinases inhibitors. 
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 The optimum activity of cysteine proteinases is usually in the pH range of 5-7,which is the pH range of the 
insect gut that use cysteine proteinases. 

  Inhibitors of cysteine proteinases are now called cystanins. 

 Cystanins have also been characterized from potato, ragweed, cowpea, papaya and avocado. The rice 
cysteine proteinase inhibitors are the  most studied of all the cysteine PIs 

3) Serine Proteinase Inhibitors 
 The serine class of proteinases such as trypsin, chymotrypsin and elastase, which belong to a common 

protein super family, are responsible for the initial digestion of proteins in the gut of most higher animals 
 Inhibit activities against proteolytic enzymes of insects 
 Detrimental to the growth and development of insects like Helicoverpa, Spodoptera, Diabrotica and Tribolium 
 Additionally, serine proteinase inhibitors have anti-nutritional effect againstseveral lepidopteran insect 

species 

Mode of action of Protease Inhibitors (PI) 
 PI molecules inhibit protein digestive enzymes in insect guts, resulting in amino acid deficiencies and thereby 

developmental delay, mortality, and/or reduced fecundity 
 Depletion of essential amino acids. The imposed nutritional stress would subsequently retard insect 

development. 
 Growth delay in a natural setting would also lengthen exposure of phyto phagous insects to their predators 

and pathogens. 
 Increase in mortality.  
 The presence of inhibitor leads to the loss of nutrients particularly sulphur containing amino acids, and 

thereby weak and stunted growth and ultimate death. 

Sources of plant insecticidal proteins and insect species affected by them  
 Plant Insect pests affected 

Adenanthera pavonina Coralwood C. maculatus 

Archidendron ellipticum Bangkong Spodoptera litura 

Cajanus cajan Redgram Achaea janata 

Cicer arietinum Chickpea Anthonomus grandis 

Crotalaria pallida Smoothrattlebox C. maculatus 

Ipomoea batatus Sweet ptato S. litura 

Momordica charantia Bitter melon Helicoverpa armigera 

M. oleifera Horseradish Aedis aegypti 

Plathymenia foliolosa Vinhatico E. kuchniella 

Future prospects of inhibitory proteins 
The use of insect resistant transgenic plants is a viable means of producing crops with significantly enhanced level of 
resistance ( Xiao et. al., 2004). Various protease inhibitor genes are incorporated into the crops to confer resistance 
against insect pests. Various strategies being proposed and employed are 

 Gene Combinations/Packaging/Pyramiding 

 Protein engineering 

 Single chain antibodies 

 Phage display 
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CONCLUSION 
The continuous use of pesticides for crop protection had resulted in damaging impact on biological ecosystems. The 
use of target specific compounds with low persistence of intrinsic plant resistance mechanisms are safer alternative 
strategies for effective insect pest management. The availability of diverse insecticidal genes from different plant 
species makes it a possibility to use against various insects pests. Thus, protease inhibitors one of the prime 
candidates with highly proven inhibitory activity against insect pests and also known to improve the nutritional 
quality of food. 
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Hot beds for cultivation of vegetables 
Article id: 23601 
D. Srikanth 
1Ph. D Scholar, Department of Vegetable Science, College of Horticulture, Dr. Y.S.R.H.U., West Godavari, Andhra 
Pradesh, 534101. 
 
INTRODUCTION 
HOT BEDS: 
 A hotbed is a glass protected bed of rich soil to which heat is applied for hastening the germination of seed 
and promoting the growth of plants to be transplanted. 
Objectives: 

• The main objective of hot bed is to raise seedlings earlier and protect them from weather hazards. 
• Early supply of vegetable produce in the market and more profits.  

Location: 
 Hot beds should always be located on well-drained soil and free from flooding during heavy rain. A location 
with a southern exposure and adequate wind protection on the north and west is ideal. Locate close to water and 
heat sources. 
Temperature: 
 A soil temperature in the hot bed between 70 and 75 degrees Fahrenheit is ideal for planting most seeds. In 
the manure-heated bed, seeds may be sown while the soil is slightly warmer, but once seedlings appear, good 
ventilation is necessary to keep the seedlings from becoming soft and weak if temperatures are still high. Once seeds 
have germinated, temperatures should be adjusted for the type of plants involved. They can be divided into two 
groups:  

1.)  Cool-season crops 
  The cool-season crops include those that require a relatively low growing temperature.  
  Eg: Lettuce, Onions, Cabbage, Broccoli, Cauliflower and Sweet pea. 
2.)  Warm-season crops 
  Warm-season crops requiring higher growing temperatures include tomato, pepper, eggplant, sweet 
potato, musk-melon, watermelon, squash and cucumber, as well as many annual garden flowers. 

Ventilation: 
• The purpose of ventilation is to avoid extremes in the temperatures of the hotbed and to control the relative 

humidity.  
Watering: 
 Good soil moisture is needed for efficient heat transmission and for prolonging the life of heating cable. Soil 
moisture is also makes water easily available to the plant. Watering in the morning followed by proper ventilation will 
reduce the danger of “damping off” disease which causes seedling to the rot at ground surface.  
Fertilization: 
 After seeds have germinated and developed their first true leaves, a light addition of liquid fertilizer should 
be made. This should be repeated at about two-week intervals while the plants are in the frame. 
Thermostats: 
 A thermostat is necessary to maintain uniform temperatures. Thermostats in general use have an operating 
range between 30 and 120 degrees Fahrenheit. 
Types of hot beds: 

• Pit Hot bed or Manure hot bed 
• Steam or Hot Water-heated Hotbed 
• Electric Hot bed 
• Flue-heated Hot bed 
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Manure or pit hot bed: 
 Construction of the manure or pit hotbed begins by excavating about 24 inches deep. Spread 4 inches of 
coarse gravel on the bottom to help drainage and aeration. Fill up the pit with 8 to 12 inches of fresh manure mixed 5 
to 10 percent with straw, tamped evenly and firmly, and moistened with lukewarm water. Cover the manure with 3 
to 4 inches of good quality loose, weed-free soil. As the manure decomposes, heat is released. Warm soil permits 
faster heating and speeds germination. Place a thermometer in the soil. When the temperature drops to 75°F, the 
bed is ready to seed. One word of caution: try to obtain manure, straw and soil that are free of weed seeds.  
 

                             
 
 
Electrically-heated hot bed: 
 An easier approach to heating a hotbed is using electric cables. Excavate 6 to 12 inches of soil below the 
frame and put down 4 inches of carefully levelled, well-drained sand. About 60 feet of plastic covered electric heating 
cable is needed for a 6 feet by 6 feet bed, or about 2 feet of cable for every square foot of bed. Place the cable on the 
sand 3 to 4 inches from the side of the frame and loop it about 6 to 8 inches apart back and forth across the bed. 
Attach the cable to a thermostat with a minimum range of 45° to 90°F and to a 110-volt outlet for use with an 
automatic control. To prevent physical damage to the cable from gardening equipment and rodents, place 2 inches of 
sand on the cable, cover this sand with hardware cloth, and add another 2-inch layer of sand on top of the hardware 
cloth. Plant seeds in containers set on the top layer of sand. Another alternative is to place 6 inches of good, weed-
free soil on top of the hardware cloth, sow seeds directly into the soil and transplant the young seedlings to the 
garden. 
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Flue Heated hot bed:  

 Beds heated by hot air are known as flue-heated bed, since the heated air is conducted from a fire bed 
through tile flues placed beneath the bed. These are cheaper to construct than hot-water or steam-heated beds. The 
fire box is build in a pit at one end of the bed, and the heated air and fumes are conducted through tile flues which 
slope gently upward to the farther end of the bed which open into a chimney for outlet. The fumes and air circulate 
under the floor of the bed and finally pass out through a chimney at one end. The size of the tile to be used is 
determined by the size of the bed. A bed 12 by 60 feet should have two lines of 6-inch tiles, while one 12 by 30 feet 
may be heated satisfactorily with one line of 8-inch tiles. 
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FUNGI - A different approach to treat wastewater  
Article id: 23602 
M. Subasri * 
*Ph.D Scholar, Department of Agricultural Microbiology, 
Tamil Nadu Agricultural University, Coimbatore- 03. 
 

Current global environmental issues raise unavoidable challenges for our use of natural resource. 
Environmental pollution is turning into a global issue in which water pollution is a serious concern, since water is 
used for different purposes. Supplying the human population with clean water is becoming a universal problem. 
Therefore tanneries/ other allied industries are constrained to treat their effluents in order to minimize the 
negative impact on environment. The main reason for treating wastewater is to prevent the spread of diseases by 
safeguarding water sources against pollution. The development of efficient wastewater treatment technologies 
and circular economic approaches is thus becoming increasingly important. Treatment of wastewater is one of the 
strategies for the management of water quality. Due to some drawbacks over the years concerning chemical 
treatment, biological treatment is now employed to avoid the unpleasant conditions in natural water resources. 
The possibility of recycling industrial residues to create new sources of raw materials for energy and material use. 
Treating the wastewater using microbes and discharge into natural waterbodies is the best idea to maintain the 
environment safely.  

 
INTRODUCTION 

Wastewater, especially that containing textile dyes, discharged into river systems can cause serious pollution 
to the environment and threaten the lives of aquatic organisms and  microbes in the water. Dyes are organic 
chemical reagents that are widely used in plastics, paper, textiles, leather tanning and printing processes. The dye 
effluent is usually difficult to degraded by conventional waste water treatment. Conventional wastewater treatment 
includes physical, chemical and biological treatment. Follow a line of investigation into biological treatments to 
removes pollutants using micro-organisms might be attractive topic, with an aim to develop effective and 
environmentally friendly wastewater treatment technology. In order to develop efficient and cost effective 
treatment, fungi immobilization for dye decolorisation. Fungi have also been reported to increase the degradability, 
settleability of wastewater sludge and contribute to the sludge management strategy. 
 
FUNGI 
Fungus an unicellular organism having potential and promising role in wastewater treatment. Fungi are also part of 
the microorganisms found in wastewater treatment systems. A number of filamentous fungi are found naturally in 
wastewater treatment systems as spores or vegetative cells, although they can also metabolize organic substances.  

 Fungi are shown to be promising candidates to be used in removal of azo dyes compounds during 
wastewater treatment process. Fungal biomass can absorb dyes from wastewater regardless of whether the fungus is 
dry or wet.  

Dye decoloration with fungi is a cost effective and environmentally friendly method, which can be used for 
the removal and degradation of dye-containing effluents. 

A number of fungi species, such as Aspergillus, Penicillium, Fusarium, Absidia and a host of others have been 
implicated in the removal of carbon and nutrient sources in wastewater. Most of the fungi are also reported to have 
the ability to breakdown organic matter present in the wastewater. Additionally, some fungi use their fungal hyphae 
for trapping and adsorbing suspended solids to accomplish their energy and nutrient requirements. Several 
filamentous fungi have been reported to secrete enzymes which help in the degradation of substrates during 
wastewater treatment. 
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MECHANISMS 
 The biosorption mechanisms of the fungus pellets to acid anionic dyes are very complex and mainly involve 
biodegradation and biosorption ( Li et al., 2019). 

Fungal biosorption can be classified into two parts: 

 

 
BIOSORPTION 

The biosorption mechanisms of the dyes are dependent upon their various chemical structures. The different 
functional groups of the biosorbent play different roles in the biosorption of different dyes. The fungal cell walls are 
composed of polysaccharides (chitin and chitosan), proteins, lipids and melanin with various functional groups such 
as amines, carboxyls and phosphate groups, which are capable of binding dye molecules. 

 
ELECTROSTATIC INTERACTIONS  

The biosorption of acid dyes involves electrostatic interactions, which could be a major factor 
behind dye decoloration. For some water-soluble acid dyes, they can be ionized into sodium cations and 
colored sulfonate anions. Therefore, the positively-charged functional groups on the fungus can attract 
sulfonate anions and remove them from an aqueous solution. After adjusting the pH values of the dyes with 
hydrochloric acid, the amino groups in the fungal biomass are protonated, and such protonated amino 
groups make the biosorption process of dyed sulfonate anions more easy and efficient. 

ENZYMES 
In addition to the electrostatic interactions, other mechanisms also involved in the biosorption of the dyes. 
Fungi possess the ability to produce non-specific oxidative enzymes, which allow degradation of pollutions 
with highly complex structures.  

DEDUCTION METHODS 
By the use of Scanning Electron Microscopy (SEM), the fungus can be scanned before and after dye 
adsorption, we can deduce that biosorption properties. This biosorbent will greatly decrease the effluent 

Passive 
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metabolism 
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metabolism 
dependent 

Fungal 
biosorption  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD:  e-Newsletter                                                 Volume 2 – Issue 5 – May 2020 
www.agrifoodmagazine.co.in 
ISSN:  2581-8317 

 

9 
 
 

 

concentration of wastewater from the textile industry, particularly for highly concentrated dye solutions, 
which is beneficial for aquatic ecosystems and human health. 

 

       Schematic diagram of adsorption mechanism model (a), SEM  images of fungus mycelia, and (b) dyes 
adsorbed onto fungus mycelia (c) 

 
 
CONCLUSION 
Fungal biotechnology for wastewater treatment has recently been of great interest in the environment 
decontamination of organic and inorganic pollutants. Self-assembled fungal pellets have great potential in 
wastewater treatment because they are easily separated from dye containing wastewater, and exhibit good 
decoloration properties and strong acid/base tolerances during the culturing and adsorption processes. The 
adsorption mechanism indicated that the fungus pellets possess efficient decoloration abilities with a high 
adsorption rate of 98%. Several analysis showed the excellent decoloration performance relies on the active 
groups on the fungus pellets and electrostatic interactions, including enzymes involved in cell wall 
degradation. Using low cost materials such as fungi, adds advantage include a low capital investment, 
relatively simple operation, low operating cost and lack of degradation by products. 
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Weed management options in Direct Seeded Rice (DSR) 
Article id: 23603 
Brijesh Kumar Chaudhary1*, Mehjabeen2, Vivek Kumar3 and Anurag Kumar Singh1 
1Department of Agronomy, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi-221005 
2Department of Soil Science & Agricultural Chemistry, BAU, Sabour-813210 
3Department of Plant Physiology, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi-221005 
 
Direct Seeded Rice (DSR): In DSR, dry seeds are sown into a prepared seedbed after tillage or under zero-till 
conditions. In some areas, dry seeds are broadcast and then mixed by a light harrow; however, this practice is being 
discouraged because of the requirement of high seeding rates and difficult manual or mechanical weed control. DSR 
may also involve sowing pregerminated seed onto a puddled soil surface (wet seeding) and into shallow standing 
water (waterseeding). 
 
DSR become an important practice at current scenario: 
Direct seeding of rice has several advantages over transplanting rice. Direct-seeded crops are more rapidly and easily 
planted, less labor intensive, consume less water, mature 7 to 10 days earlier, and have less methane emissions. In 
addition to water scarcity, the farmers are facing the problem of acute labour shortage and hike in wage rate. 
Transplanting takes 240 to 250 man h ha-1, which is 25 per cent of the total labour requirement of the rice crop. 
Urbanization and migration of rural labour result in labour scarcity as well as hike in wage rate. This causes increased 
cost of production and reduced profits to farmers. Because of these reasons there has been shift in crop 
establishment from transplanting to DSR in many Asian countries including India. 

Though DSR has several advantages and it could be an effective alternative to traditional transplanting, poor 
germination, uneven crop stand and high weed infestation are the major biological constrains in DSR. Weeds 
infestation in DSR is mainly due to the concurrent emergence of competitive weeds, absence of water to suppress 
weeds at the time of seedling emergence and emergence of difficult to control weeds. This infestation may cause 
huge yield losses up to 30-35% (in tropic), while in direct seeded aerobic rice, yield penalty is as high as 50-91% as 
stated, season-long weed competition in direct seeded rice may cause yield reduction up to 70-80%. Thus we need a 
comprehensive management practices for effective weed control. In order to achieve the long term and sustainable 
management of weeds in DSR an integration of different weed management strategies like integrated weed 
management (IWM) are essential. 
 
Effective weed management options in DSR: 
Weed prevention: 
Prevention, the most fundamental of all weed control methods, restricts introduction and spread of weeds. 
Preventive measures include using weed-free seeds, maintaining clean fields, borders, and irrigation canals, and 
cleaning farm equipments. The success of prevention is not warranted unless it is implemented through community 
actions by enforcement of laws and regulations. However, prevention has been de-emphasized in recent years, 
because of the availability of different effective and inexpensive control tools like herbicides. But preventive weed 
management program is still applicable against herbicide-resistant weed biotypes and difficult-to control weeds. 
Weeds can easily adapt to control practices because they have a huge capability to change their morphology.  
 
Physical control: 
Physical control is done manually or mechanically. Crops show varying sensitivity to disturbance, and 
monocotyledons like cereals are less sensitive than dicotyledons; therefore, mechanical weeding is feasible in rice. In 
an experiment harrowing has been found effective in direct seeded rice, especially when the crop plants are larger 
than weeds to break out damage. Hand weeding is very easy and environment-friendly but tedious and highly labor 
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intensive. Hand weeding is not an economically viable option to the farmers. It has been estimated that 150 to 200 
labors per day ha-1 are required to keep rice crop free of weeds.  
 
Biological control: 
Biological weed control by using different herbivorous bio-agents like tadpoles, fish, shrimps ducks and pigs are used 
to control weeds in irrigated lowland rice in a few countries but these cannot be used in aerobic rice, where there is 
no standing water. Weed control by mycoherbicides are now being considered to minimize the herbicide 
dependency. The most promising fungi for biocontrol of barnyardgrass are Cocholiobolus lunatas,  Setosphaeria sp. 
Cf. rostrata and Exserohilum monocerus were also found to effectively control Leptochloa chinensis without causing 
any damage to rice plant. However, scope of using mycoherbicides is also limited in controlling weeds in direct 
seeded aerobic rice because such fungal pathogen requires flooded conditions. 
 
Chemical control: 
For the last few decades, herbicides have been remarkable contributor to agriculture. In large scale rice farming, 
herbicide based weed management has become the smartest and most viable option due to scarcity and high wages 
of labor. Regardless of some undesirable side-effects no viable alternative is currently available to shift the chemical 
dependence for weed management in rice. Several researchers working on weed management in direct seeded rice 
opined that herbicide may be considered to be a viable option or supplement to hand weeding. Application of 
different pre-emergence herbicides such as pendimethalin, thiobencarb, butachlor, oxadiazon and nitrofen has been 
found to control weed satisfactorily in direct seeded rice. Among the post-emergence herbicides, pritilachlor, 
penoxsulam, chlorimuron, metsulfuron, cyhalofop-butyl, bispyribac sodium and ethoxysulfuron effectively controlled 
weeds in direct seeded rice.  

Since the first resistant weed biotype (Commelina diffusa) was found in the USA in 1957, 304 resistant 
biotypes of 182 weed species have been found in 58 countries. In Malaysia, incidences of weed resistance to 
sulfonylurea, phenoxy and molinate compounds have been reported by many researchers. Therefore, it is a must to 
use herbicide judiciously. Use of herbicides either in mixture or year to year sequence of products having different 
modes of action might be help to sustainable weed management. Application of wider spectrum of chemicals could 
help delay the development of herbicide resistance in weed community. 
 
Cultural control: 
Cultural practices play major role to decide the competitiveness of a crop with weeds for above ground and below 
ground resources and hence might influence weed management. 
Tillage: Tillage can affect weed community through the changes in weed seed distribution in the soil. Primary tillage 
can reduce annual weed populations, especially when planting is delayed to allow weed seeds to emerge before final 
tillage. While shallow tillage before crop emergence and post plant tillage after crop establishment help remove 
annual weeds and inhibit the growth of perennial weeds. 
Soil solarization: Soil solarization is a method of heating the soil’s surface by using transparent polyethylene sheets 
(LDPE film) placed on the soil surface to trap solar radiation. This increases the soil temperature to lethal levels at 
which many soil borne pathogens and weed seeds, thus killing weeds before emergence. This technique can be 
effectively used in hot areas. 
Weed competitive cultivar: Cultivar-weed competitiveness has two components: weed tolerance and weed-
suppressive ability. Weed tolerance is the ability of plants to maintain high yields despite weed competition, whereas 
weed suppressive ability is the ability to suppress the growth of weeds through competition. 
Crop rotation: Various weeds actively respond to crop rotation, which affects weed demography and subsequent 
population dynamics. Rotation of crops help in breaking the chain of weed seed cycle as well as facilitating the 
identification of weedy rice, and it leads to effective weed control. Effective control of weedy rice can be obtained by 
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rotating the rice crop with other crops, such as cotton, maize, soybean, mungbean, etc., which allow using other 
herbicides and cultural practices that cannot be used in rice. 
Seeding density: Seeding density of a crop determines solar radiation interception between crop and weeds, canopy 
coverage and biomass accumulation which have cumulative effect on its weed suppressive ability. Higher seeding 
rate develops canopy quickly and as a result suppresses weeds more effectively, and in contrast, lower seeding rate 
results in sparse stands and encourage weed growth. 
 
CONCLUSION 
Weed management is a primary practice, failure of which may result in severe losses in terms of yield and economic 
return. Weed is a serious problem in direct seeded rice and weed management has been a huge challenge for the 
weed researchers and rice farmers as well. To achieve effective long term and sustainable weed control, all suitable 
management techniques are to be wisely utilized in such a compatible way as to reduce the weed population below 
the economic threshold levels without deteriorating environment quality. Future research in DSR needs to focus on 
the integration of appropriate agronomic practices with herbicide application timing, combination, and rotation and 
the weed-suppressive ability of cultivars to improve the effectiveness of weed management approaches. 
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Increasing air pollutants and its impact on vegetable crops  
Article id: 23604 
Bajrang Kumar*, Prachi Pattnaik1, Diksha Mishra1  
1Department of Horticulture, Institute of Agricultural Science, 
Banaras Hindu University, Varanasi-221005, Uttar Pradesh, India. 
                                                                   
The significance of vegetables in human diet is well known. Air pollution is recently one of the prime concern in 
India. This has become an extremely serious problem for the modern industrialized world. Vegetable crops can be 
injured when exposed to high concentrations of various air pollutants. Injury ranges from visible markings on the 
foliage, to reduced yield and to premature death of the plant. The development and severity of the injury depends 
not only on the concentration of the particular pollutant, but also on a number of other factors including the 
duration of exposure to the pollutant, the type of plant species and its stage of development. There is a need for 
proper planning and mitigation strategies to counter this problem. Focus should be given on minimizing the 
emission of gaseous pollutants into the atmosphere. Introducing proper policy regarding regulating such emissions 
can also be helpful. 
 
INTRODUCTION 
Vegetables form a crucial part of human diet as they are the source of nutrients such as vitamins, minerals, 
phytochemical compounds, and dietary fibers. Adequate consumption of vegetable has proved to be beneficial for 
protection against some chronic diseases such as diabetes, obesity, metabolic syndrome, cardiovascular diseases, 
cancer, as well as reduce the risk factors related with these diseases. The two key terms specifically in focus at 
present time are “Global warming” and “Climate change” which have proven to be of greater concern to mankind in 
21st century. Industrialization, urbanization, economic growth and associated increase in energy demands have 
resulted in a profound deterioration of air quality in developing countries like India. Pollutants from automobiles, 
industries have created a brown cloud zone over many cities. Apart from causing respiratory disorders in humans, the 
air pollutants also have serious negative effects on the plants. Likewise other crops, vegetable production is also 
being adversely affected by the consequences of increased air pollutants leading to changes in seasonal and monsoon 
pattern which then results in crop failures, reduction of yields, decline in quality and rising pest and disease 
problems; ultimately rendering the vegetable cultivation unprofitable. 
 
What is pollution? 
Pollution is the contamination of the physical and biological components of the earth system to such an extent that 
normal environmental processes are adversely affected. 

A ‘pollutant’ is a substance introduced into the environment that has undesirable effects, or adversely affects 
the usefulness of a resource. It may cause short or long term damage by changing the rate of growth of plant or 
animal species, or by interfering with human amenities, comfort and health. 
 
What is air pollution? 
Increasing pollution of air is one of the specific environmental threats to crop yield in urban and peri-urban areas. 
“Air pollution” may be defined as any condition in which certain substances are introduced into the atmosphere in 
concentrations that may result in undesirable effects on man, plants as well as ecosystem possessing harmful effects 
on them. These may include gaseous substances such as sulphur dioxide, nitrogen oxides, carbon monoxides, 
hydrocarbons, etc.; or particulate matters (smoke, dust, fumes, aerosols, etc), radioactive materials and many others. 
Air pollutants may also interfere with the biochemical and physiological processes of plants to an extent, which 
ultimately leads to yield and quality losses. The risks on yield of crops depends upon the pattern and duration of 
emission of the pollutants, atmospheric transport and leaf uptake and on the plant’s biochemical defense capacity. 
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Types of air pollutants- 
Air pollutants are broadly classified into: 

 Primary pollutants- Carbon monoxide, Carbon dioxide, Sulphur dioxide, Ammonia, Nitric oxide, Nitrogen 
dioxide, Particulates, Volatile organic compound 

 Secondary pollutants- Sulphur trioxide, Nitric acid, Sulphuric acid, Hydrogen peroxide, Ozone, Peroxyacetyl 
nitrate (PAN): 

 
Sources of air pollutant 

 Power plants and industrial emission 
 Burning of coal and fossil fuels 
 Agriculture activities 
 Volcanoes & Forest fire 
 Paints, Aerosol sprays, cleansers and disinfectants  
 Vehicular exhaust 

 
Effects of different air pollutants on vegetable crops 
CO2: 
 Aggravated CO2 concentration in the atmosphere may increase crop yields due to increased CO2 fertilization, but 

decreases after some extent. 
 Rise in CO2 concentration leads to rise in temperature. Sudden increase in temperature may result in decrease in 

precipitation causing reduction in availability of irrigation water and increase in evapotranspiration, leading to 
severe crop water-stress conditions. 

 Tomato, watermelon, squash, potato, snap beans, cantaloupe, muskmelon, carrots, gourds, green peas, turnips 
are some of the more susceptible crops to air pollution damage.  

 Potato plants grown under elevated CO2 may have larger photosynthetic rates up to some extent but later on 
excess increase in CO2 had a declining effect on photosynthetic rates. 

 The high atmospheric CO2 content have an inhibiting effect on tomato fruit ripening. 
 Also, high atmospheric CO2 content leads to low nitrogen content in plant. Such low nitrogen content in leaves is 

often favoured by pest and increases food consumption by them. 
Dioxides of Sulphur and Nitrogen: 
 Sulphur is an essential nutrient for plant growth so exposure to low-level SO2 has a positive impact on plants. But 

exposure of plant to excess SO2 emission has a negative effect on the physiological and biochemical processes in 
plants. 

 Air pollutants such as SO2, NO2 are the main causes of acid rain which ultimately affect the plant tissue directly. 
 Higher concentrations of SO2 and NO2 inhibit the germination, invasion and sporulation of plant. 
 High exposure usually results in symptoms including dry, papery blotches that are generally white, tan, or straw 

coloured; may be marginal or interveinal. 
 On some species, chronic injury causes brown to reddish brown or black blotches.  
 Both the upper and lower leaf surfaces are affected but leaf veins remain green.  
 Young and middle aged plants and leaves are most sensitive. Sensitivity is highest during days with bright sunlight 

and high relative humidity.  
 The uptake of NO2 by plants occurs predominantly by foliar deposition.  
 The entry of NO2 into leaves is similar to that of SO2, however, entry through cuticle is higher as cuticular 

resistance against NO2 entry is lower than for SO2 or O3.  
 NO2 after entering into the leaf, dissolves in the extracellular water of the sub-stomatal cavity to form both HNO2 

and HNO3, which dissociates to form nitrate, nitrite and protons.  
 These two pollutants play a major role in the production of ozone in the atmosphere.  
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Ground level Ozone: 
 The burning of coal and other fossil fuels also gives rise to O3 (ozone) as well as a variety of other hydrocarbons. 

Ozone produced in these reactions can prove injurious to plants depending upon the concentration and duration 
of exposure.  

 The common symptoms from ozone exposure includes stippling, flecking, bronzing, and reddening are gradually 
turning to chlorosis and necrosis.  

 Injury is usually more pronounced along the margins and at the leaf tip.  
 With severe damage, symptoms may extend to the lower leaf surface. 
 Ozone destroy RuBisCo, an enzyme crucial for photosynthesis. 
 It is also known to make leaves age faster. 
 The adverse effects of O3 include a range of physiological changes, including decreased carbohydrate 

concentrations and suppressed photosynthesis 
Peroxyacetyl nitrate (PAN): 
 Causes a collapse of tissue on the lower leaf surface of most plants resulting in leaves that develop bands or 

blotches of glazed, bronzed or silvery areas.  
 The affected leaves usually senesce prematurely. On some plants, such as tomato and potato the injury can occur 

through the entire width of the leaf blade.  
 PAN is most toxic to small plants and younger leaves, but leaves just forming and starting to open and the most 

mature leaves are less susceptible to PAN injury. 
Ethylene: 
 A considerable amount of ethylene is present in propane, gasoline and natural gas and is produced when these 

substances are burned.  
 Ethylene as a pollutant influences the activities of plant hormones and growth regulators, which affect 

developing tissues and normal organ development, without causing leaf-tissue damage. 
 In case of broad-leaf plants injury includes downward curling of the leaves and shoots (epinasty), followed by a 

stunting of growth. 
 Tomato plants exposed to ethylene can develop plant twisting, defoliation, and bloom drop. 
 
Mitigation strategies 
There is enough evidence to show that the emission of greenhouse gasses has caused global warming and 
corresponding climate change. Mitigation strategies should include the process in which the emission of greenhouse 
gases are either reduced or sequestered. The causes which are responsible for emission of harmful gases should be 
addressed to; particularly burning of coal and fossil fuel should be minimized. There is need for quick and clear 
understanding of impact of gaseous air pollutant on vegetable crops for making sound action plan based on improved 
farming system. Afforestation should be encouraged for improving the surrounding air in the urban and periurban 
areas. Climate-smart horticulture should be adopted that may contribute for achieving the goal of sustainable 
agriculture. The most effective way is to adopt conservation agriculture, using renewable energy, forest and water 
conservation, reforestation, etc. in order to improve the quality of air in the urban as well as rural scenario. Thus it 
has become important to address this emerging issue; work together towards reducing the concentration of 
pollutants in air and to develop techniques and procedures for better management of vegetable crops under such 
harsh conditions. 
 
REFERENCE 
1. Ahmed, S. (2015). Air pollution and its impact on agricultural crops in developing countries-a review. The Journal of Animal 

and Plant Sciences, 25: 297-302. 
2. Bhushan, A. (2018). Impact of air pollution on vegetable crops. Open Access Journal of Science, 2(6): 367-368. 
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Emerging trend of microgreens- Potential nutrient enhancer in human diet 
Article id: 23605 
Prachi Pattnaik1*, Bajrang Kumar1, Diksha Mishra1 
Department of Horticulture, Institute of Agricultural sciences, Banaras Hindu University, Varanasi- 221005, UP 
 
The rapid increase in economic development is changing the spectrum of life in terms of income, life style and 
expenditure leading to major challenges of numerous diseases particularly related to nutritional deficiencies. 
Different diseases related to diet such as obesity, diabetes, cardiovascular disease, hypertension, stroke, and 
cancer are escalating both in developed and developing countries, in part due to imbalanced food consumption 
patterns. In such a scenario, microgreens have gained popularity as food ingredients recently because of their high 
nutritional value and diverse sensorial characteristics. Microgreens are edible seedlings of vegetables and herbs. 
But the rapidly growing micro-green industry faces several challenges. One of the major limitations to the growth 
of the micro-green industry is its rapid quality deterioration that occurs soon after harvest, which are responsible 
for its high price and restricts for local sales. Once harvested, microgreens quickly dehydrate, wilt, decay and 
rapidly lose certain nutrients. Studies have explored various pre-harvest and postharvest interventions, such as 
calcium treatments, modified atmosphere packaging (MAP), temperature control, and light, to maintain standard 
quality, augment nutritional value, and extend shelf life. However, more attention is needed to work for improving 
production and storage conditions to elevate the safety, quality, and shelf life of microgreens, thereby expanding 
potential markets. 
 
INTRODUCTION 
The fast growing economy and increasing development through industrialization and urbanization have resulted in 
unhealthy lifestyles leading to various diet-related diseases such as obesity, diabetes, cardiovascular disease, 
hypertension, stroke, and cancer. These diseases are so common now a days that people are diverting themselves 
towards consuming healthy diet and more of fruits and vegetables. Vegetables and fruits are rich source of vitamins 
and minerals for which they are called as “protective food”. Research regarding search of food rich in nutrients led to 
the focus on production of microgreens. Thus, microgreens are an emerging class of produce that have gained 
increasing popularity and are being frequently referred to as ‘vegetable confetti’. These are a new class of specialty 
crop, defined as tender immature seedlings produced from the seeds of vegetables, herbs, or grains, including wild 
species. Microgreens have been used primarily in the restaurant industry to festoon cuisine and are most commonly 
consumed freshly in salads, soups, and sandwiches. The idea of microgreens can be dated back to late 80's in San 
Francisco, California, and they have since gained popularity as novel culinary ingredients in the world's finest 
restaurants and upscale grocery stores. In the 1960s radish, sunflower and buckwheat were frequently grown in 
sunny windows as winter “Greens”. In the 1980s, chefs started growing “Cresses” and “Seedlings” for garnishing. The 
first documented use of the word "MICROGREENS" was done in USA in 1998. Supply and demand of microgreens is 
highly influenced by emerging gastronomic trends, and species selection relies on consumer preference. Microgreens 
are ideally suited to produce indoor and are now part of the global movement towards controlled environmental 
agriculture (CEA). Microgreens adapt easily to be grown in urban or peri-urban regions where land is often a limiting 
factor. It can either be grown by specialized vegetable farmers or the consumers themselves.  
 One major limitation to the growth of the microgreen industry is rapid postharvest quality deterioration. 
Storage of microgreens is difficult due to their high surface area to volume ratio, high respiration rate, and delicate 
leaves that easily wilt, high transpiration rate, leakage of nutrient rich exudates, rapid postharvest decay, tissue 
damage, and early senescence. 
 
What are microgreens? 
Microgreens are a class of specialty fresh produce, which have gained increasing popularity with chefs and consumers 
in recent years. They are the young seedlings of vegetables and herbs approximately 1–3 inches (2.5–7.5 cm) tall; and 
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harvested when cotyledons are fully developed and the first pair of true leaves are emerging or partially expanded. 
Microgreens are good sources of vitamins and other phytonutrients, such as carotenoids and polyphenols. Given 
their nutrient-dense properties, microgreens have recently attracted considerable attention from researchers of 
human nutrition, public health professionals and educators, food enthusiasts and health-conscious consumers. The 
level of phytonutrients varies according to the growth stages of the plant and often decreases from the seedling 
(sprout, microgreen) to the fully developed stage. Microgreens are also considered functional foods with health-
promoting or disease-preventing properties. Harvesting is usually done at the soil level, i.e. at the base of hypocotyls, 
upon appearance of the first pair of true leaves, when cotyledons are fully expanded and still turgid. They are 
becoming popular not only for their vivid colors, delicate textures, unique flavor enhancing properties as garnishes 
(e.g. in salads, sandwiches, soups entrees, desserts and drinks), but also because of their fortified phytonutrient 
content and potential bioactive values. Microgreens can be grown without soil owing to their short growth cycle, and 
also without external inputs like fertilizers and pesticides, around or inside residential areas; thereby promoting 
organic production. Microgreens may be distributed as fresh-cut products and also can be grown on media to be 
harvested by end users. Species that are mostly exploited belong to the families of Amarillydaceae, Amaranthceae, 
Apiaceae, Asteraceae, Brassicaceae, Chenopodiaceae, Cucurbitaceae and Lamiaceae. Though microgreens and 
sprouts are confused to be the same but they are distinct even if both greens are consumed in an immature state. 
Sprouts are generally grown in dark and moisture saturated conditions conducive to microbial proliferation and they 
do not have leaves. Sprouts have a comparatively shorter growing cycle of 2–7 days, whereas microgreens are usually 
harvested 7–21 days after germination, once the plant’s first true leaves have emerged.  Also, microgreens have 
much stronger flavor enhancing properties as compared to sprouts, and a broad range of leaf color, shape and 
variety. Recent studies have demonstrated that microgreens contain higher amounts of phytonutrients (ascorbic 
acid, β-carotene, α-tocopherol and phylloquinone) and minerals (Ca, Mg, Fe, Mn, Zn, Se and Mo) and lower nitrate 
content as compared to their mature leaf counterparts. The short production cycle coupled to their high price in 
market have attracted greenhouse growers and many urban and peri-urban farms to invest in their production. On 
the other hand, low yield, rapid senescence and very short shelf-life curbs the expansion of their commercial 
production. 
 
Table. 1: Taxonomic families of commonly grown and eaten microgreens. 

Families Commonly grown microgreens 

Alliaceae chives, shallots, onions, garlic 

Amaranthaceae spinach, amaranth, beets, swiss chard 

Apiaceae celery, cilantro, chervil, fennel, parsley, carrot, and dill 

Asteraceae lettuce, endive, sunflower, garland chrysanthemum, tagetes (marigold) 

Brassicaceae mustards, cabbages, broccoli, cauliflower, radish, arugula, cress, kohlrabi, turnip, 
savoy, kale, pakchoi, collard, nasturtium, brussel sprouts, rutabaga 

Cucurbitaceae Cucumber, melon, squash 

Fabaceae sweet pea, alfalfa, fenugreek, fava 

Lamiaceae mint, basil, chia 

Poaceae corn, lemongrass 

Polygonaceae Buckwheat 

Portulacaceae claytonia 
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1.   2.      3.  
 
 

4.   5.  
Fig. Microgreens of different vegetables - (1) broccoli (2) radish (3) arugula (4) carrot (5) lettuce 

 
Health benefits of microgreens 
 Microgreens, referred to as ‘Functional Foods’ have health promoting or disease preventing properties and are 

latest nutritional miracle-food.  
 It has been observed that supplemental UV-A irradiation can improve antioxidant properties of microgreens.  
 Microgreens from Brassica species are good sources of phenols.  
 These are antioxidant-rich foods, including those containing high amounts of polyphenol; may be linked to lower 

the risk of Alzheimer’s disease  
 Microgreens generally have higher levels of phytonutrients like vitamins C, B9 and K1 and the carotenoids than 

matured leaves.  
 It has antiseptic and anti-inflammatory properties. 
 Consuming these helps in curing anemia. 
 Have anti-cancer properties (rich in antioxidants). 
 Helps reducing the constipation.  
 Protects the body from harmful effects of free radicals. 
 Reduce the risk of eye diseases (loaded with β- carotene). 
 Maintains strong and healthy bones.  
 Promotes blood clotting. 
 Vitamin C, E & K found abundant in microgreens. 
 
Specific points to remember while growing microgreens 

 There are no food code requirements for microgreens, but studies suggest that microgreens should be stored at 
temperature of about 5 °C. Microgreens resistant to chilling injury can be held as low as 1 °C. 

 Pre-harvest application of calcium improves post-harvest quality and shelf life of broccoli microgreens. 
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 Growing media such as peat, perlite and vermiculite are used most commonly. Single-use growing mats 
specifically produced for growing microgreens are considered very sanitary.  

 The plants need more light or feeding if the plants are weak or look skinny. Diluted organic nutrients like seaweed 
spraying can also improve the nutrient level in the microgreens - This improves flavour and boosts nutrition. 

 Overcrowding of seedlings should be avoided. Too much seed will cause ‘damping off’, which can also be 
overcome by treating the media with Trichoderma. 

 Some seeds will not germinate at very high or very low temperatures so knowledge about the growth habit of 
particular species is required. 

 Over soaking of seeds should be avoided because that may result in dead seeds. 

 The tray used for growing microgreens should be well drained. 

 To help seeds germinate quickly, pre-soaking of larger seeds (e.g. peas, beetroot) in warm water for a few hours 
or overnight is beneficial. 

 Watering by fine spray - This prevents dislodging the seeds. 

 Requires high light condition with low humidity and good air circulation. Requires 12 and 16 hours of light and 
18–24C° temperature. 

 
CONCLUSION 
Thus observing the day to day changes in lifestyle, there is a need to pay attention towards adding more of these 
nutritious microgreens to our diet. These possess higher amount of bio-active compounds and minerals in contrast to 
full greens. Microgreen industry is a developing field and there is a good scope for future research in this area due to 
increasing consumer demand. But there is a need for advancements in its postharvest processing techniques and 
packaging technology that will help to maintain the quality for longer periods of time and extend their shelf life. In 
addition to this, proper information regarding the growth stages and harvesting time should be known to the 
growers. Vertical garening of microgreens can also be promoted as well as hydroponincs. A combination of adequate 
cold chain and suitable modified atmosphere packaging (MAP) are crucial to reduce the respiration rates, prevent 
moisture loss, reduce contamination, and inhibit growth of spoilage and pathogenic microorganisms. Thus, an 
appropriate balance is required to maintain temperature, moisture, and atmosphere that optimize the quality 
retention and shelf life of microgreens, while discouraging growth of spoilage microbes and human pathogens. 
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Transgenic Bt Cotton 
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INTRODUCTION 
Cotton is one of the most important fiber crops of global importance. India is the world’s biggest cotton producer 
country, grew cotton on 12.7 m ha in 2019-20. The plant that has been genetically engineered by a breeding 
approach that uses recombinant DNA techniques to create a plant with new characteristics is described as transgenic 
plant or genetically modified (GM) plant. Genetically modified cotton crops produce insecticidal toxins which derived 
from the soil bacterium Bacillus thuringiensis known as Bt cotton. The Mahyco (Maharashtra Hybrid Seeds Company) 
in collaboration with US company Monsanto has introduced the first Bt cotton variety Bollgourd-1, using Cry I Ac 
gene in India in 2002. Only Bt cotton is approved GM crop in India by the Genetic Engineering Appraisal Committee of 
Ministry of Environment, Forest and Climate Change for commercial cultivation. India has bred Bt-cotton varieties 
such as Bikaneri Nerma and hybrids such as NHH-44. In 2006 Bt variety developed as Bollgourd-II having both genes 
of Cry I Ac and Cry II Ab gene. There are reports of more than 50% reduction in insecticides application on Bt cotton. 
 
Why farmer need Bt cotton? 
About 162 species of insects occur in cotton at various stages of growth of which 15 are key pests. In India, an 
estimated Rs.33.8 billion to value of pesticides are used in agriculture (Gupta et al., 2001), with Rs.16 billion worth on 
cotton alone Before the introduction of Bt cotton, insecticide quantity applied on cotton was the highest, relative to 
other cultivated crops. Cotton bolls are highly vulnerable to hidden insects such as the American bollworm 
(Helicoverpa armigera), Pink bollworm (Pectionphora gossypiella) and Spotted bollworm (Earias vitella). Loss due to 
insect damage to cotton crop is estimated to be more than Rs.1200 crores/yr.  

 
Bt: Bt stands for Bacillus thuringiensis (bacteria) discovered by Ishiwatari in 1901. In India, father of Bt cotton is C. D. 
Mayee. Bacillus thuringiensis is a rod-shaped, aerobic, spore-forming, gram-positive and soil-dwelling bacterium 
(Mayee and Roy, 2002). It is commonly used as a biological alternative to a pesticide. Upon sporulation, B. 
thuringiensis forms crystals of proteinaceous insecticidal δ-endotoxins (called crystal proteins or Cry proteins), which 
are encoded by cry genes (Khadi et al., 2002). The refugia strategy is applied to prevent resistance to bollworms 
against Bt cotton. In this strategy, 20% area is kept for non Bt cotton around the field of the main Bt cotton field.   
 
Mode of action of Bt cotton on insect digestive system 
1.  Larvae feed on Bt plants and Crystal enter the digestive tract, where they make their way to the 

organism's gut 

2.  Protoxin get activated by the combination of alkaline pH(7.5-8) & specific digestive protease 

3.  Covert protoxin into the active toxin and the active toxin traverses the peritrophic membrane 

4.  To bind cadherin receptors present on the brush border membrane 

5.  The cadherins process the toxins to form homo-oligomers and bind to specific receptors and create an 
ion channel 

6.  osmotic lysis of the cells 

7.  Cellular metabolism ceases within a few hours – it becomes hydrated 

8.  2-5 days - insect eventually die 
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Classification of cry genes and their pathogenicity 

Cry genes Toxic to the insect order 

Cry1A(a), Cry1A(b), Cry1A(c) Lepidoptera 

Cry1B, Cry1C, Cry1D  Lepidoptera 

Cry II  Lepidoptera, Diptera 

CryIII  Coleoptera 

CryIV  Diptera 

CryV  Lepidoptera, Coleoptera 
 

How Bt cotton is developed?  
For the development of any transgenic crop, there are five important steps: 

 Identification of effective gene or genes. 

 Gene transfer technology. 

 Regeneration ability 

 Gene expression of the product at the desired level. 

 Proper integration of gene. 
 

Advantages of Bt cotton in India: 

• High insect specificity 

• Nontoxic to non-target species 

• Biodegradable in the environment 

• Reduction of usage of insecticides for insect control 

• Yield increases due to fewer losses of insect damage  
 

Disadvantages of Bt cotton: 

• Small and marginal farmers of India can not afford the high cost of Bt cotton seeds i.e. Rs.1600 for 450 g of 
seeds. 

• Adverse effect on insecticide manufacturing companies due to reduced use of pesticides significantly by Bt 
cotton 

• Bt cotton is ineffective against sucking pests like jassids, aphids, whitefly, etc. 

• Adverse effect on the employment of those persons engaged in pesticide industries. 

• Promotes malpractices 
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CONCLUSION 
Genetic resistance is the cheapest and the most powerful method of protecting crop plants from pests. The Bt 
transgenic cotton with inbuilt genetic resistance to bollworms will help in the protection of natural enemies of insect 
pests i.e. predators and parasites. It will also help in reducing the cost of cultivation by reducing the use of pesticides. 
Moreover, it will reduce environmental pollution and health hazards caused by pesticidal use. Transgenic cotton with 
Bt endotoxin protein does reduce expenditure on insecticides and create an eco-friendly environment without a 
reduction in yield. 
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INTRODUCATION 
Maize (Zea mays L.) is the most important staple crops for both human nutrition and livestock feed, in the developed 
and developing countries, worldwide (Prasanna et al., 2001). The maize grain accounts for about 15 to 56% of the 
total daily calories in the diets of people in about 25 different developing countries. Conventional maize has two 
drawbacks; it lacks two amino acids viz, lysine and tryptophan, which results in poor net protein utilization and its low 
biological value causing malnutrition that leads to ‘Kwashiorkor’ caused by a lack of protein in the diet. Breeding for 
enhanced protein quality in maize began in the mid-1960s with the discovery of mutants, such as opaque-2, that 
produce increased levels of lysine and tryptophan, the two amino acids deficient in maize endosperm proteins. The 
maize kernel includes pericarp (6%), endosperm (82%) and germ (12%). The endosperm of maize contains a group of 
four structurally distinct alcohol-soluble proteins called ‘zeins’ (α, β, γ and δ) since zeins are essentially devoid of 
lysine and tryptophan.  

In 1963, researchers at Purdue University, USA, discovered that a mutation, designated opaque-2 (o2), 
increase grain proteins in the endosperm nearly twice as nutritious as compared to normal maize. The o2 mutation 
was first invented by Jones and Singleton in 1920s, but the nutritional importance of the mutation was first 
discovered by Mertz and coworkers, this was soon followed by the discovery of another mutation, floury-2 (fl2) that 
also can alter endosperm nutritional quality (Vasal, 2002). These mutations, (soft, floury/opaque endosperm), alter 
the amino acid profile and composition of maize endosperm protein and result in a two-fold increase in the levels of 
lysine and tryptophan. The direct utilization of o2 in breeding programs was soon restricted due to the pleiotropic 
effects of this mutation i.e. soft endosperm that results in damaged kernels, increased susceptibility to pests and 
fungal diseases, inferior food processing and generally reduced yields. 

In developing countries farmers are accustomed to growing hard flints and dents, the kernel appearance of 
the opaques was a major barrier to their acceptance. The additional mutants reported were opaque-6, floury-3, and 
mucronate, several of these mutants have been experimentally tried, but none offered any additional advantage over 
o2 in maize breeding programs. This led to the recognition of ‘o2 endosperm modifier genes’, giving them a normal 
hard (vitreous) appearance instead of a soft, chalky nature. Paez et al. 1969 were the first to report on endosperm 
modification in o2 kernels (50% translucent and 50% opaque).  
 
Conversion of non-QPM materials into QPM: Conversions an innovative breeding procedure, as ‘modified back 
crossing-cum-recurrent selection’, was designed to efficiently handle the conversion program. The utility of three 
maize microsatellite markers that are o2 gene-specific (phi057, phi112 and umc1066) in molecular-marker assisted 
selection for o2 is currently being explored in the QPM breeding program at CIMMYT, Mexico. 
 
Table 1: The proportion of lysine and tryptophan in the total protein of non-QPM, QPM material, and the 
recommended protein proportion for children and adults. 
Content QPM (%) Non-QPM (maize 

flour)  
FAO recommendations (g/100 g total protein) 

Children  Adults 

Total Protein >9  
 

>9    

Lysine  
 

4.5 2.6  6.6  1.6 

Tryptophan 1 0.6 1.7 0.5 

Biological value 80% 45%   
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Protein efficiency 
ratio 

90 50   

Provitamin A 2.24 ug/g 2.24 ug/g   

 
Table 2: List of mutants affecting protein quality in maize 
Mutant Protein quality Protein quality Remarks 

Opaque-2 (o2) Spontaneous High Lys, Trp Reduced prolamine 

Opaque-7 (o7) Spontaneous High Lys, Trp Reduced prolamine 

Floury-2 (fl2) Spontaneous High Lys and S-amino acids Reduced prolamine 

Brittle-2  Spontaneous High Lys, Trp Modified starch, reduced prolamine 

 
Table 3: Yield range of QPM and non-QPM genotypes (Vivek, 2008). 
Type of Variety QPM Yield Range (t/ha) Non-QPM Yield Range (t/ha) 

OPVs and synthetics  2–7.3  >4 

Hybrids  
 

3–13.9  >5 

 
Table 4: Some recent QPM varietal releases in India 

Name  Type  Pedigree    Country 

Shaktiman-1 Three-way cross hybrid  (CML142 X CML150) CML176    India 

Shaktiman-2 Single-cross hybrid  CML176 X CML186    India 

HQPM1   India 

Vivek QPM9 Single-cross hybrid  India 

 

 
Fig. A comparative diagram showing Normal QPM, Soft QPM and Hard QPM. 
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CONCLUSION 
To meet the nutritional requirement among resource-poor people globally, it is important to develop and deploy 
improved, low-cost, affordable QPM hybrids, with higher grain yield and quality to provide better food and nutrition 
security of the maize-based population. In the coming years, there will be an increasing application of molecular 
genetic tools in QPM research and development.  
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Management of soil borne diseases in protected cultivation 
Article id: 23608 
Meera Choudhary 

Ph.D Scholar, Department of Plant Pathology, SKN College of Agriculture (SKNAU), Jobner-303-329, Jaipur, India 
 

Protected cultivation is an emerging technology for raising vegetables and ornamental crops. Flower crops (cut rose, 
carnation, chrysanthemum, gerbera, orchid, gladiolus, anthurium and lilies) and vegetables (tomato, capsicum chilli, 
lettuce, brinjal, bell pepper, black pepper, leafy vegetables and cucurbits) are mostly grown under protected 
cultivation. Due to controlled environmental conditions, dense population and relay cropping, incidence of soil borne 
pathogens are more. Among these, soil borne pathogens causes most serious diseases as they are difficult to 
eradicate once they establish in the soil ecosystem. Pythium spp., Phytopthora spp., Fusarium spp., Sclerotium spp., 
Ralstonia spp. are the major soil borne pathogens observed in protected cultivation.  
 

Protected cultivation: Cultivation of the crop in artificially controlled environment is known as protected cultivation.  
Soil borne pathogens: Pathogens which survive in the soil and cause diseases to the crop are known as soil borne 
pathogens. 
Soil borne diseases: Diseases which caused by the soil borne pathogen are know as soil borne diseases.  
 

Fungal and bacterial soil borne diseases of vegetables crops  

Crops Diseases Pathogen 

Tomato Fusarium wilt Fusarium oxysporum 

Bacterial wilt Ralstonia solanacearum 

Cruciferous Stalk rot Sclerotinia sclerotiorum 

Club rot Plasmodiophora brassicae 

Cucurbits Fusarium wilt F. oxysporum f. sp. Cucumerinum 
owen 

Bacterial wilt Eriwinia  tracheiphila 

Chilli and Bell pepper Phytophthora fruit rot and 
foot  rot 

Phytophthora capsici 

Bacterial wilt Ralstonia solanacearum 

Leafy vegetable Coriander wilt Fusarium oxysporum 

Root rot and damping off Pythium aphanidermatum 

Flower Crops Diseases Causal organism 

Rose Die back Diplodia rosarum 

Carnation Wilt F. oxysporum f. sp. dianthi 

Foot rot Phytopthora Sp., Pythium sp., 
Rhizoctonia solani, Sclerotinia 
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sclerotiarum. 

Gerbera Foot rot Phytopthora cryptogea 

Wilt Fusarium oxysporum 

Root rot Pythium, Sclerotium rolfsii and 
Rhizoctonia solani 

Anthurium Wilt Ralstonia solanacearum 

Black rot Phytopthora nicotianae var. 
parasitica 

Gladiolus Corm  rot Fusarium 

Chrysanthemum Wilt F. oxysporum f. sp. chrysanthemi 

Stem rot F. solani 

Root rot Pythium sp. and Phytophthora sp. 

Orchids Pythium rot Pythium ultimum 

Heart rot Phytophthora palmivora 

 

Reasons of severe incidence of soil borne diseases in protected cultivation  
1. Type of soil: Mostly sandy loam soil is preferred for the protected cultivation which is conducive for the pathogen 

too. Further, the carbon content of the greenhouse soil is high which also support the pathogen and make it 
disease supportive soil.    

2. Soil temperature: Soil temperature of the greenhouse remain optimum throughout the year, therefore, 
pathogen survive in the active form throughout the year.   

3. Soil moisture: Soil moisture in the protected cultivation remains favorable for the crop as well as pathogen.  
4. Percent organic matter present in soil: Organic matter in the well managed crop remains high which do favour of 

the pathogen.  
5. Cropping pattern: Continues cropping is followed which increase chances of diseases. 
6. Soil pH: General neutral pH is maintain in the protected cultivation which favour the pathogen.   
7. Conducive soil: Excessive applications of agrochemical damages the soil mycoflora/microflora and make soil as 

disease conducive soil.   
8. Agricultural implements: same agriculture implement is used field as well as geenhouses, which increase chances 

of transmission of diseases along with implements.  
 
Why Need For Management? 
Soil borne plant pathogen significantly reduces yield and quality. Pathogens are particularly challenging because their   
propagates are randomly distributed in soil and remain free from reach of fungicides for many years. Simultaneous 
infections from multiple soil borne pathogens sometimes result in a disease complex that can further damage the 
crop.Many diseases caused by soil borne pathogens are difficult to predict, detect and diagnose. Soil environment is 
extremely complex, making it a challenge to understand all aspect of diseases caused by soil borne pathogens.  
 
Strategies for the management of soil borne diseases in protected cultivation  
1. Avoidance: 
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a)    Proper selection of geographical area (Soil replacement) 
b)    Proper selection of the field  
c)    Adjusting time of sowing 
e)    Proper selection of seed and planting material  
2. Exclusion: 
a) Seed inspection and certification 
b) Plant quarantine regulation  
3. Eradication 
a. Rouging 
b. Eradication of alternate and collateral hosts 
c. Suppression of pathogenic microbes from the soil through soil sterilization by physical or   chemical method  
d. Crop rotation 
e. Crop sanitation  
f. Sanitation of microenvironment by application of disinfectant through fogger 
g. Manures and fertilizers (Balance application) 
h. Soil amendments (to make the soil suppressive for the pathogen by increasing population of   antagonistic 

microbes)  
4. Protection (Chemicals)  
5. Resistance 
6. Therapy  
7. Soil Solarisation in Protected Condition  
a. It’s a pre plant method for disinfecting soil for control of soil borne pathogens. Involves covering the soil with 

transparent plastic sheeting during an appropriate summer fallow period. The temperature higher than 40°C and 
45° C, at 5 cm and 10 cm depth. It captures solar energy and raises the temperatures in the soil to  levels lethal to 
many soil borne pests.  

b. General management strategy for control soil born diseases in protected cultivation  
c. Good sanitation practices 
d. Precaution should be taken by labour  
e. Sterilization of soil or potting media 
f. Seed treatment 
g. Irrigation and fertilizer application 
h. Regular monitoring of plant disease occurrence 
i. Solarization  
j. Biological control 
k. Chemical control 
l. Resistant variety 
m. Use of healthy planting material 
n. Use of organic manure and compost manure 
o. Protected cultivation is increasing in India due to its  merit to overcome seasonal barrier.  
p. Availability of the host and environmental conditions for the disease remain favorable throughout the crop 

season, therefore, incidence of diseases in protected cultivation is more and is difficult to control.  
q. Soil borne diseases viz., damping-off, wilt, root rot etc. are most common and causing enormous losses in 

protected cultivation.  
r. Cultural, biological and chemical management practices are promising techniques to reduces the disease 

however, it posses limited scope. Integrated disease management (IDM) strategies proved to be best for the 
management of these diseases. 
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Vermicompost:  Vermicomposting is the process of making natural organic fertilizers which were commonly available 
to the plants and environment friendly. In this process conversion of bio-degradable wastes into high quality manure 
through the use of earthworms (Eisenia foetida). Vermicompost is mainly excreta of earthworms, which is rich in 
humus and nutrients. Vermicompost is greatly humified through the fragmentation of the parent organic materials by 
earthworm colonization by microorganisms. Vermicompost have higher level of available nutrients like carbon 
nitrogen, phosphorous and potassium, calcium and magnesium derived from the wastes. 

Objective of Vermicomposting: 
 In agriculture, after making use of economic parts, large amount of biological yield is neglected in the form of waste. 
Agricultural wastes including food processing wastes are the by-products of various food industries that have not 
been recycled or utilized for other purposes. These Agri-horticultural wastes constitute a big problem in municipal 
landfills due to their high rate of biodegradability. Some other important agricultural waste results in the form of crop 
residues, weeds, undesired plant parts, leaf litter, bedding materials of animals, crop and livestock by-products. Such 
wastes are produced during the intercultural operations, harvesting or any other managerial practices. An estimated 
3.8 billion tons of crop residues is generated every year by the world’s agricultural sector. India alone generates 
about 620 million tons agricultural residue out of which more than half remains unutilized. Such wastes are generally 
burned in the field by farmers without considering its negative impacts that disturbs the soil physical, chemical and 
biological properties altering the microbial activities as well as causes an imbalance in agro ecosystem due to air 
pollution. 

Similarly, in town areas also produce green waste from garden or park. Waste from hedge trimming, flower cutting, 
domestic and commercial food waste, vegetable and fruit market waste which is accumulated randomly aggravate 
hygiene and sanitary condition of cities mostly in the developing countries. Besides this, huge amount of bio-
degradable waste is generated in the form of kitchen and household waste that poses a great challenge in waste 
management mainly in the urban areas. Therefore, we need an efficient management practices to overcome the 
problems. Hence, Vermicomposting become a good option to manage them. 

Materials required for preparation of Vermicompost: 
The important inputs required for composting are any types of biodegradable wastes such as crop residues, weed 
biomass, leaf litter, vegetable waste, house-hold waste, hotel refuse, and waste from agro-industries, cow dung, 
biogas slurry, biodegradable portion of urban and rural wastes and earthworms sp. such as Eudrilus eugeniae, Eisenia 
foetida, Eisenia Andrei, Perionyx excavates, Perionyx sansibaricus etc. And the five essential commodities are a 
hospitable living environment, usually called “bedding”; a food source; adequate moisture; adequate aeration and 
protection from temperature extremes, act as significant factors for improving the quality of produce. 

Procedure of Vermicomposting: (Flow chart) 
To prepare compost, either a plastic or a concrete tank can be used. The size of the tank depends upon the 

availability of raw materials. 
↓ 

Collect the biomass and place it under the sun for about 8-12 days. Now chop it to the required size using the cutter. 
↓ 

Prepare cow dung slurry and sprinkle it on the heap for quick decomposition. 
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↓ 
Add a layer (2-3 inch) of soil or sand at the bottom of the tank. 

↓ 
Now prepare fine bedding by adding partially decomposed cow dung, dried leaves and other biodegradable wastes 

collected from fields and kitchen. Distribute them evenly on the sand layer. 
↓ 

Continue adding both the chopped bio-waste and partially decomposed cow dung layer-wise into the tank up to a 
depth of 0.5-1.0 ft. 

↓ 
Once, after adding all the bio-wastes, release the earthworm species over the mixture and cover the compost 

mixture with dry straw or gunny bags. 
↓ 

Sprinkle water on a regular basis to maintain the moisture content of the compost. 
↓ 

Cover the tank with a thatch roof to prevent the entry of ants, lizards, mouse, snakes, etc. and protect the compost 
from rainwater and direct sunshine. 

↓ 
Have a frequent check to avoid the compost from overheating. Maintain proper moisture and temperature. 

 
Table (1): Nutrient composition of Vermicompost and compost: 

Nutrient element Vermicompost (%) C Compost (%) 

Organic carbon 10-14 12 

Nitrogen 0.51-1.6 0.8 

Phosphorus 0.19-1.02 0.4 

Potassium 0.15-0.73 0.5 

Calcium 1.18-7.61 2.2 

Magnesium 0.093-0.568 0.5 

Sodium 0.06-0.16 < 0.01 

Zinc 0.0042-0.011 0.0012 

Copper 0.0026-0.0048 0.0017 

Iron 0.2050-1.3313 1.1690 

Manganese 0.0105-0.2038 0.0414 

Source: *Based on vermicompost analysis in Kadapa, Nalgonda, Anantapur etc clusters. 
Source: (Srinivasarao et al. 2011) 

CONCLUSION: Vermicomposting technology is an old age practice in India and a well-known technology throughout 
the world. Vermicomposting is a cost effective knowledge to produce high quality manure from bio-degradable solid 
wastes with the help of earthworms. Therefore it has a great role in waste management and in promoting organic 
agriculture. Unnecessary crop residues and threatening crop weeds can be utilized as substrates for 
Vermicomposting to produce a nutrient rich soil conditioner. Vermicomposting of crop residues, leaf litter and weeds 
can be an effective solution to waste and weed management in the farm, forest and urban areas. Besides this, it can 
be an immense source for the much needed organic fertilizer. However, there are still many research gaps that need 
to be addressed such as insufficient scientific study on enhancing the growth rate of earthworms as well as scientific 
management practices in the process of vermicomposting. 
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Just like all living material fruits and vegetables vary greatly from one species to another, from one cultivar to 
another. The ability to withstand cold storage varies according to species and cultivars and the choice of these is 
very important; late varieties are usually best. Differences in the rate of loss of water, in the incidence of 
physiological damage, in the fungal attack, in the ability to withstand rough handling, etc. 

 
INTRODUCTION  
All fruits and vegetables are fundamentally different from most other products, which is cold stored in the fresh 
(unfrozen) state, in that they are living. They respire; thus suitable ventilation must be provided. During cold storage, 
they undergo characteristic changes, of senescence, and of ripening of fruits. All living material, fruits, and vegetables 
vary greatly from one species to another, from one cultivar to another, and between individual examples of the same 
cultivar. There has been an attempt to avoid giving too optimistic storage periods, in the tables, since the objective is 
not just to keep the product alive, but also to keep it in a satisfactory commercial condition.  The ability to withstand 
cold storage varies according to species and cultivars and the choice of these is very important; late varieties are 
usually best. Differences in the rate of loss of water, in the incidence of physiological damage, in the fungal attack, in 
the ability to withstand rough handling, etc., are some of those to be considered. The second factor, which is 
important in determining if a given product will tolerate cold storage, is the stage of development at the beginning of 
storage. Clearly, notice must be taken of any pre-storage treatments, in the field or orchard, and of steps taken at the 
time of harvest, packaging, and rapidity of transport to the cold store, etc.   

 
Practical Operations before Cold Storage 
1. Packaging:  
 Packages (boxes, crates, cartons, etc.) play a protective role against mechanical handling, dust, insect sand infection 
by fungi, and they can also diminish the rate of loss of water, or hinder gaseous exchange and thus modify the 
composition of the atmosphere around the produce. Pre-packaging, which is maintained up to the point of 
consumption has in particular the advantage of maintaining a high relative humidity around the produce, and thus to 
preserve their appearance and freshness; weight loss is reduced and the commercial life is increased (carrots, radish, 
lettuce, etc.). Perforated packages (for apples and pears) allow a certain amount of ventilation, limiting the risk of 
fermentation and accumulation of carbon dioxide (CO2) and ethylene. Washing (e.g. of carrots) may be 
recommended for some vegetables. The use of fungicides is limited by regulations, which vary widely from one 
country to another, and this must therefore be taken into account. The risk of sprouting of potatoes or onions may 
also be reduced by suitable chemical treatments or by irradiation, provided that local regulations permit. Finally, hot 
water may sometimes have a protective role (e.g. for papaws). A covering of wax has been recommended for some 
special cases (citrus, turnips, cucumbers, and tomatoes), and fungicides are sometimes incorporated in the wax.  
2. Pre-cooling:  
As long as the temperature remains high, transpiration, respiration and the various metabolic processes in the fruits 
and vegetables will be intense, thus, in general, leading to very rapid changes. Thus it is necessary to cool the produce 
as rapidly as possible; this reduces loss of water and slows down or inhibits development of micro organisms. Once 
cooled, the produce must be continuously held at low temperature. The main methods of precooling are: by vacuum, 
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hydro cooling by immersion or spraying with cold water, blast cooling in a current of cold air, or a combination of 
hydro cooling and blast cooling (hydrair cooling), using a current of air containing a fine mist of water, and finally 
cooling by contact with ice. Vacuum cooling is mainly used for leaf vegetables such as spinach, lettuce, celery, 
parsley, etc. Hydro cooling is suitable for melons, peaches, cherries, sweet corn, etc. Blast cooling is used for many 
products, e.g. strawberries, grapes, cauliflower, etc.  

 
3. Storage conditions:  
This is particularly important if the produce produces much heat, e.g. asparagus, or peas. Storage of different kinds of 
produce in the same room is possible if they all tolerate the same temperature or if they do not influence each other, 
either by tainting or accelerating ripening. Fats should never be stored in the same room as fruits, onions, potatoes, 
etc.The principal parameters of the conditions in the cold store are the temperature of the air, its humidity, the 
composition of the atmosphere, the speed of movement of the air and the amount of ventilation, as well as the 
surface temperature of the evaporator. 

 
4. Storage in air:  
The biological activity of the produce depends on its temperature, not on that of the air, measured at a certain point 
in the room. The initial rate of cooling is important, and should be as rapid as possible. Thus if one needs to keep a 
wide range of fruits and vegetables in a few chambers, they must be separated into suitable groups, e.g. at 0°C: 
pears, apples, stone fruits, grapes, berries, green beans, roots; at 7°C: mandarins, oranges, ripe pineapples, coloured 
tomatoes, potatoes, cucumbers, green beans, papaws, avocados; at 12°C: more sensitive produce such as lemons, 
grapefruit, bananas, green pineapples, green tomatoes, mangoes, etc. If the desired storage period is short, however, 
the temperature could well be moderately higher or lower, with no great undesirable effect. Short storage at 5°C to 
7°C has the advantage that there is not much surface condensation on return to ordinary temperatures. 

 
5. Controlled (C.A.) or Modified Atmosphere (M.A.) Storage:  
Among the processes, which give a favourable effect, additive to that of low temperature, should be included C.A. 
storage. This consists of reduction of the concentration of oxygen and/or increase in the concentration of CO2 around 
the produce.  Several types of atmosphere are used, with intermediate variability:   The sum of the concentrations of 
CO2 and O2 is 21 %, as in air;  The sum of the two concentrations is below 21 % (e.g. 2, 4);  The oxygen remains very 
high, and CO2 is very low or absent (carrots, oranges);  CO2 is added, in high concentration, to air (chestnuts). Either 
the concentrations are rigorously controlled and kept as constant as possible (controlled atmosphere, properly 
speaking), or they may be modified in a less strict fashion to provide a more favorable atmosphere ("modified 
atmosphere") used in transport. The rooms used must be as gas-tight as possible, with impermeable wall finishes. 
Regulation of the desired atmosphere needs special equipment (chemical absorption of CO2, reduction of 
concentration of oxygen in a catalytic burner, selective diffusion of the gases across a plastic film diffuser, etc.). On 
the small scale, C.A. storage may be obtained by utilizing the selective permeability to gases of sealed plastic bags.  
 
6. Ripening of fruits after storage, and their shelf life at ordinary temp.: 
Plums, Pears and peaches do not ripen at 0°C; at the end of the permissible storage life, they will ripen if the 
temperature is sufficiently increased. The optimum temperature and the duration of the ripening depend on the 
length of storage at low temperature 
 
The most some storage disorders  

The most important disorders, apart from shrivel (too dry an atmosphere), freezing (too low a temperature), 
and tainting by incompatible produce, are microbial development and physiological injury. Microbial damage may be 
caused by bacteria (carrots, lettuce), but it is more often due to fungi (yeast, and filamentous fungi such as 
Penicillium, Batrytis, Mucor, etc.). Infection may spread easily from damaged organ to neighbouring organs, due to 
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abundance of spores, especially if conditions are warm and humid, and if the produce is senescent, mechanically 
damaged, rich in sugar, etc.   
 
Pre-packaging  

The pre-packaged fresh produce should only be stored for very short periods and thus, strictly, is outside the 
terms of these recommendations. At present, it is probably safer not to use plastic containers or bags, which are 
completely sealed, but to have sufficient perforations in the plastic; otherwise increased losses may appear from 
mould attack, due to high humidity in the package, if fungicidal treatment has not been applied, or from too high 
concentrations of carbon dioxide and other products of metabolism. The use of box liners, for instance, for apples 
and pears may be useful.   
  
CONCLUSION  

After produce is harvested, growers must follow proper management techniques and procedures given in 
this document to offer a fresh and good-looking product to the wholesaler, retailer and consumer, and to get the 
maximum return on their investment. Proper management and handling practices require a reduction in produce 
temperature to maintain quality and market value. 
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The heat stress during the grain filling stage is the most limiting factor for wheat, productivity in as about a third of 
the wheat area in the Indian Indo-Gangetic Plains is sown late. These risks can reduce yields by more than fifty 
percent even with good management. In addition, progressive climate change has already affected the region, 
making adaptation to heat stress a quickly near and long term priority for ensuring regional food security. Some 
common heat stress adaptation strategies include the stress avoidance by ensuring flowering during a relatively 
cooler period, either agronomically through changing planting dates or genetically by modifying phenological 
patterns. Decrease exacerbation of heat stress effects by avoiding nutrient or water deficiency through good 
agronomic management and via genetic adaptation. 

 
INTRODUCTION  
Wheat has been the stuff of life for millions of people right from the dawn of history. Nowadays, wheat, a second 
major staple food crop, providing around 20% of calories and proteins in the human diet, therefore, contributes 
significantly to Indian food and nutritional security. High temperature is a major environmental factor that limits the 
production and productivity of wheat in most cereals growing areas of the world. So, today, wheat production in 
India is a gamble in temperature. The cultivation of wheat is limited by the high temperatures at both ends of the 
cropping season. Approximately, 3 mha areas in northeastern and northwest plain zones is exposed to terminal heat 
stress, which at the grain filling stage block the synthesis and mobilization of photosynthetic and resulting in 
considerable yield loss. Comprehensive temperatures have increased since the beginning of the century and are 
predicted to continue rising under changing climatic conditions. Such a rise in temperature may impose a severe 
threat to wheat production in India. Increasing productivity, while simultaneously reducing the adverse temperature 
impact is a major challenge before wheat production. Hence, there is an urgent need to adopt suitable management 
strategies to avoid temperature-driven production and productivity loss in wheat. 
 
Heat Stress and its Effect on the Different Stages of Wheat Production  
Supra-optimal temperature occurring at any plant growth stage that can result in ≥10% yield loss.Increased frequency 
of extreme high temperatures of short duration, without much difference in the average temperature is more 
devastating. This is typically characterized by accelerated plant development resulting in reduced photosynthetic 
area, plant biomass, seed set and harvest index. Flowering and pollination stage in wheat are most temperature 
sensitive. Heat stress is major threat in the eastern Indo-Gangetic plains like Bihar and eastern Uttar Pradesh, where 
cool season is of short duration. In these regions during early March the crop often gets hit by high temperatures 
stress which coincides with grain filling stage. In western Indo Gangetic Plains wheat is normally sown late in basmati 
rice-wheat, cotton-wheat, sugarcane-wheat, potato-wheat and pigeon pea-wheat crop rotations and suffers from 
terminal heat stress. 
 
Effect of Heat stress on Wheat crop  
The ambient temperature higher than optimum temperature (22-24°C) reduces the vegetative growth, development 
and seed or grain setting in wheat. Even in short period of high temperature in the middle of the day can reduce grain 
yield considerably, when it occurs during the flowering and grain filling growth stages. Heat stress have following 
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impacts on crops: (a) High temp. at sowing causes inhibition of seed germination and seedling growth and 
development. Emerging seedlings can rapidly become desiccated with dried or dead leaves if soil temperature is 
considerably higher. (b) Elevated temperature during pollination stage leads to decreased level of pollen shed, pollen 
reception on stigma, pollen tube growth, pollen sterility fertilization, and seed set and (c) The crop establishment, 
heat will accelerate development and reduce leaf area, which reduces the capacity to intercept light. Heat stress 
through metabolic limitations and oxidative damage to chloroplasts triggers premature leaf senescence with 
concomitant reductions in photosynthetic rate, dry matter accumulation and grain yield. 
 
Terminal Heat Stress to Address Agronomic Strategies in Wheat 
Suitable sowing date:  
Late wheat sowing exposes the maturing crop to the terminal heat stress. Wheat yield is reduced approximately 50 
kg/ha per day if planting occurs after mid November. So advancement in wheat sowing date (before November 15) is 
most promising and low-cost mechanisms for farmers to avoid terminal heat stress. Many times farmers cannot plant 
before November 15th because their rice has not yet been harvested.  
 
Irrigation management:  
Elevated temperature injure is commonly connected with water stress, so proper crop water management is vital. 
Field crops provided with sufficient water can transpire freely. So, as a consequence of evaporative cooling, canopy 
temperature may be 5°C lower than ambient temperature. That’s why plants with enough water availability can cope 
up with high temperature. Providing irrigation with sprinklers may replenish soil moisture as well as modify micro-
climate and have cooling effects on wheat. 
(i) Zero tillage:  
Sowing of wheat seed directly into untilled soil and crop residues in a single tractor pass, allows for a drastic 
reduction in tillage intensity, resulting in significant cost savings as well as potential gains in wheat yield through 
earlier planting of wheat. About one third of the wheat area in the Indian Indo-Gangetic Plains is sown late often 
linked to late maturing Basmati rice in the northwestern Indo-Gangetic Plains and generally late rice harvesting in the 
eastern plains. In these regions zero till wheat planting potentially would alleviate late wheat sowing problem by 
allowing for timelier establishment. 
(ii) Residue retention:  
Water availability in soil profile is an important factor to reduce heat stress. Residues left on the surface conserve soil 
moisture by reducing soil evaporation and ensure continuous water supply to crop. This result in, enhanced 
transpiration and cooling effect on crop canopy thus avoiding terminal heat stress.  
 
Selection of varieties:  
The heat stress can be minimized by growing early maturing or heat stress tolerant wheat varieties. Bread wheat 
genotypes HUA 543, GW 190, HI 1418, Raj 4014, Raj 4027, Raj 4000, PBW 497, HD 2285, etc. are promising under 
heat stress condition. Durum wheat cultivar Raj 1555 HI 8381, and HI 8498, produces higher yield than bread wheat 
when sown very late (heat stress conditions). Terminal heat tolerant wheat varieties for conservation agriculture: 
(i) Wheat: HD 3117: It is suitable for late sown irrigated conditions under conservation agriculture environment. 

Average yield of this variety under late sown (after 15th Dec.) is 4.78 t/ha under tilled condition and 4.79 t/ha 
under conservation agriculture condition and  

(ii) HDCSW 18: This variety is suitable for early sown irrigated conditions under conservation agriculture. It is 
resistant to high temperature at seedling stage. It escapes high temperature at maturity due to early seeding. 
Average yield of this variety is 6.28 t/ha.  
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Nutrient management   
Plant nutrients play a greater role in improving the temperature stress tolerance. Temperature stress results in 
increased generation of the reactive oxygen species (ROS) due to energy accumulation in stressed plants which 
increases the photo-oxidative effect and damage the chloroplast membrane. Application of nutrients like N, K, Ca and 
Mg reduce the toxicity of ROS by increasing the concentration of antioxidants like superoxide dismutase, Catalase 
and peroxidise in the plant cells. These antioxidants scavenge the ROS and reduce the photooxidation and maintain 
the integrity of chloroplast membrane and increase the photosynthetic rate in the crop plants. Nutrients like K and Ca 
improve intake of water which helps in stomatal regulation and enhances the temperature stress tolerance by 
maintaining the plant body temperature. The micronutrients like B, Mn and Se alleviate the adverse effects of 
temperature stress by activating the physiological, biochemical and metabolic processes in the plants.   
  
CONCLUSION  
The heat stress is one of the major factors affecting the production and productivity of wheat in India and is getting 
more severe with change in climate. However, the effect of heat stress can be minimized by adopting improved 
agronomic management practices and exploiting genetic advances. Nevertheless, the long term solution to heat 
stress cannot be found in any single technology; it must draw from several approaches, including adjustments to 
management practices, selection of heat tolerant varieties, and residue application cum zero till farming, efficient 
irrigation and nutrient management technology. 
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The agricultural drought is the lack of ample moisture required for normal plant growth and development to 
complete the life cycle. The scarcity of water is a severe environmental constraint to plant productivity. Drought-
induced loss in plant growth and crop yield probably exceeds losses from all other causes, since both the severity 
and duration of the stress are critical. We have simply mentioned the effects of drought stress that a plant faces 
during the growth. The main consequences of drought in crop plants are reduced rate of cell division and 
expansion, stem elongation, leaf size, and root proliferation, and disturbed stomatal oscillations, plant water and 
nutrient relations with diminished crop productivity, and water use efficiency. 

 
INTRODUCTION  
Crop plants are exposed to several environmental stresses, all affecting plant growth, and development, which 
consequently hampers the productivity of crop plants. Drought is considered the single most devastating 
environmental stress, which decreases crop productivity more than any other environmental stress. Drought severely 
affects plant growth and development with substantial reductions in crop growth rate and biomass accumulation. 
The main consequences of drought in crop plants are reduced rate of cell division and expansion, leaf size, stem 
elongation, and root proliferation, and disturbed stomatal oscillations, plant water and nutrient relations with 
diminished crop productivity, and water use efficiency. The rate of photosynthesis is reduced mainly by stomatal 
closure, membrane damage, and disturbed activity of various enzymes, especially those involved in ATP synthesis. 
Plants display a range of mechanisms to withstand drought, such as reduced water loss by increased diffusive 
resistance, increased water uptake with prolific and deep root systems, and smaller and succulent leaves to reduce 
transpirational loss. Plant drought stress can be managed by adopting strategies such as mass screening and 
breeding, marker-assisted selection, and exogenous application of hormones and osmoprotectants to seeds or 
growing plants, as well as engineering for drought resistance.   

Sign of Drought in Plants  
Plant roots can sign (warning) that they are under water stress and they experience it before the leaves’ stomata are 
closed. The sign is abscisic acid (ABA) hormone that is produced as a result of stress in the root tip. In this respect, 
there is general agreement that the most important plant hormone, abscisic acid is a major role in the life cycle of 
plants and many important physiological processes. 
 
Impact of Drought Stress  
Shortage of water supply at any growth stage poses detrimental effects on crop growth and development in general 
but varies depending on the severity of stress and the crop growth stage. According to Ghatak et al. (2017)  
 
Various other effects of drought stress on morphological, physiological, and biochemical processes in plants are 
discussed below: 
1. Drought also decreases leaf area owing to loss of turgor and reduced numbers of leaf.  
2. Drought also suppresses leaf expansion and tillering and reduces leaf area due to early senescence.  
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3. Drought strongly affects crop phenology by shortening the crop growth cycle with a few exceptions. It is the 
study of different growth and developmental events in crop plants with respect to time.  

4. Cell division and cell enlargement are affected under drought owing to impaired enzyme activities, loss of turgor, 
and decreased energy supply.  

5. Drought occurs during the vegetative period of crop growth may substantially decreases economic yield.  
6. The increase in drought conditions, accumulation of salts and ions in the upper layers of the soil around the root 

cause osmotic stress and ion toxicity.  
7. Drought stress during reproductive and grain filling phases are more devastating. Drought at flowering stage 

increases the rate of ear abortion due to a decline in assimilate supply to developing ears. 
 
CONCLUSION  
The water deficit reduces plant growth and development and yield, leading to the production of smaller organs, and 
hampered flower production and grain filling. In the grain filling occurs due to a decrease in the accumulation of 
sucrose and starch synthesis enzymes. Timing, duration, severity and speed of development undoubtedly have 
pivotal roles in determining how a plant responds to water deficit. Being very complex, the drought tolerance 
mechanism involves a number of physiological and biochemical processes at cell, tissue, organ and whole-plant 
levels, when activated at different stages. 
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INTRODUCTION 
Organic farming is a production system which avoids or largely excludes the use of synthetically compounded 
fertilizers, plant growth regulators, pesticides, genetically modified organisms, and livestock food. The large extent, 
the possible organic farming system relies upon crop rotations, animal manures, use of crop residues, off-farm 
organic wastes, green manures, legumes, biofertilizers, mechanical cultivation, mineral-bearing rocks and aspects of 
biological control to maintain soil productivity and tilth to supply plant nutrients and to control insect and pests, and 
weeds. Organic methods can increase farm productivity, repair decades of environmental damage and knit small 
farm families into more sustainable distribution networks leading to improved food security if they organize 
themselves in production, certification and marketing. During last few years an increasing number of farmers have 
shown lack of interest in farming and the people who used to cultivate are migrating to other areas. Organic farming 
is one way to promote either self-sufficiency or food security. Use of massive inputs of chemical fertilizers and toxic 
pesticides poisons the land and water heavily. The after-effects of this are severe environmental consequences, 
including loss of topsoil, decrease in soil fertility, surface and ground water contamination and loss of genetic 
diversity 
 
The most important advantages of organic farming:  

1) Reduces the cost of agricultural production and also improves soil health. 
2) This helps to maintain environmental health by reducing the level of pollution. 
3) To reduces human and animal health hazards by reducing the level of residues in the product. 
4) This not only saves energy for both animals and machines but also reduces the risk of crop failure. 
5) This improves the soil's physical properties such as granulation, good tilth, good aeration, easy root 

penetration and improves water-holding capacity and reduces erosion. 
 
The Nutrient management in organic farming 
The organic farming, it is important to constantly work to build a healthy soil that is rich in organic matter and has all 
the nutrients that the plants need. Several methods viz. green manuring, the addition of manures and biofertilizers, 
etc can be used to build up soil fertility. Organic sources not only add different nutrients to the soil but also help to 
prevent weeds and increase soil organic matter to feed soil microorganisms. Soil with high organic matter resists soil 
erosion, holds water better and thus requires less irrigation. However, soil improvement and water should contain 
minimum heavy metals. Most of the organic fertilizers used are recycled by-products from other industries that 
would otherwise go to waste. Different available organic inputs are described below: 
 
Bacterial and fungal bio-fertilizers 
The contribution of the biological fixation of nitrogen on the surface of the earth is the highest (67.3%) among all the 
sources of N fixation. Following bacterial and fungal biofertilizers can be used as a component of organic farming in 
different crops. 
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i. Rhizobium: The effectiveness of symbiotic N2 fixing bacteria viz. Rhizobia for legume crops eg. Rhizobium, 
Bradyrhizobium, Sinorhizobium, Azorhizobium, and Mesorhizobium, etc have been well recognized. These 
bacteria infecting legumes have a global distribution. These rhizobia have an N2-fixing capability up to 450 kg N 
ha–1 depending on host- plant species and bacterial strains. Carrier-based inoculants can be coated on seeds for 
the introduction of bacterial strains into the soil. 

ii. Azotobacter: N2 fixing free-living bacteria can fix atmospheric nitrogen in cereal crops without any symbiosis. 
Such free-living bacterias are Azotobacter sp. for different cereal crops; Acetobacter diazotrophicus and 
Herbaspirillum spp. for sugarcane, sorghum and maize crop. Besides fixing nitrogen, they also increase 
germination and vigour in young plants leading to an improved crop stand. They can fix 15-20 kg/ha nitrogen per 
year. Azotobacter sp. also has the ability to produce antifungal compounds against many plant pathogens. 
Azotobacter can biologically control the nematode diseases of plants also. 

iii. Blue green algae (BGA): BGA is the pioneer colonizer both in the hydrosphere and xerosphere. These organisms 
have been found to synthesize 0.8 x 1011 tonnes of organic matter, constituting about 40 percent of the total 
organic matter synthesized annually on this planet. BGA constitute the largest, most diverse and widely 
distributed group of prokaryotic microscopic organisms that perform oxygenic photosynthesis. 

iv. Phosphorus-solubilizing bacteria (PSB): Phosphorus is the vital nutrient next to nitrogen for plants and 
microorganisms. This element is necessary for the nodulation by Rhizobium and even to nitrogen fixers, Azolla 
and BGA. The phosphor microorganism mainly bacteria and fungi make available insoluble phosphorus to the 
plants. It can increase crop yield up to 200-500 kg/ha and thus 30 to 50 kg Super Phosphate can be saved. Most 
predominant phosphorus-solubilizing bacteria (PSB) belong to the genera Bacillus and Pseudomonas. At present, 
PSB is the most widely used bio-fertilizer in India. PSB can reduce the P requirement of crop up to 25%. 

 
The weed management in organic farming 
Organic farming, chemical herbicides cannot be used. So weeding can be done only manually. Different cultural 
practices like tillage, flooding, mulching can be used to manage the weeds. Besides, the biological method can be 
used to manage the loss due to weeds. When the ground is fallow, a cover crop can be planted to suppress weeds 
and build soil quality. The weeds growth can also be limited by using drip irrigation whenever possible, which restricts 
the distribution of water to the plant line. 
 
Management of Diseases in organic farming 
The plant diseases are major constraints for reductions in crop yield and quality in organic and low input production 
systems. Proper fertility management to crops through a balanced supply of macro and micronutrients and the 
adoption of crop rotation has shown to improve the resistance of crops to certain diseases. Thus one of the biggest 
rewards of organic farming is healthy soil that is alive with beneficial organisms. These healthy microbes, fungi, and 
bacteria keep the harmful bacteria and fungi that cause disease in check. 
 
Insect and pest management 
In organic farming, the presence of pests is anticipated in advance & accordingly the planting schedules and locations 
are adjusted as much as possible to avoid serious pest problems.  The main strategy to combat harmful pests is to 
build up a population of beneficial insects, whose larvae feed off the eggs of pests.  The key to building a population 
of beneficial insects is to establish borders around fields planted with blends of flowering plants that the beneficial 
insects particularly just like. Then periodically beneficial insects are released into the fields, where the host crops 
serve as their home base and attract more beneficial insects over time.  
 
Implications and Limitations of Organic farming 
(1) The organic manure is not abundantly available and on plant nutrient basis it may be more expensive than 
chemical fertilizers if organic inputs are purchased.  
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(2) The marketing of organic produce is also not properly streamlined. There are a number of farms in India that have 
either never been chemically managed/cultivated or have converted back to organic farming because of farmers’ 
beliefs or purely for the reason of economics.  
(3) In drylands, covering over 65% cultivated area in India, the application of chemical fertilizers and pesticides is 
always low. So these areas are at least “relatively organic by default and a portion of these lands can be converted 
easily to an organic one to provide better yields/returns. India can greatly benefit from the export of organic foods 
but needs to seriously devote attention to market intelligence regarding which product to grow, where to sell, 
distribution channels, competition, marketing access, etc. Presently, good awareness exists among farmers, 
researchers and policymakers about organic production but a lot more need to be done to streamline production, 
certification, and marketing of organic produce.  
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INTRODUCTION  
Weed management continues to be one of the biggest challenges for organic field crop producers. Weeds can be 
considered a significant problem because they tend to decrease crop yields by increasing competition for water, 
sunlight, and nutrients while serving as host plants for pests and diseases. Weeds can always be pulled or cut, but the 
question is simply how much time and money can a grower expend to reduce weed pressure. Ideally growers would 
like to achieve level of zero weeds on the farm. In practice, this may not be achievable, but any reduction in weeds 
and in the amount of weed seed or perennial propagules reaching the soil will make subsequent weed control 
operations less expensive. The cultural practices used in crop production (For instance, using transplants, pre 
emergent, flaming of weeds, pre-germination of weeds) often provide opportunities for the crop gain. The goal is for 
the crop to outcompete the weeds, reducing the availability of resources to the weeds. If it can be given the crop a 
competitive advantage through organically acceptable techniques, subsequent hand weeding operations and costs 
can be minimized. The following are common techniques available to organic growers to manage weeds in crop 
production operations.  
 
Some Most Important Cultural Practices 
Pre-germination of weeds:  
The newly germinated weeds can be killed by light cultivation of flaming. pre-germination should occur as close as 
possible date of planting to ensure that change in weather condition do not have an opportunity to change the 
spectrum of weeds (cool vs. warm season) in the field. 
 
Water management:  
The water management is key to controlling weeds in crop operations. There are a number of ways to careful 
irrigation management can help to reduce weed pressure on the crop. 
 
Planting to moisture:  
Another technique is similar to pre germination i.e. planting to moisture. After weeds are killed by cultivation, the top 
2 to 3 inches soil is allowed to dry and form dust mulch. At planting, the dust mulch is pushed away and large seeded 
crops such as corn and beans can be planted into the zone of soil moisture. These seeds can germinate, grow and 
provide partial shading of the soil surface without supplemental irrigations that would otherwise provide for an early 
flush of weeds.  
 
Drip irrigation: 
Drip tape buried below the surface of the planting bed can provide moisture to the crop and minimize the amount of 
moisture that is available to weeds closer to the surface. If properly managed, this technique can provide significant 
weed control during periods without rain. 
 
The Crop Competition  
Crop that grows vigorously can often out compete weeds. Weeds grow best where competition is sparse, for 
instance, between rows or gaps in a crop stand. Crops that are well adapted to their planted areas are often better 
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competitor since they will tend to occupy a site rapidly. The increase in the density of the crop by decreasing the in-
row spacing or by reducing the space rows it will improve the crop competitiveness. A close planted crop will close 
the canopy more rapidly, reducing the weeds ability to compete. Some crop (Tomato, bean and sweet corn) compete 
effectively with weeds if given an early competitive advantage. The use of transplants give the crop an advantage 
over the weeds because transplants enter the field larger and more developed that the weeds. With help from 
subsequent cultivation or hand weeding operations, a transplanted crop can develop a full canopy and crowd out 
weeds.   
 
Decrease the Weed Seed  
Practices that reduce the production of weed seed also weed pressure and can help keep weeding costs down over 
time. In an ideal situation, no weed would be allowed to go to seed. Any that do go to seed can aggravate weed 
problems for many years to come. As an example, common perslane seed has been sown to remain viable for over 20 
year in soil, and black mustard seed survives for over 40 years. The longevity of weed seed, together with the large 
number of seed produced by individual plants can lead to the long-term build up of enormous seed banks in the soil. 
Highly competitive cover crops can also significantly reduce the seed bank. 
 
Cultivation  
Cultivation is probably the most widely used weed control method in organic crop production. Mechanical cultivation 
uproots and buried weeds. Burial works best on small weeds, while larger weeds are better controlled by destruction 
of the root–shoot connection or by slicing, cutting or turning the soil to eliminate the root system’s contact with soil. 
Cultivation is effective almost against all weeds, with the exception of certain parasitic forms such as dodder. 
Effective cultivation must precisely and accurately target weed-growth areas, and so requires good land preparation 
and bed shaping. Shallow cultivation is usually best, since it brings fewer weed seeds to the surface. Level beds allow 
more precise depth of tillage. Cultivation requires relatively dry soil; subsequent irrigations should be delayed long 
enough to prevent the weeds from re-rooting. In addition, cultivation should be carried out early enough in the 
growth cycle to kill weeds such as burning nettle and perslane that set seed early in the growth cycle.  
 
Mulches 
Mulching is another weed control measure, a mulch block light, preventing weed germination and growth. The 
materials that can be used as mulches are varied and include plastic and organic materials such as municipal yard 
waste, wood chips, straw, hay, saw dust and newspaper. To be effective, mulch needs to block all light to the weeds, 
and some mulch materials require a thicker application layer that others to accomplish this. The most common colour 
for weed control plastic is black since it completely black light. More recently, a clear infrared transmitting plastic has 
been introduced. Organic mulches such as municipal yard waste, straw, hay and wood chips must be maintained in a 
layer 4 or more inches thick in order to block out light. Organic mulches break down over time and the originally 
thickness typically reduce by 60 percent after one year. Coarse green waste works better as mulch. Organic mulches 
are used for permanent crops, landscaping and non crop areas, although they are also very effective for transplanted 
vegetables. 
 
Flamers 
Flamers are useful for weed control. Propane fuelled models are the most common. Flaming does not burn weeds to 
ashes; rather the flame rapidly raises the temperature of the weed to more than 130oF. The sudden increase in 
temperature causes the plant cell shapes to expand, rupturing the cell walls for greatest flaming efficiency, weeds 
must have fewer than the true leaves. Flaming can be used prior to crop emergence in slow germinating crops. In 
addition, flaming can be used post emergence on crops. 
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Chemical Control  
Herbicides are chemicals that kill or suppress plants by affecting their physiological processes. Only a limited number 
of herbicides are organically acceptable, and these include contact materials such as acetic acid, citric acid, and 
solutions of sodium nitrate as well as preemergent material, corn gluten. Herbicides can be used for selective weed 
control by manipulating the timing of application or placement of material or by exploiting differences in the 
chemical tolerances of the crop and the target weed. Weeds that emerge before the crop can be killed with contact 
herbicides (acetic acid) these herbicides kill plants that have emerged, but have no residual activity on those that 
emerge later. Corn gluten is a pre-emergence material that is applied to the soil to suppress weeds as they 
germinate. Currently, the efficacy of these organically acceptable herbicides is marginal at best. 
 
Sterilization 
Soil sterilization in organic agriculture involves the use of heat or naturally generated biocides to kill weeds. Heat is 
applied as steam or by soil solarisation. In steam soil sterilization, the steam injected into the soil to kill weeds seeds. 
The large quantities of fuel and water required by this technique make it an expensive choice, so its use is limited to 
small acreages of high value crops and landscaping. Ozone is a naturally occurring biocide that is being researched for 
use as a soil sterilant. The ozone is generated mechanically and then injected into the soil. Ozone injection shows 
promise as a weed reduction tool, but it is unclear at this time whether this technique will be considered an 
organically acceptable practice.   
 
CONCLUSION 
Weed management in organic crop production requires an understanding of plant characteristics in relation to 
specific field conditions. This serves to provide producers with a reference point from which they can plan crop 
rotations and some varieties that are best suited for their individual situations. 
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Plant growth regulators (PGRs) are chemical substances that profoundly influence the growth and differentiation 
of plant cells, tissues and organs. PGRs function as chemical messengers for intercellular communication. In 
tomato, different growth regulators play a pivotal role in germination, root development, branching, flower 
initiation, fruiting, lycopene development, synchronization, and early maturation, parthenocarpic fruit 
development, ripening, TSS, acidity, seed production etcetera. To boost the tomato production in India these 
versatile resources greatly help the professionals and researchers. 

 
INTRODUCTION  
Tomato (Solanum lycopersicum L.) is worldwide known as “No. one processing vegetable” because of its demand not 
only in the processing sector but also as a vegetable and protective food. It has been originated in tropical America 
which includes Peru, Ecuador, Bolivia. It is widely employed in a cannery and made into soups, conserves, pickles, 
ketchup, sauces, juices, etc. The food value of tomato is very rich because of higher contents of vitamins A, B, and C 
including calcium and carotene. Tomato has a significant role in human nutrition because of its rich source of 
lycopene, minerals, and ß-carotene which are anti-oxidants and promote good health. Tomato contains organic acids 
like citric, malic and acetic acids which are found in fresh tomato fruit, promotes gastric secretion, acts as a blood 
purifier and works as an intestinal antiseptic. 

Plant growth regulators (PGRs) are used extensively in horticulture to enhance plant growth and improve 
yield by increasing fruit number, fruit set and size Induction of artificial parthenocarpy through the application of 
PGRs enable fertilization-independent fruit development that can reduce yield fluctuation in crops like tomato, 
pepper. In fact, the use of growth regulators had improved the production of tomato including other vegetables in 
respect of better growth and quality which ultimately led to generate interest between the scientists and farmers for 
commercial application of growth regulators. Keeping in view, this review paper is enlisted to summarize the 
importance of growth regulators in tomato cultivation. 
 
Gibberellic acid (GA) role on the tomato  
GA is a group of plant hormones responsible for growth and development. Chemically speaking, gibberellins are 
actually acids. They are produced in the plant cell's plastids, or the double membrane-bound organelles responsible 
for making food, and are eventually transferred to the endoplasmic reticulum of the cell, where they are modified 
and prepared for use. 
 
Gibberellic acid (GA) role on the growth of tomato  
GA stimulates cell elongation and causes plants to grow taller. GA also has a role in other plant processes, such as 
stem elongation, germination, flowering, and fruit ripening. Once a plant releases gibberellins, its cells begin a 
process of elongation. Since plants are composed of single cells stacked on top of one another, this elongation of 
thousands of individual cells results in the overall growth of the plant. GA application in the tomato plant helps in the 
synthesis of protein including various enzymes increases the rate of shoot elongation and photosynthetic capacity 
leading to total leaf area and leaf dry weight. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD:  e-Newsletter                                                 Volume 2 – Issue 5 – May 2020 
www.agrifoodmagazine.co.in 
ISSN:  2581-8317 

 

46 
 
 

 

Gibberellic acid (GA) role on the quality of tomato  
GA plays an important role in increasing fruit yield and extending shelf-life. GA application increased phosphorus 
accumulation in leaves and stems of tomato plants that were also responsible for required lycopene content in the 
fruit. GA increased proteins, soluble carbohydrates, ascorbic acid, starch and β-carotene in the tomato. Foliar 
application of gibberellic acid significantly increased lycopene content of tomato fruits and thicker pericarp than 
pollinated fruits throughout its development and more in response to 2,4-D than GA. GA improved tomato fruit 
quality.  

 
Gibberellic acid (GA) role on the yield of tomato  
Tomato plants were sprayed with GA at 50 and 100ppm three times at unspecified intervals, the fruit setting 
increased by 5% with higher concentration and GA at 100ppm could appreciably increase fruit size. GA plays a role in 
controlling fruit setting, pre-harvest fruit drop and increasing fruit yield. It might be due to the GA enhanced fruit 
setting in tomato. Gibberellin induces cell division, cell elongation, cell enlargement and ultimately leads to 
significantly increases the fruit length, girth, and pulp-seed ratio. GA applications help in improvement in a number of 
fruits per cluster, fruit set, and marketable fruit number per plant and extended maturity time and harvest. They also 
observed an increase in leaf phosphorus, nitrogen, and potassium content in addition to increased lycopene content 
of tomato fruit when treated with GA. Even after the end of GA treatment, there was a positive effect on petal 
elongation and inflorescence stalk length both in wild type and pat mutants of tomato plants.  GA significantly 
increases growth characters, the yield of tomato. Gibberellic acid is an important growth regulator that may have 
many uses to modify the yield and yield contributing characters of plants. It is observed that the highest yield was 
recorded due to application of 30ppm gibberellic acid which was 26% higher than control. 
 
CONCLUSION 
GA positive effect on growth, quality, and yield. So spraying of gibberellic acid helps the farmer in cultivating tomato 
in adverse climatic conditions which can give good fruit yield by increasing vegetative and reproductive growth and 
reducing the flower and fruit drop. 
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PLANT GROWTH PROMOTING RHIZOBACTERIA (PGPR) - Types & mechanism 

Article id: 23616 
M. Subasri * 
*Ph.D Scholar, Department of Agricultural Microbiology, 
Tamil Nadu Agricultural University, Coimbatore- 03. 
 

Agriculture is the predominant occupation in India that employs more than fifty per cent  of the population directly 

or indirectly. In the current scenario of agriculture production and productivity, there is a need for increasing the 

farm productivity through integrated system which includes farm, nutrient, water, disease, pest etc. A meticulous 

approach towards agricultural growth by using microorganism which fills the gap between soil fertility and 

sustainable agriculture. There is a influential and beneficial interaction between the plants and the rhizobacteria 

results in increased plant growth and crop yield. The ecofriendly approach to increase crop production, health and 

commercialization by using of Plant Growth Promoting Rhizobacteria (PGPR) with global applicability. 

 

INTRODUCTION 

The term ‘rhizosphere’ was introduced by Hiltner. The major influences that the rhizosphere microorganisms have on 

plants today become important tool to sentry the health of plants in ecofriendly manner. Generally, about 2-5% 

rhizosphere bacteria are PGPR. When studying beneficial rhizobacteria, the original definition of PGPR generally used 

is it refers to the subset of soil and rhizosphere bacteria colonizing roots in a competitive  environment, e.g. in non-

pasteurized or non-autoclaved field soils. These microorganisms can effect plant growth often referred to as a plant 

growth promotory rhizobacteria. Moreover plant growth promoting rhizobacteria can reduce chemical fertilizers 

application and economically, environmentally beneficial for lower production cost as well as recognize the best soil 

and crop management practices to achieve more sustainable agriculture as well as fertility of soil.  

 
Fig 1: PGPR function in three different ways 

 

Plant Growth Promoting Rhizobacterial Forms 

Plant growth promoting rhizobacteria can be classified into two types; 

 Extracellular Plant Growth Promoting Rhizobacteria (Epgpr) And  

 Intracellular  plant growth promoting rhizobacteria (iPGPR) 
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ePGPR iPGPR 

Exist in rhizosphere, on the rhizoplane or in the 
spaces between the cells of root cortex 

Present inside the specialized nodular structures 
of root cells. 

Eg: Agrobacterium, Arthrobacter, Azotobacter, 
Azospirillum, Bacillus, Pseudomonas, etc. 

Eg: Rhizobiaceae includes Allorhizobium, 
Bradyrhizobium, Mesorhizobium and Rhizobium 
endophytes, Frankia  

        

 

 

Plant Growth Promotion: Mechanism of Action (Gupta et al., 2015) 

 
 

Direct Mechanism- Biofertilizer Activity 

Plant growth promoting rhizobacteria having direct mechanisms that facilitate nutrient uptake or increase nutrient 

availability by nitrogen fixation, solubilization of mineral nutrients, mineralize organic compounds and production of 

phytohormones. 

 

A) Nitrogen fixation: PGPR have the ability to to fix atmospheric nitrogen and provide it to plants by two 
mechanisms: Symbiotic and Non-symbiotic. The plant growth promoting rhizobacteria widely presented as 
symbionts are Rhizobium, Bradyrhizobium, Sinorhizobium, and Mesorhizobium with leguminous plants, Frankia 
with non-leguminous trees and shrubs. On the other hand, non-symbiotic nitrogen fixation is carried out by free 
living diazotrophs and this can stimulate non-legume plants growth such as radish and rice. Non-symbiotic 
Nitrogen fixing rhizospheric bacteria belonging to genera including Azoarcus, Azotobacter, Acetobacter, 

PGPR-
Mechanism 

Direct 

Biofertilizer 
Activity 

Indirect 

Biopesticide 
Activity 
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Azospirillum, Burkholderia, Diazotrophicus, Enterobacter, Gluconacetobacter, Pseudomonas and cyanobacteria 
(Anabaena, Nostoc). Inoculation by biological nitrogen fixing plant growth promoting rhizobacteria on crop 
provide an integrated approach for disease management, growth promotion activity, maintain the nitrogen level 
in agricultural soil. 

B) Phosphate solubilization: PGPR present in the soil employ different strategies to make use of unavailable forms 
of phosphorus and in turn also help in making phosphorus available for plants to absorb. The main phosphate 
solubilization mechanisms is expressed in  Fig 2. 

                                             

 
Fig 2: Phosphate solubilization mechanism 

 

C) Potassium solubilization: PGPR are able to solubilize potassium rock through production and secretion of organic 
acids. Potassium solubilizing plant growth promoting rhizobacteria such as Acidothiobacillus ferrooxidans, Bacillus 
edaphicus, Bacillus mucilaginosus, Burkholderia, Paenibacillus sp. and Pseudomonas has been reported to release 
potassium in accessible form from potassiumbearing minerals in soils.  

D) Siderophore production: Siderophores have been implicated for both direct and indirect enhancement of plant 
growth by PGPR.  

E) Phytohormone production: PGPR produce phytohormones such as auxins, cytokinins, gibberellins and Ethylene 
can affect cell proliferation in the root architecture by overproduction of lateral roots and root hairs with a 
subsequent increase of nutrient and water uptake. 

 

Indirect Mechanism - Biopesticide Activity 

PGPR led to reducing the need for agrochemicals (fertilizers and pesticides) for improve soil fertility by a variety of 

mechanisms that viz production of antibiotics, siderophores, HCN, hydrolytic enzymes, induced systemic resistance, 

bioflim, etc. 

A) Antibiosis: PGPR is well known for the production of lipopeptide, polyketide and volatile compound contributing 
to the biological control of diseases. 

B) Lytic Enzymes: PGPR strains produce certain enzymes viz., chitinases, dehydrogenase, β-glucanase, lipases, 
phosphatases, proteases etc reveal hyperparasitic activity by excreting cell wall hydrolases. Apart from 
hyperparasitic activity, it play significant role in plant growth promotion by protecting them from both biotic and 
abiotic stresses. 

C) Siderophore: Siderophore producing PGPR can prevent the proliferation of pathogenic microorganisms by 
sequestering Fe3+ in the area around the root which is subsequently released and active in cytoplasm; helps the 
plant  
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D) Induced Systemic Resistance (ISR): Biopriming the plants with PGPR provide systemic resistance against wide 
range of plant pathogens as it involves jasmonate and ethylene signaling which stimulate plant defence. 

E) Exo-polysaccharide production: EPS producing PGPR constitute shielding from desiccation, protection against 
stress, attachment to surfaces plant invasion, plant defense response and mitigating salinity stress. 

 

 
Fig 3: Inoculation with plant beneficial microorganisms (PGPR) offers many advantages to crops, including 

enhanced rooting, activation of immunity and improved plant yield. A- plant without  PGPR, B- plant with 

PGPR 

 

CONCLUSION 

For successful exploitation of microbes for sustainable agriculture, a hopeful approach is to use PGPR which offers 
several benefits to the plants as a single organism or as a consortium. Soil is considered as the living entity. So, it 
becomes necessary to maintain, balance and conserve the soil biodiversity by using soil microorganisms. 
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Indian agriculture contributes only 1/4th of GDP while it sustains 2/3rd of the population and continues to determine 
the growth rate of national economy. The Indian economy is poised to achieve a double-digit growth rate.  
Increasingly, India is being regarded as the economy to watch and various projections suggest that India would be the 
second largest economy by 2050. However, this success story hides a larger worry on the agricultural front. The share 
of agriculture sector in GDP has declined from around 35 per cent in 1990–91 to around 27 per cent in 1999–2000 
and further to merely 18.5 per cent during 2006–07. The annual average growth rate for the agriculture sector was 
merely 3 per cent in the first five years of the new millennium. Thus, the agriculture sector is proving to be a drag on 
the economy. With more than half the population depending directly on this sector, low agricultural growth has 
serious implications. Further, the food grains production is actually declining which can have its own impact on the 
food security of the country. 

Agricultural development has two major aspects – production and post-harvest processing. Technology of 
post-harvest processing refers to the processes and treatments carried out on agricultural produce after harvest for 
its protection, conservation, processing, packaging, distribution, marketing and utilization to meet the food and 
nutritional requirements of the people in relation to their needs. Hence, the scope of post-harvest processing activity 
encompasses all operations from the stage of harvest till the material reaches the end users in the desired form, 
place, packaging, quantity, quality and price. It has to develop in consonance with the needs of each society to 
stimulate agricultural production, prevent post-harvest losses, improve nutrition and add value to the products. 
Presently, more attention is needed on primary processing aspects, which include cleaning and grading, drying, 
storage and packaging. 

For the agriculture sector to be revitalised the growth of food processing industry has to be ensured. A well -
developed food processing industry with higher level of processing helps in the reduction of wastage, improves value 
addition, promotes crop diversification, ensures better return to farmers, promotes employment as well as increases 
export earnings. The sector is also capable of addressing critical issues of food security, food inflation and providing 
wholesome, nutritious food the masses.  

Although India is one of the largest producers of raw material for the food processing industry in the world, 
the industry is still at a nascent stage. Currently, the Indian food processing sector employs about 13 million people 
directly and about 35 million people indirectly.  In 2004–05, food processing sector contributed about 14 per cent of 
manufacturing GDP with a share of Rs 2,80,000 crore.  Of this, the unorganised sector accounted for more than 70 
per cent of production in terms of volume and 50 per cent in terms of value. India currently produces about 50 
million tonne of fruits, which is about 9 per cent of the world’s production of fruits and 90 million tonne of 
vegetables, which accounts for 11 per cent of the world’s vegetable production. However, only about 2 per cent of 
the fruits and vegetables in India are processed, which is very low compared to countries like the USA, China and 
others.  Increasing the quantum of processing will add to value of the product and will increase the shelf life of the 
product thus adding to economic growth in terms of surplus  food grain availability. There is a need to improve and 
develop primary, secondary and tertiary processing techniques for further value addition for better income at all 
levels. The demand for appropriate post-harvest/agro processing machinery is increasing at a fast rate. Similarly, the 
demand for processed and convenience food is likely to increase more both in the domestic and export markets. Also 
to meet the challenges posed by higher production and productivity, there is an urgent need for development of 
appropriate technologies for loss prevention, handling, storage, value addition, packaging, transportation and 
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marketing of various agricultural produce and products including by-products and residues for domestic and 
international markets.  

Post-harvest losses in India amount to 12 to 16 million metric tons of food grains each year, an amount that 
the World Bank estimates could feed one-third of India's poor. Post-harvest losses during all operations in India have 
been estimated to be between 4.38-13.54% for cereals, pulses, and oilseeds, 8.43-33.61% for fruits, 9.61-23.39% for 
vegetables and 1.00-17.19% for other cash crops/commodities. According to an estimate, about 65 million tonnes of 
food commodities of different types worth Rs. 76000 crores get lost during post production phase. Post-harvest of 
fruit and vegetable losses are over Rs. 2.00 lakh crore annually. Of the total production, 30% soiled and only 22% 
reaches market. Processing of fruits and vegetables is as low as 2%, 35% in milk, 21% in meat, and 6% in poultry 
products. Using appropriate post-harvest technology and equipment, which are commodity and location specific, 
about 50% losses could be prevented.  It would make 30-35 million tonnes of additional food items available to the 
consumers.  Cost of such additional produces would be 25-30% of that which is obtained from production system and 
that too in a specific crop season. The food processing industry can address the key issues of wastages and value 
addition and attract new investment in the sector. The Process of developing of post-harvest technology and its 
purposeful use need on inter disciplinary and most multidimensional approach which must include scientific 
creativity, technology innovation and institutional capable of interdisciplinary research. 

Our country has food processing industries in organized as well as in unorganized sector which facilitate 
processing of agricultural produce in production catchments. We have to gear up this activity to enhance 
employment and income generation in rural areas through processing and value addition to raw produce. With 
continued shift in agriculture towards commercialization, diversification and agribusiness, substantial land area is 
expected to get occupied by high value commercial crops. However its value addition through conventional and 
modern food needs to be developed to make the crop production sustainable and profitable for long times to come. 
Further, inadequate storage, transport, handling and processing has led to unacceptable level of wastage and value 
losses. With greater awareness among the consumers for safety as well as nutritional quality of foods, there is 
tremendous scope of modernizing existing post-harvest operations of various agro-produce.  

The rural food processing industry can play a vital role in rural poverty alleviation and sustainable 
development. The potential of rural post-harvest processing to tackle these challenges is yet to be fully exploited in 
the country. Employment is much higher in the food sector than any other sector. Therefore, growth of rural post-
harvest processing becomes vital for a rapid transformation of the rural economy in a country like India. Factors such 
as poor tax structure, poor infrastructure such as lack of integrated cold chains, good roads, quality power, and poor 
access to latest technology have retarded the growth of the rural industry. 
 
Successful innovation in technologies for augmenting rural prosperity falls into three categories:  
(i) Agro-based technologies, comprising processing of cereals, legumes, and oil seeds;  
(ii) Technology of products from locally available raw materials, which include dehydrated products and fermented 
foods; and  
(iii) Appropriate technologies having a rural base, which are secondary and tertiary processing techniques adapted to 
upgrade home scale preparations, e.g., foods based on legumes, grain flours and oilseed mill.  

The second category includes preservation by salt, sugar and sun-drying. The basic principle of these methods 
of preservation is to reduce the water available for microbial growth. Fruit products such as jam, jelly, etc. are 
produced by adding sugar to fruit pulp up to a concentration of 65-70 per cent. Sun-drying with its inherent 
disadvantages like exposure to dust, insects, requirement of a large area, still finds a major place in preservation of 
food, as the sun is the cheapest and most abundantly available source of energy in India. Transformation of simple 
home-scale technology into commercial production, can result in 
significant impact on the social and economic structure of the rural areas.  
Realizing the scope, potential and need, much emphasis is being laid on infrastructural development at rural or farm 
level.   
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This can be done by  
1. Reduction of post-harvest losses by proper on farm operation, farm storage and suitable market channel.  
2. Need of post-harvest technologies and processing equipments for cortege level entrepreneurship  
3. Creation of growers/ associations/cooperative at village level for insuring effective marketing. 
4. Adoption of cold chain system for safe transportation and storage of perishable food materials. 
5. Skill enhancement of upcoming entrepreneurs to enable them to establish entrepreneur   
6. Primary processing at farm/ rural level should be encourage.  For value addition for food items secondary 

processing  is required with insure commercial availability of commercial equipment for processing of given setup 
raw materials  

7. The government should have policy for encouragement for establishment of network of cottage to small scale 
agro based enterprises in production catchment for economic and employment generation for unemployed/ 
rural youth due financial support.  

8. Output of rural agro processing unit for nutrition feeding programme for ensuring market for enterprises. 
 
CONCLUSION 
Innovative Ideas for augmenting rural prosperity requires a development of region and commodity specific 
technology packages for post-harvest loss reduction for agricultural produce with a view to promote primary agro 
processing in production catchments and enhanced returns to the growers and economic feasibility assessment of 
viable solutions combined with technical assistance for producers and handlers will be essential to maintain 
sustainable outcomes. 
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Storage losses are due to high moisture content of the stored material, the storage condition (high relative humidity), 
erratic climatic condition, absence of primary processing (cleaning and grading) at farm level and lack of storage 
facility at production catchment. The storage loss in commercial storage of food grains is around 3 to 5% when 
storage was done for 8 months. Attempts to reduce these losses through the introduction of modem storage 
technologies have consistently failed-being either socioeconomically unacceptable, or inappropriate to local climatic 
conditions and ago-technical practices.  A different approach has been the modification of existing structures or the 
construction of new structures in the conventional style but employing modified technologies to improve grain 
conservation without causing disturbing changes to village life. A method considered for the prevention of storage 
losses is airtight storage bags is termed as 'airtight storage' or 'hermetic storage' bags 

Hermetic storage bags are airtight storage bags used worldwide for the prevention of post-harvest storage 
losses. Hermetic technology refers to the process of storing respiring products – usually durable crops with low 
moisture content such as dry pulses, seeds or grains – in sealed, airtight or semi-airtight containment systems. These 
systems can be plastic bags or metal silos of any size that stop or limit oxygen and water movement between the 
atmosphere outside and the stored product.  

The intrinsic advantage of the hermetic storage of dry cereal grains lies in the generation-by the aerobic 
metabolism of insect pests and microorganisms-of an oxygen-depleted and carbon dioxide-enriched inter-granular 
atmosphere of the storage ecosystem. Hermetic bags-are thus air tight bags that prevent air/water from getting into 
the cereals stored in them. Additionally, and perhaps quite important is the fact that these bags preserve the 
contents while restricting the existence of cereal pests by depleting oxygen supply levels and producing carbon 
dioxide. By preventing or restricting the passage of air, the moisture content of the stored grain will remain the same 
as when the storage was sealed. The resulting conditions create unfavorable conditions for the existence of such 
pests. The grain respiration inside the sealed container consumes the oxygen, and, as a result, most insects and other 
micro-organisms will die before they can consume or taint the stored product.  

A hermetic storage bags thus is a safe, cost-effective storage method that controls insect infestations in 
addition to preserving the quality of grains, while allowing for pesticide free, short-term and long-term qualitative 
and quantitative seed preservation, without refrigeration, maintaining seed vigor and pest control.  
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Fig 1: Hermetic storage bags: working methodology 

 
Advantages of hermetic storage technology 

 Simple, safe, low cost and effective storage technology. 

 Low air/vapour permeability creates hermetic condition. 

 Green technology as it does not emits any wastes. 

 Strong and made of multiple layer plastics 

 Recyclable and can  be reused 

 Maintains the germination rate and aroma of the stored grain 

 Effective moisture and insect control without applying pesticides.  

 Can be almost 100 percent effective over a period of months or even years. 

 Ability to store contents for a maximum of up-to two years while retaining their distinct quality.  

 Based on a simple and cost-effective technology.  

 Enables storing grains and pulses safely for home consumption.  

 Smallholders can profit from rising prices months after harvest.  

 Can be used for both small-scale home storage and medium- to large-scale aggregation facilities.  
 
Disadvantages of hermetic storage technology 

 Hermetic bags are three times more expensive than traditional gunny sacks.  

 To be cost effective and used for several seasons, the bags must be retained and stored when grain is sold or 
consumed.  

 Training is needed in order to use hermetic bags optimally.  

 If bags are adopted at population level the plastic liners will need to be collected and recycled or made from 
biodegradable polymers.  

 Large-scale hermetic systems are difficult to maintain at low enough oxygen levels over long periods.  
 
Hermetic bags (100, 90 or 50 kg size) are by far the most common type of hermetic system and consist of an outer, 
woven, poly-fibre bag for protection, and an inner plastic bag (in some cases two bags) to create hermetic conditions 
around the product being stored. The design, thickness, and type of material used for inner and outer bags differ but 
the principle is always the same.  
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Table 1: Specification of hermetic bags 

Parameter Specification 

Material High strength polyethylene with barrier layer 

Thickness, mm (inch) 78 ± 10% 

Color Depend on brand 

Oxygen Transmission Rate (OTR), cc/m2/day  <50 

Water Vapor Transmission Rate (WVTR), g/m2/day <10 

 
According to statistics the country experiences 10-30 percent losses brought by poor post-harvest 

management, a greater percentage been experienced during the storage process. Introduction of hermetic bags 
these farmers will in future be able to store their harvests for extended periods and utilize them during critical 
seasons rather than selling their harvests immediately after harvests for fear of associated post-harvest losses. 

 

Brand  Features 

AGROZ 

 

Double layer bag, with single 
hermetic inner layer. Comes with tie 
strings 

PICS 

 

Triple layer, with woven outer sack 
and two plastic inner liners. 

GRAINPRO 

 

Double-layer polyethylene inner 
liner and low permeability outer 
layer. 

ZEROFLY 

 

The ZeroFly bag is a woven 
polypropylene bag that has 
insecticide incorporated into the 
individual yarns of the outer layer. 
The inner layer is hermetic. 

Fig 2: Commercially available hermetic bags 
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Place hermetic bag in jute bag Open the hermetic bags for filling the grains 

  
Fill the grains until 10 cm from top Take out air by pressing 

 
 

Use zipper to lock or tie with plastic strip lock Put the hermetic bag in jute bag and tie the jute bag 
using rope piece 

Fig 3: Stepwise use of hermetic bag for grain storage 
 
CONCLUSION 
It can be concluded that grain could be stored under ambient conditions in hermetic storage bag with minimum 
qualitative and quantitative loss. There is no requirement of any chemical treatment of grains stored in hermetic 
super bags as the micro environment developed is sufficient enough to restrict the growth of pests, insects and 
micro-organism. The hermetic bags can be a key post-harvest technology for reducing PHL at storage in the fight 
against hunger and ensuring food security. 
 

 

 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD:  e-Newsletter                                                 Volume 2 – Issue 5 – May 2020 
www.agrifoodmagazine.co.in 
ISSN:  2581-8317 

 

58 
 
 

 

Effect of food processing on health 
Article id: 23619 
1*Gitanjali, 2Vishal Kumar and 3Anupam Amitabh 
1Assistant Professor, College of Community Science, RPCAU, Pusa 
2Assistant Professor, College of Agricultural Engineering, RPCAU, Pusa 
3Assistant Professor, Sugarcane Research Institute, RPCAU, Pusa   

 
We all process foods everyday when preparing a meal for ourselves or our family and virtually all foods undergo 
some form of processing before they are ready to eat. Some foods are even dangerous if eaten without proper 
processing. The most basic definition of food processing is “a variety of operations by which raw foodstuffs are made 
suitable for consumption, cooking, or storage”. Food processing includes any action that changes or converts raw 
plant or animal materials into safe, edible and more enjoyable, palatable foodstuffs. 
  Food processing is the transformation of raw ingredients, by physical or chemical means into food, or of food 
into other forms. Food processing combines raw food ingredients to produce marketable food products that can be 
easily prepared and served by the consumer. Food processing typically involves activities such 
as mincing and macerating, liquefaction, emulsification, and cooking (such as boiling, broiling, frying, or 
grilling); pickling, pasteurization and many other kinds of preservation; and canning or other packaging. In large-scale 
food manufacture, processing involves applying scientific and technological principles to preserve foods by slowing 
down or stopping the natural processes of decay. It also allows changes to the eating quality of foods to be made in a 
predictable and controlled way. Food processing also uses the creative potential of the processor to change basic raw 
materials into a range of tasty attractive foods that provide interesting variety in the diets of consumers. Without 
food processing it would not be possible to sustain the needs of modern urban populations, and the choice of foods 
would be limited by seasonality. However, it is important to remember that food processing has been used for 
centuries in order to preserve foods, or simply to make foods edible. In fact, processing spans the whole food chain 
from harvesting on the farm to different forms of culinary preparation in the home, and it greatly facilitates provision 
of safe food to populations around the globe. 
  Food processing can lead to improvements in, or damage to, the nutritional value of foods, sometimes both 
at the same time, and it can help to preserve nutrients that would otherwise be lost during storage. For instance, 
shock-freezing of vegetables shortly after harvesting slows the loss of sensitive nutrients. Raw beans are inedible and 
the simple process of heating (e.g. boiling) renders them edible by destroying or inactivating specific anti-nutritional 
factors they contain. The process of boiling vegetables does lead to losses of vitamin C but it can also release certain 
beneficial bioactive compounds such as beta-carotene in carrots, which would otherwise be less available during 
digestion because the heating breaks down the plant cell walls. 
  For centuries, ingredients have served useful functions in a variety of foods. Our ancestors used salt to 
preserve meats and fish, added herbs and spices to improve the flavour of foods, preserved fruit with sugar, and 
pickled vegetables in a vinegar solution. Today, consumers demand and enjoy a food supply that is nutritious, safe, 
convenient and varied. Food processing methods (e.g. food additives and advances in technology) help to make this 
possible. Food additives are added for a particular purpose whether it is to ensure food safety, to add nutritional 
value or to improve food quality. They play an important role in preserving the freshness, safety, taste, appearance 
and texture of foods. For example, antioxidants prevent fats and oils from becoming rancid whereas emulsifiers stop 
peanut butter from separating into solid and liquid fractions. Food additives keep bread free of mould for longer and 
allow fruit jams to "gel" so they can be spread onto bread. 
 
History of Food processing 
Food processing dates back to the prehistoric ages when crude processing incorporated fermenting, sun drying, 
preserving with salt, and various types of cooking (such as roasting, smoking, steaming and oven baking). Such basic 
food processing involved chemical enzymatic changes to the basic structure of food in its natural form, as well served 
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to build a barrier against surface microbial activity that caused rapid decay. Salt-preservation was especially common 
for foods that constituted warrior and sailors' diets until the introduction of canning methods. These tried and tested 
processing techniques remained essentially the same until the advent of the industrial revolution. Examples of ready-
meals also date back to before the preindustrial revolution, and include dishes such as Cornish pasty and Haggis. Both 
during ancient times and today in modern society these are considered processed foods. Modern food processing 
technology developed in the 19th and 20th centuries was developed in a large part to serve military needs. Canning 
originated in the early 19th century as Napoleon’s troops faced a serious food shortage. In 1809 Nicolas 
Appert invented a hermetic bottling technique that would preserve food for French troops which ultimately 
contributed to the development of tinning, and subsequently canning by Peter Durand in 1810.  Also in 1810, the 
Englishman Peter Durand applied the Appert process using various vessels made of glass, pottery, tin or other metals 
and obtained the first canning patent from King George III. This can be considered the origin of the modern 
can. Pasteurization, discovered by Louis Pasteur in 1864, improved the quality of preserved foods and introduced the 
wine, beer, and milk preservation. 

In the 20th century, World War II, the space race and the rising consumer society in developed countries 
(including the United States) contributed to the growth of food processing with such advances as spray drying, juice 
concentrates, freeze drying and the introduction of artificial sweeteners, colouring agents, and such preservatives 
as sodium benzoate. In the late 20th century, products such as dried instant soups, reconstituted fruits and juices, 
and self cooking meals such as meal ready to eat food ration were developed. Food processing companies marketed 
their products especially towards middle-class working wives and mothers. These all work on the premise that 
reduction of water availability in the product increases shelf-life. More recently, technological innovations in 
processing have transformed our food supply into the rich variety that is available in supermarkets today. In addition, 
food processing enables manufacturers to make nutritionally enhanced products (‘functional foods’) with added 
ingredients that provide specific health benefits beyond basic nutrition. The chronological development of different 
food processing techniques commonly used are presented in table 1 

 
Table 1:  Chronological Development of Food Processing Techniques 

Traditional Processing More Modern Processes 
   ( From 1900 onwards) 

Most Modern Techniques 
(post 1960) 

Canning Extrusion cooking Freeze drying 

Fermentation Freezing and chilling Infrared processing 

Freezing Pasteurisation Irradiation 

Oven drying Sterilisation Magnetic fields 

Pickling Ultra-High Temperature (UHT) Microwave processing 

Salting  Modified atmosphere packaging 

Smoking  Ohmic heating 

Sun drying  Pulsed electric fields 

  Spray drying 

  Ultra-sonification 

 
Benefits of food processing  
Benefits of food processing include toxin removal, preservation, easing marketing and distribution tasks, and 
increasing food consistency. In addition, it increases yearly availability of many foods, enables transportation of 
delicate perishable foods across long distances and makes many kinds of foods safe to eat by de-activating spoilage 
and pathogenic micro-organisms. Modern supermarkets would not exist without modern food processing techniques, 
and long voyages would not be possible. 

http://www.agrifoodmagazine.co.in/
https://en.wikipedia.org/wiki/Canning
https://en.wikipedia.org/wiki/Industrial_revolution
https://en.wikipedia.org/wiki/Cornish_pasty
https://en.wikipedia.org/wiki/Haggis
https://en.wikipedia.org/wiki/Nicolas_Appert
https://en.wikipedia.org/wiki/Nicolas_Appert
https://en.wikipedia.org/wiki/Pasteurization
https://en.wikipedia.org/wiki/Louis_Pasteur
https://en.wikipedia.org/wiki/World_War_II
https://en.wikipedia.org/wiki/Space_race
https://en.wikipedia.org/wiki/Spray_drying
https://en.wikipedia.org/wiki/Freeze_drying
https://en.wikipedia.org/wiki/Sodium_benzoate
https://en.wikipedia.org/wiki/Supermarket


AGRICULTURE & FOOD:  e-Newsletter                                                 Volume 2 – Issue 5 – May 2020 
www.agrifoodmagazine.co.in 
ISSN:  2581-8317 

 

60 
 
 

 

 Processed foods are usually less susceptible to early spoilage than fresh foods and are better suited for long 
distance transportation from the source to the consumer. When they were first introduced, some processed foods 
helped to alleviate food shortages and improved the overall nutrition of populations as it made many new foods 
available to the masses. Processing can also reduce the incidence of food borne disease. Fresh materials, such as 
fresh produce and raw meats, are more likely to harbour pathogenic micro-organisms (e.g. Salmonella) capable of 
causing serious illnesses. The extremely varied modern diet is only truly possible on a wide scale because of food 
processing. Transportation of more exotic foods, as well as the elimination of much hard labour gives the modern 
eater easy access to a wide variety of food unimaginable to their ancestors. The act of processing can often improve 
the taste of food significantly. Mass production of food is much cheaper overall than individual production of meals 
from raw ingredients. Therefore, a large profit potential exists for the manufacturers and suppliers of processed food 
products. Individuals may see a benefit in convenience, but rarely see any direct financial cost benefit in using 
processed food as compared to home preparation. Processed food freed people from the large amount of time 
involved in preparing and cooking "natural" unprocessed foods. The increase in free time allows people much more 
choice in life style than previously allowed. In many families the adults are working away from home and therefore 
there is little time for the preparation of food based on fresh ingredients. The food industry offers products that fulfill 
many different needs: e.g. fully prepared ready meals that can be heated up in the microwave oven within a few 
minutes. Modern food processing also improves the quality of life for people with allergies, diabetics, and other 
people who cannot consume some common food elements. Food processing can also add extra nutrients such 
as vitamins. 
 

Drawbacks of Food Processing  
Any processing of food can affect its nutritional density. The amount of nutrients lost depends on the food and 
processing method. For example, heat destroys vitamin C. Therefore, canned fruits possess less vitamin C than their 
fresh alternatives. New research highlighting the importance to human health of a rich microbial environment in the 
intestine indicates that abundant food processing (not fermentation of foods) endangers that environment. 
Using food additives represents another safety concern. The health risks of any given additive vary greatly from 
person to person; for example using sugar as an additive endangers diabetics. Food processing is typically a 
mechanical process that utilizes large mixing, grinding, chopping and emulsifying equipment in the production 
process. These processes inherently introduce a number of contamination risks. As a mixing bowl or grinder is used 
over time the food contact parts will tend to fail and fracture. This type of failure will introduce into the product 
stream small to large metal contaminants. Further processing of these metal fragments will result in downstream 
equipment failure and the risk of ingestion by the consumer. Food manufacturers utilize industrial metal detectors to 
detect and reject automatically any metal fragment. Large food processors will utilize many metal detectors within 
the processing stream to reduce both damage to processing machinery, as well as risk to consumer health. 
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Decline in soil quality is considered as a major environmental concern globally.  Production of good quality of food 
in an ample quantity for the growing population without deterioration soil quality and fertility is major challenge 
in present scenario. Use of agrochemicals to increase the productivity of soil is leading to loss   of soil quality which 
also has significant impacts on human health and environment. Use of green manure to crop production was 
recognized as economically viable and environmentally acceptable approaches in substitution to the 
agrochemicals. Green manures are crops that were incorporate in agricultural field as a source of nutrient for 
succeeding crops. It also plays a vital role in restoring and improving the soil quality. It not only improves and 
restores the soil quality but also helps to manage agricultural diseases, pests and weeds. 
 
INTRODUCTION 
Green manure refers to “a plant material incorporated with the soil while green or soon after maturity for improving 
the soil to supply nutrients, particularly nitrogen to a standing crop” (Soil Science Society of America, 1997). Green 
manuring technology is economically viable, environmentally   sustainable and socially acceptable in sustainable 
agricultural systems (Fageria et al., 2007). Green manuring is growing in the field plants usually belonging to 
leguminous family and incorporating into the soil after sufficient growth. Once grown, they are usually incorporated 
into the soil shortly before sowing the next cash crop. With rising nitrogen fertilizer prices and an ever-increasing 
requirement to farm in an environmentally sustainable way, green manures are fast becoming a viable way to cut 
input costs, add fertility and improve the soil. There is a wide variety of green manures to choose from including 
clovers, medicks, mustards and grasses. 
 
Objective of Green manures 
To add N to the companion or succeeding crop and add or sustain organic matter in the soil. 
 
Subsidiary objective 
a. Catch Crops 
Legumes are inter-sown in standing crop before or after harvest, to utilize nitrates or the left-over moisture 
b. Shade crops 
Sown in young orchards with the objective of shading the soil surface and, preventing the rise of temperature. 
Otherwise tender roots of fruit plants may be affected by the high soil temperature. In plantation like tea and coffee, 
Glyricidia is used as shade crop first and incorporated as GM.  
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Flow chart of Classification of green manure 

 
Advantages of Green Manuring 

1. Has positive influence on the physical and chemical properties of soil. 
2. Helps to maintain the organic matter status of arable soil. 
3. Serves as source of food and energy for the microbes multiplies rapidly, not only decompose the GM and 

result in release of plant nutrients in available forms for use by the crops. 
4. Improves aeration in rice soils by stimulating activities of surface film of algae and bacteria 
5. Additional use as source of food, feed and fuel. 

 
Limitation of Green Manure 
     1- Rainfed condition: Green manure crops will not decompose readily due to lack of water 
     2- Green manure is feasible for assured irrigation facility 
     3- Cost of green manure is more than cost of fertilizer 
     4- For higher cropping intensity land is unavailable for green manure cultivation 
     5- Disease, insects and nematodes may come up due to improper decomposition 
 
CONCLUSION 
Green manure can represent the sustainable tools to improve soil fertility in intensive agriculture. Green manure has 
multiple effects on crop performance as well as soil management. Understanding   the   relative   importance   of   
green manure and use it as a part of cropping system might be   able   to   applicable   for   soil   rehabilitation and 
reclamation of land.. Therefore, more research should be carried to developed   new   technology   on   the   use   of   
green manure as soil supplements. 
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Zero Budget Natural Farming (ZBNF) is a set of farming methods, and also a grassroots peasant movement, which 
has spread to various states in India. It has attained wide success in southern India, especially the southern Indian 
state of Karnataka where it first evolved. The neoliberalization of the Indian economy led to a deep agrarian crisis 
that is making small scale farming an unviable vocation. Privatized seeds, inputs, and markets are inaccessible and 
expensive for peasants. Undoubtedly, improvement of soil health should be a priority agenda in India’s agricultural 
policy. Also, India needs innovative technologies to minimize physical degradation of soils due to waterlogging, 
flooding and crusting. However, such a comprehensive approach requires a strong embrace of scientific temper 
and a firm rejection of anti-science postures. 
 
INTRODUCTION 
Zero budget natural farming is a method of chemical-free agriculture drawing from traditional Indian practices .It was 
originally promoted by agriculturist Subhash Palekar, who developed it in the mid-1990s as an alternative to the 
Green Revolution’s methods that are driven by chemical fertilizers and pesticides and intensive irrigation .It is a 
unique model that relies on Agro-ecology. It aims to bring down the cost of production to nearly zero and return to 
a pre-green revolution style of farming. It claims that there is no need for expensive inputs such as fertilizers,   
pesticides and intensive irrigation.  
 
Zero Budget Natural Farming is based on 4 pillars: 

 Jeevamrutha: It is a fermented microbial culture. It provides nutrients, but most importantly, acts as a catalytic agent 
that promotes the activity of microorganisms in the soil, as well as increases earthworm activity. It also to prevent 
fungal and bacterial plant diseases. It is only needed for the first 3 years of the transition, after which the system 
becomes self-sustaining. 

 Bijamrita: It is a concoction of neem leaves & pulp, tobacco and green chilies prepared for insect and pest 
management that can be used to treat seeds. It is a treatment used for seeds, seedlings or any planting material .It is 
effective in protecting young roots from fungus as well as from soil-borne and seedborne diseases .It is composed of 
similar ingredients as jeevamrutha – local cow dung, a powerful natural fungicide, and cow urine, a strong anti-
bacterial liquid. 

 Acchadana (Mulching): It protects top soil during cultivation and does not destroy it by tilling. 
 Whapasa: It is the condition where there are both air molecules and water molecules present in the soil. Thereby 

helping in reducing irrigation requirement. 
 
Benefits of Zero budget Natural farming 

 With the rising cost of external inputs (fertilizers and pesticides), which is the leading cause of indebtedness and 
suicide among farmers. According to the NSSO (National Sample Survey Organization) data, almost 70% of 
agricultural households spend more than they earn and more than half of all farmers are in debt. 

 Since in Zero Budget Natural Farming there is the need to spend money or take loans for external inputs, the cost 
of production could be reduced and farming made into a “zero budget” exercise. This would break the debt 
cycle for many small farmers and help to envisage the doubling of farmer's income by 2022. 

 At a time when chemical-intensive farming is resulting in soil and environmental degradation, a zero-cost 
environmentally-friendly farming method is definitely a timely initiative. 
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 The Zero Budget Natural Farming method promotes soil aeration, minimal watering, intercropping, bunds and 
topsoil mulching and discourages intensive irrigation and deep ploughing. 

 It suits all crops in all agro-climatic zones. 
 
Issues related to Zero Budget Natural Farming 

 Sikkim (India's first organic state), has seen some decline in yields following conversion to organic farming. 
 Many farmers have reverted to conventional farming after seeing their ZBNF returns drop after a few years. 
 While ZBNF has definitely helped preserve soil fertility, its role in boosting productivity and farmers’ income isn’t 

conclusive yet. 
 ZBNF advocates the need of an Indian breed cow, whose numbers are declining at a fast pace.Low expenditure by 

the government: Last year, the government launched Rashtriya Krishi Vikas Yojana, a flagship Green Revolution 
scheme with an allocation of Rs 3,745 crore for the financial year 2019-20. Whereas the Paramparagat Krishi Vikas 
Yojana, which was meant to promote organic farming and soil health has been allocated Rs 325 crore only. 

 
Way forward for Zero Budget Natural Farming? 

 Strengthening of agricultural market infrastructure. 
 Extending the procurement mechanism to all food grain and non-foodgrain crops to all States. 
 Implementation of price deficiency payment system for selected crops. 
 Fixing Minimum Support Prices (MSP) in consonance with the cost of cultivation. 
 Abolishing minimum export price for agricultural commodities. 

 
CONCLUSION 
Undoubtedly, improvement of soil health should be a priority agenda in India’s agricultural policy. Also, India needs 
innovative technologies to minimize physical degradation of soils due to waterlogging, flooding and crusting. 
However, such a comprehensive approach requires a strong embrace of scientific temper and a firm rejection of anti-
science postures. 
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INTRODUCTION  
With the increasing population the demand for food and fiber per unit area are increasing as a result the demand for 
chemical fertilizer is also increasing for producing more yields from limited area. The excessive use of chemical 
fertilizer cause serious health hazards as well as pollute the environment. Therefore, in recent years many plant 
extracts have been used in agriculture. Out of these, use of natural seaweeds as fertilizer has allowed the gradual 
substitution of conventional synthetic fertilizers. These natural fertilizers are biodegradable, non toxic in nature, non 
polluting and non hazardous to human, animal and birds. The sea weeds are marine macrophytic algae, which form 
an important component of inshore marine ecosystems as they provide shelter and food to numerous marine biotas.  
Seaweeds and seaplants make up an integral part of the coastal ecology and landscape. Seaweeds such as the brown 
algae Ascophyllum nodosum (commonly known as Norwegian Kelp) grow in abundance within the littoral zone, that 
area periodically covered by rising or receding tides. For centuries, agricultural areas close to these coastal zones 
have utilized seaweeds as a valuable source of organic matter for various soil types and for many different fruit and 
vegetable crops. Today, seaweed meals and soil amendments are available in ready-to-apply dry form for use in crop 
soils and home gardens alike. Moreover, high quality liquid and powder seaweed extract products can be found in 
pure form, or in recipe formulations with or without ingredients ranging from traditional (e.g. fertilizers, pesticides, 
etc.) to non-traditional products (e.g. humates, fish products, etc).  

 

Importance and role: 
All the seaweeds and extract products currently on the market, Ascophyllum nodosum is the most widely used and 
researched seaweed species in agriculture. They are used as food for human, fodder for cattle, as a substitute of 
chemical fertilizer and source of various fine chemicals. Besides this, it is used for obtaining many industrial products 
such as agar, alginate. In recent years, natural seaweeds are being used as substitute of synthetic fertilizer fertilizers. 
Seaweed extracts are marketed as liquid fertilizers and bio-stimulants because they contain multiple growth 
regulators such as cytokinins, auxins, gibberellins and various macro and micronutrients necessary for plant growth 
and development. Moreover, it helps in promoting the growth of beneficial soil microorganisms, developing 
tolerance to environmental stress, and increasing nutrient uptake from soil and enhancing antioxidant properties. In 
recent years, the use of seaweed extracts is gaining popularity due to their potential use in organic and sustainable 
agriculture, especially in rain fed crops, as a means to avoid excessive fertilizer applications and to improve mineral 
absorption and because of its organic and bio-degradable properties. In India about 700 species of marine algae are 
found in both intertidal and deep-water regions of the Indian coast and out of these nearly 60 species are found to be 
commercially important. The dominating sea weed producing states are Tamil Nadu, Gujarat, Maharashtra, Goa, 
Lakshadweep, Andhra Pradesh and Karnataka Andaman and Nicobar Islands, few species are also found in West 
Bengal and Orissa. However, a very few species are used in agricultural purpose. 
 

Sea weeds cultivation in the world:   

 Industrial use - about 8 million tonnes of wet seaweed. 

  Asia - world leader in seaweed cultivation and more than 80% is contributed by China, Korea and Japan. 

 Currently there are 42 countries involved in commercial seaweed activity. 

 China holds first rank in seaweed production, with Laminaria sp. accounting for most of its production, followed 
by North Korea, South Korea, Japan, Philippines, Chile, Norway, Indonesia, USA and India. 

  These top ten countries contribute about 95% of the world’s commercial seaweed volume. 

 About 90% seaweed production - from culture based practices.  
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Significance of sea weeds extract in agriculture: 
At present, seaweed extracts are used in agricultural practice and are already commercialized. Such as, seaweed 
liquid fertilizers (SLF) are available as manure, foliar spray, soil conditioners and soil drench. Different formulations of 
sea weed such as LSF (Liquid Seaweed Fertilizer), granular and powder are available in market. The whole or finally 
chopped powered algal manure have been used and all of them have been reported to produce beneficial effects on 
cereals, pulses, and many flowering plant. The advantage of seaweed manure is that it is free from weed seeds and 
other pathogenic fungi. The liquid extracts obtained from seaweeds have recently gained importance as foliar sprays 
for many crops including various grasses, cereals flowers and vegetable species. The foliar spray induces faster 
growth and increased yield in cereals, vegetables, fruit plants and horticultural crops. Foliar spray of seaweed extract 
is a common practice to increase yield in many commercial crop. Foliar application of mineral nutrients offers a 
quicker method of supplying nutrients to higher plants than other soil application method. This may be due to active 
uptake of nutrients through stomatal pores instead of cuticular uptake.  

 
Groups of sea weeds:  
1) Green algae (Chlorophyta)  

• Pigments: Chlorophyll 
• Fresh water, Brackish water, and coastal waters 
• Only 10% of  6000-7000 species are marine 

 
2) Brown algae (Phaeophyta)  

 Dominate colder region coastlines 

 Range - 20 m long to 30–60 cm long. 

 Mainly used for alginate production  

 These are most widely used in agriculture and horticulture. 

 

3) Red algae  

 Pigments: chlorophyll and red or blue  

 Mainly used for agar production 

 Dominant algae in the tropics, grow in all ocean 
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USES  

 Fodder - Seaweed meal is used an additive to animal feed  

 Waste water treatment- Some seaweeds are able to absorb heavy metal ions such as zinc and cadmium from 
polluted water and also for purifying the sewage water by absorbing nitrogen and phosphorus which are present 
in ammonical form. 
 

Modes of application  

 Depends on the nature of the seaweed product (eg. meal/powder or extract).  

 Application of whole seaweed biomass or meal - common in coastal areas where the seaweeds are abundant. 

  Whole seaweeds or seaweed meal are spread on the ground and are usually worked into the soil. 

 Soil drenching: Liquid extracts may be applied near the root of the plant, this can be achieved by mixing the 
extracts with irrigation water and applied as drip irrigation to crops.  

 Foliar application: 8-20 times more effective compared to soil application and it is more effective if applied in 
early morning. 
 

Some commercially available sea weeds formulations  
Product name Seaweed name 

Acadian, Biozyme mirchi liquid Biozyme 
seed plus, AgroKelp  

Ascophyllum nodosum  

Agri-Gro Ultra  Ascophyllum  nodosum , Macrocystis pyrifera  

Bio-GenesisTM , High TideTM  Unspecified  

Fartum  Ecklonia maxima  

Kelpak  Durvillea antarctica  

Profert  Unspecified  

Sea Winner, Seanure  Durvillea potatorum  

     Seasol  Durvillea potatorum ,Ascophyllum nodosum  

Alga 600 (powder)  Sargassum, Laminaria,  Ascophyllum nodosum  

Sea spray(liquid)  Macrocystis integrifolia  

Bioalgeen S90  Ascophyllum nodosum, Laminaria digitata  

Sea force 2  unspecified  

Sea amino  Unspecified  

Elcom sea moss,Guso, Kanott kanott  Kappaphycus alverezzhi  
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CONCLUSION 
Seaweed and seaweed-derived products have been widely used as bio stimulants in crop production due to presence 
of multiple growth regulators such as cytokinin, auxins, gibberellins, betaines, as well as presence of macronutrients 
such as Ca, K, P, and micronutrients like Fe, Cu, Zn, B, Mn, Co and Mo, which are necessary for plant growth and 
development. Numerous studies have revealed a wide range of beneficial effects of seaweed extract on plants, such 
as early seed germination and establishment, better crop performance and yield, inducing resistance to biotic and 
abiotic stress and many more.  
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Biological control emphasizes on the utilization of bioagents against the mite pest and seems to be beneficial for 
our environment. Release of predatory mites and predatory insects are found to be effective for suppressing the 
mite population in greenhouse condition.   
 
INTRODUCTION 
Biological control implies the use of biocontrol agents against the pest to curb the detrimental impact of synthetic 
pesticides in the environment. Biocontrol can be achieved through parasitism, predation and other natural 
mechanisms (Flint and Dreistadt, 1998). There are three basic principles of biological control viz. importation, 
augmentation and conservation. Through importation the biocontrol agents are imported for getting the effective 
result. By augmentation technique sufficient population of can be achieved for release into the field and through 
conservation method some measurement can be taken for their survival into the field (Smith, 1996).  
 
Biological approach for management of mite problem in green house condition: 
Through predatory Phytoseiid mites: So far predatory mites have been concerned; Phytoseiulus persimilis Athias-
Henriot has been utilized for long time as biocontrol agent for the two spotted spider mite (TSSM) Tetranychus 
urticae Koch (Cakmak et al., 2009; Copping, 2009). The use of different predatory mites in green house condition is 
based on their feeding biology and reproductive rates (Zhang, 2003). Depending on the feeding biology and 
reproductive rates phytoseiid are categorized into three groups (McMurty et al., 2013).  
 
Type I category: These mites are specialized predators of spider mites (Tetranychus spp.). Phytoseiulus persimilis 
have been found as most suitable predator against the TSSM. They lay eggs on the webs produced by the TSSM and 
all nymphal and adult stages moves freely within their web (Weintraub et al., 2007; Zhang, 1990). Type I are the most 
effective than Type II and Type III. 
 
Type II category: Phytoseiid mites belong under the Type II category are commonly associated with spider mites but 
also feed upon russet mite (Aceria anthocoptes Nalepa) and cyclamen mite (Phytonemus pallidus Bank). Neoseiulus 
fallacis, Neoseiulus californicus, Galendromus occidentalis are representative of the Type II. Their feeding 
requirement is comparatively low than the Type I and show high dispersal activity. 
 
Type III category: Species in this group include Ambleyseius andersoni, Ambleyseius swirski, Neoseiulus barkeri, 
Neoseiulus cucumeris. They are generalist predator show the broad range of food habit from various phytophagous 
mite species to pollen grains and insects. They are not strongly associated with the spider mites like Type I and Type II 
category. 
 
Through Predatory insect: The predatory gall midge (Feltiella acarisuga Vallot) is one of the most effective 
widespread natural enemies of two spotted spider mite (TSSM) in green house condition. Female deposit the glossy, 
oblong eggs near the prey mite colony on the leaves. The orange brown larva predates the spider mite population 
and goes for the pupation underside of the leaves. They can suppress the spider mite population at about 40% 
(Sharaf, 1984). Their pupae are commercially available in the market. It has been recommended that to release the 
1000 individuals per ha per week which seems tremendously efficient for controlling spider mites on tomato, pepper 
and cucumber and other important vegetables which can be cultivated through green house condition (Gillespie et 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD:  e-Newsletter                                                 Volume 2 – Issue 5 – May 2020 
www.agrifoodmagazine.co.in 
ISSN:  2581-8317 

 

70 
 
 

 

al., 1998). In addition, Feltiella acarisuga (sold as Therodiplosis persicae) is being used to manage spider mites on 
strawberries and various ornamental crops. The weekly release rate is approximately doubled for heavy infestations, 
2,500 adults per ha for six successive weeks (Biobest 1999).  
 
Advantages of biological control over chemical control: 
1. Safe to environment. 
2. No chance of residue hazard in crop as well as in soil. 
3. Break the resistance power of the pest. 
4. Easy to culture in the laboratory. 
5. Less chance of pest resurgence problem.  
 
CONCLUSION 
Managing the mite population and keep it below economic threshold level through biological control is getting 
popularized throughout the world. We must focus on the use of bioagents to reduce the harmful impact of chemical 
pesticides and keep the environment safe and healthy for long term prospect. 
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Wood apple belongs to the family Rutaceae and is botanically known as Feronia limonia. It is also known as curd fruit, monkey fruit 
and kathbel. It is believed to have originated from sub-tropical plains of India (Lande et. al., 2010) and prefers a dry climate for 
optimum flowering and fruiting. It can be well grown in drought prone and semi-arid regions. The productive age of plant is believed 
to be 12-70 years (Sharma et. al., 2014). The fruit is rarely grown commercially in India but has enormous potential to be a major 
fruit. It is a climate resilient fruit crop and can tolerate extreme dry conditions during flowering and fruit set. At the same time it can 
tolerate wet condition during fruit set (Mani and Suresh, 2018). This fruit can grow in fallow and barren waste land which is even 
devoid of essential elements as well (Kumar and Deen, 2017). Juice prepared from wood apple have superb thirst quenching 
capability and have tremendous potential to be an important crop for beverage processing. Traditionally in Indian homes, wood 
apple is even consumed raw and is preferred because of its exquisite flavour and perfect sour-sweet blend. Wood apple is also used 
to prepare processed products like chutney, jam and jelly (Morton 1987).  
 Wood apple fruits contain a innumerable amount of phytochemicals such as polyphenols, vitamins, saponins, coumarins, 
amino acids, tri-terpenoids, phytosterols, tannins, tyramine derivatives, etc. (Dar et. al., 2013). Wood apple have several beneficial 
nutritional and medicinal properties. In Indian traditional system of medicine, wood apple is known to cure diseases like dysentery, 
diarrhea, asthma, wounds, tumors, hepatitis and cardiac debility (Ilango and Chitra, 2009). Wood apple is known to possess excellent 
amount of nutrients which many fruits are lacking. It is having significant amount of Vitamin A, Vitamin B1 and Vitamin B2. It have 
trace amount of vitamin C as well (Poongodi et. al., 2013). Wood apple fruit is an enormous source of anti-oxidants and has potential 
to scavenge free radicals in human body (Nithya and Saraswathi, 2010). 

 
Table 1: Fruit composition of wood apple 

Fruit composition Amount Given by 

TSS 9.40–16.00 
0
B Shukla and Singh, (2008) 

Titratable Acidity 0.83 to 2.76 % Shukla and Singh, (2008) 

Total Sugar 4.08-4.47 % Hiwale, (2006) 

Vitamin-C 1.68 to 3.40 mg/ 100g Shukla and Singh, (2008) 

Protein 6.3 g/100 g Poongodi et. al., (2013) 

Total Carbohydrates 15.6 g/100 g Poongodi et. al., (2013) 

Moisture 72 % Poongodi et. al., (2013) 

Total Phenol 235 mg/100g Poongodi et. al., (2013) 

Antioxidant Capacity 1412.55 μg/g Poongodi et. al., (2013) 

P (%) 0.037 - 0.078 Singh et. al., (2016) 

K (%)  1.29 - 1.86 Singh et. al., (2016) 

Ca (%)  0.11 - 0.39 Singh et. al., (2016) 

Mg (%)  3.18 - 5.92 Singh et. al., (2016) 

Na (%)  3.07 - 7.54 Singh et. al., (2016) 

Pectin (%) 1.39 - 1.65 Singh et. al., (2016) 

Both ripe and unripe wood apple fruit is known to possess excellent medicinal properties. Ripe fruit is known to cure liver problems 
and is good for heart. It has good cholesterol lowering potential as well. Unripe fruit is having enormous potential to cure diarrhea 
and dysentery. Ripe fruit consumption can reduce problems and cure in longer run the problems associated with gums and teeth, 
hiccough, sore throat and diseases of the gums (Seeja et. al., 2005). Ripe fruit, leaves, stem, bark and root of wood apple also have 
anti-venomous capability against snake bite (Maiti and Mishra, 2000). The essential oils which are extracted from wood apple fruits 
and seeds are effective against 12 bacteria causing human disease (Geda and Bokadia, 1980). Senthilkumar and Venkatesalu, (2013) 
also reported anti-microbial activity of wood apple. Fruit pulp of wood apple is also known to possess antipyretic, anti-inflammatory 
and analgesic activity (Ahamed et. al., 2008).  
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 Even juice extracted from young leaves of wood apple when consumed solely or with milk can cure intestinal problems 
associated with worms. It is also good against piles. Wood apple fruit have anti-tumor property. Mishra et. al., (2009) also reported 
anti-ulcer property of wood apple. The pulp of wood apple when used for the preparation of face cream can remove lesions and 
small spots from the skin (Bandara et. al., 1988). Fruits are also known to be larvicidal property and can kill insect larvae (Rahman et. 
al., 2000). Wood apple is believed to be hepato-protectant with some adaptogenic activity like cleansing of blood impurities, 
leucorrhoea, dyspepsia and jaundice (Morton, 1987). Acidic hetero-polysaccharide extract of wood apple fruit surprisingly exhibited 
cell growth inhibition of in-vivo Ehrlich ascites carcinoma (Saima et. al., 2000). Wood apple fruits and seeds are also known to be 
anti-diabetic (Gupta et. al., 2009). 
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Introduction 

The dietary pattern of humans has shifted towards a diet in which refined grains, meat, added fats and sugar are common and 

vegetable protein and fibre intake is low. This change in diet and the shift to a sedentary lifestyle is largely responsible for the 

increased prevalence of obesity and chronic diseases including type 2 Diabetes, heart disease and cancer. Dietary fibre was 

first defined by Hipsley in 1953 as non-digestible components of plants that make up the plant cell wall. Another major 

development took place in 1976 when Trowell et al. recognised that other non-digestible polysaccharides (i.e. gums, mucilages) 

associated with the plant cell wall but not strictly a part of it also contributed to the dietary fibre content of the diet. The current 

working definition of DF is “Dietary Fibre consists of the remnants of plant cells, polysaccharides, lignin and associated 

substances resistant to hydrolysis (digestion) by the alimentary enzymes of humans.” 

Types of Dietary Fibre 

Dietary fibre has two main components. 

1. Soluble fibre:  it is soluble in water and readily fermented in the colon into gases and physiologically active by products. It 

can be prebiotic and viscous. It has a high-water holding capacity which promotes bulk and laxation.   

2. Insoluble fibre: It does not dissolve in water, is metabolically inert and provides bulk. It can be prebiotic and metabolically 

ferment in the large intestine. The most obvious benefit of increased intake of insoluble fibre (particularly wheat bran) is the 

feeling of well-being resulting from increased laxation. Typically, it has a high-water binding capacity which results in the 

formation of softer stools that pass through the system faster.  The softer stools reduce the pressure necessary for elimination, 

thus, less constipation, and lower incidence of maladies such as diverticular disease, varicose veins, hemorrhoids, hernias and 

appendicitis. 

Table 1: Health Benefits and Sources of Different Dietary Fibre 

Types of Fibre Soluble or Insoluble Sources Health Benefits 

Cellulose, some 

hemicellulose 

Insoluble Naturally found in nuts, whole 

wheat, whole grains, bran, seeds, 

edible brown rice 

"Nature's laxative": Reduces 

constipation, lowers risk of 

diverticulitis and help in 

weight loss. 

Inulin oligofructose Soluble Extracted from onions and 

byproducts of sugar production from 

beets or chicory root. 

May increase "good" bacteria in 

the gut and enhance immune 

function. 

Lignin Insoluble Found naturally in flax, rye, some 

vegetables. 

Good for heart health and 

possibly immune function. 

Mucilage, beta-glucans Soluble Naturally found in oats, oat bran, 

beans, peas, barley, flaxseed, berries, 

soybeans, bananas, oranges, apples, 

carrots. 

Helps lower bad LDL 

cholesterol, reduces risk of 

coronary heart disease and 

type 2 diabetes. 

Pectin and gums Soluble Naturally found in fruits, berries, 

and seeds. Also extracted from citrus 

peel 

Slows the passage of food 

through the gastro intestinal 
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tract, helps lower blood 

cholesterol. 

Psyllium Soluble Extracted from rushed seeds or 

husks of plantago ovata plant. Used 

in supplements, fibre drinks 

Helps lower cholesterol and 

prevent constipation. 

Resistant starch Soluble Starch in plant cell walls, unripened 

bananas, oatmeal and legumes. 

May help in weight control, 

helps control blood sugars. 

Wheat dextrin Soluble Extracted from wheat starch, and 

widely used to add fibre in processed 

foods. 

Helps lower cholesterol (LDL 

and total cholesterol), reduces 

risks of coronary heart disease 

and type 2 diabetes. 

 

Mechanisms of Action of Fibre: 

Dietary fibres have three primary mechanisms of action ie, bulking, viscosity and fermentation.  Some fibres contribute 

through one primary mechanism.  Cellulose and wheat bran provide excellent bulking effects, but are minimally fermented. 

Alternatively, many dietary fibres can contribute to health through more than one of these mechanisms. For instance, psyllium 

provides bulking as well as viscosity. They absorb water and can significantly increase stool weight and regularity. Most 

bulking fibres are not fermented or are minimally fermented throughout the intestinal tract. Viscous fibres thicken the contents 

of the intestinal tract and may attenuate the absorption of sugar, reduce sugar response after eating, and reduce lipid 

absorption. 

Health Benefits of Dietary Fibre: 

The principal advantage of a diet high in fibre is in improving the health of the digestive system. It adds bulk to the fasces and 

allows it to pass through the gut more easily.   

1. Fibre and ageing: Fibre is even more important for older people. The digestive system slows down with age, so a high-fibre 

diet becomes even more important. 

2. Fibre and cardio vascular disease: There is good evidence that soluble fibre reduces blood cholesterol levels. When blood 

cholesterol levels are high, fatty streaks and plaques are deposited along the walls of arteries. This can make them dangerously 

narrow and lead to an increased risk of coronary heart disease. It is thought that soluble fibre lowers blood cholesterol by 

binding bile acids (which are made from cholesterol to digest dietary fats) and then excreting them. The protective effect of 

dietary fibre on risk of CVD and CHD is biologically plausible, and there are many potential mechanisms through which fibre 

may act on individual risk factors. Soluble fibre and resistant starch molecules are additionally fermented by bacteria in the 

large intestine, producing short chain fatty acids, which help reduce circulating cholesterol levels. In addition to fibre, many 

other potentially beneficial compounds within high fibre foods could have protective effects. For example, compounds in grains 

such as antioxidants, hormonally active lignans, phytosterols, amylase inhibitors, and saponins have all been shown to 

influence risk factors for CHD, and the combination of compounds within grains could be responsible for their protective effect. 

3. Fibre and weight control: A high-fibre diet is protective against weight gain. High-fibre foods tend to have a lower energy 

density, which means they provide fewer kilocalories per gram of food. As a result, a person on a high-fibre diet can consume 

the same amount of food, but with fewer kilocalories. Fibrous foods are often bulky and, therefore, filling. Soluble fibre forms 

a gel that slows down the emptying of the stomach and the transit time of food through the digestive system. This extends the 

time a person feels satisfied or ‘full’. It also delays the absorption of sugars from the intestines. This helps to maintain lower 

blood sugar levels and prevent a rapid rise in blood insulin levels, which has been linked with obesity and an increased risk of 

diabetes. 
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4. Fibre and diabetes: For people with diabetes, eating a diet high in fibre slows glucose absorption from the small intestine 

into the blood. This reduces the possibility of a surge of insulin; reduce fasting blood glucose, postprandial plasma glucose 

levels and HbA1c. 

5. Skin health: Fibre, particularly psyllium husk, may help move yeast and fungus out of your body, preventing them from 

being excreted through your skin where they could trigger acne or rashes.  

6. Gastro intestinal disease: Dietary fibre (especially insoluble) may reduce your risk of diverticulitis, hemorrhoids, irritable 

bowel syndrome, gall stones and kidney stones.  

7. Fibre and cancer: There is a large evolving body of literature that links dietary fibre to various cancers. Diets with traditional 

high fibre are associated with decreased prevalence of cancer, particularly cancers of the colon and breast. 

Tips for Fitting in More Fibre in Diet 

1. Jump-start your day. For breakfast choose a high-fibre breakfast cereal — 5 or more grams of fibre a serving. Opt for cereals 

with "whole grain," "bran" or "fibre" in the name. Or add a few tablespoons of unprocessed wheat bran to your favourite cereal. 

2. Switch to whole grains. Consume at least half of all grains as whole grains. Look for breads that contain whole wheat, whole-

wheat flour or another whole grain as the first ingredient on the label and have least 2 grams of dietary fibre a serving. Also 

try brown rice, wild rice, barley, whole-wheat pasta and bulgur wheat. 

3. Bulk up baked goods. Substitute whole-grain flour for half or all of the white flour when baking. Try adding crushed bran 

cereal, unprocessed wheat bran or uncooked oatmeal to muffins, cakes and cookies. 

4. Lean on legumes. Beans, peas and lentils are excellent sources of fibre.  

5. Eat more fruit and vegetables. Fruits and vegetables are rich in fibre, as well as vitamins and minerals. Try to eat five or 

more servings daily. 

6. Make snacks count. Fresh fruits, raw vegetables, low-fat popcorn and whole-grain crackers are all good choices. An 

occasional handful of nuts or dried fruits also is a healthy. 

Conclusion 

The dietary shift away from high fibre, low GI foods appear to be one reason for the rise in these chronic diseases. Studies 

indicate that high fibre, low GI diets not only improve glycemic control but are also of benefit in body weight management. 
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Introduction 

Global population is expected to exceed over 9 billion by 2050. This increase in population requires approximately double the 

current food production so, the protein demand will be increase because it is one of the main nutrients required by humans, 

and its deficiency leads to severe illness. The practice of eating insects is known as Entomophagy and this practice is done by 

humans is known as human entomophagy. Insect consumption is not a new concept in many parts of the world. More than 

1900 insect species have been documented in literature as edible, most of them in tropical countries. The most commonly eaten 

insect groups are beetles, caterpillars, bees, wasps, ants, grasshoppers, locusts, crickets, cicadas, leaf and planthoppers, scale 

insects and true bugs, termites, dragonflies and flies. 

Why Eats Insect? 

Entomophagy can be promoted for three reasons: 

1. Health 

a. Many insects are rich in protein and good fats and high in 

calcium, iron and zinc. 

b. Insects already form a traditional part of many regional 

and national diets.   

2. Environmental 

a. Insects promoted as food emit considerably fewer 

greenhouse gases (GHGs) than most livestock. 

b. They are cold-blooded, insects are very efficient at 

converting feed into protein 

c. Insects can be fed on organic waste streams. 

3. Livelihoods 

Insect harvesting/rearing is a low-tech, low-capital investment option that offers. 

Major Groups of Edible Insects 

Globally, the highest consumed insects orders are Coleoptera (31%), Lepidoptera(18%) Hymenoptera (14%), 

Orthoptera(13%),Hemiptera (10 %), Isoptera(3%), Odonata(3 %), Diptera (2 %) and other orders are (5 %).Lepidoptera are 

consumed almost entirely as caterpillars and Hymenoptera are consumed mostly in their larval or pupal stages. Both adults 

and larvae of the Coleoptera order are eaten, while the Orthoptera, Homoptera, Isoptera and Hemiptera orders are mostly 

eaten in the mature stage (Cerritos, 2009). 
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Figure1: Number of insect species, by order, consumed worldwide 

Nutritional Value of Edible Insects 

Insects have been proven to have high nutritional value, especially the protein fraction in terms of adequate amino acid 

composition. A study investigating four insects commonly eaten in Nigeria (African palm weevil, coconut palm rhinoceros 

beetle, caterpillar, and termite) found that the essential amino acids lacking in cereal protein, i.e., lysine and methionine, were 

present in relatively high amounts in these insects ( Ekpo, 2011). The overall protein, fat, and mineral content in insects has 

been investigated in many studies. It has been found that the protein content ranges from 40 g/100 g to 75 g/100 g, the fat 

content from 7 

g/100 g to 77 g/100 

g, and the mineral 

content from 3 

g/100 g to 8 g/100 

g on a dry weight 

(DW) basis. At the 

upper range, 

insects provide 

more protein than 

even meat and 

chicken eggs 

(Mlcek et al., 2014). 

Edible insects in 

Orthoptera 

(crickets, 

grasshoppers, 

locusts) are 

particularly protein rich (Rumpold and 

Schluter, 2013a). However, insect 

protein digestibility is highly variable 

due to the presence of a hard 

exoskeleton (Van Huis, 2016). The 
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Figure 2–Nutritional composition of edible insect orders (1 g/100 g dry matter 

(adapted from Rumpold & Schluter, 2013). NFE, nitrogen-free extract; number 

of species considered by order: Blattodea: 3, Coleoptera: 45, Diptera: 6, 

Hemiptera: 27, Hymenoptera: 45, Isoptera: 7, Lepidoptera: 50, Odonata: 2, 

Orthoptera: 51. 
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second largest component of insect nutrient composition is fat (Mlcek et al., 2014). Various factors such as species, sex, 

reproduction stage, season, diet, and habitat all combine to influence insect fat content (Schluter et al., 2017). Orthoptera, 

Lepidoptera (caterpillars), blattodea (cockroaches), Isoptera (termites), Hemiptera, and Coleoptera (beetles, grubs) have the 

averaged fat content of 13.41%, 27.66%, 29.90%, 32.74%, 30.26%, and 33.40%, respectively (Rumpold and Schluter, 2013a). 

Larvae and pupae have more fat than adult insect (Mlcek et al., 2014). 

Insect Species Used as Feed 

Among the most promising species for industrial feed production are black soldier flies, housefly larvae, silkworms and yellow 

mealworms. Grasshoppers and termites are also viable, but to a lesser extent. 

Black Soldier fly  

Dried black soldier fly prepupae contain 42 percent protein and 35 percent fat (on a dry matter basis). Live prepupae consist 

of 44 percent dry matter and can easily be stored for long periods. As a component of a complete diet, they have been found 

to support good growth in chicks, pigs etc. 

Housefly Larvae 

Maggots are important sources of animal proteins for poultry: they have a dry matter of 30 percent of their total wet larval 

mass, 54 percent of which is crude protein. 

Silkworms 

In most developing countries, animal production is hindered by scarcity and the expense of fishmeal as a feed ingredient. 

Silkworm caterpillar meal proved less expensive than conventional fishmeal, making it well suited in economic terms as a 

substitute. Larva /Pupa stages are consisting of 50-70% protein and 8- 10% fat on the basis of dry matter. 

Mealworms 

They are used to fed broiler chickens and can be grown on low nutritive waste products. Three levels of larvae are used (0, 5 

and 10 percent dry weight) in a 19 percent protein content sorghum–soybean meal basal diet to evaluate feed intake, weight 

gain and feed efficiency. 

Conclusion 

Entomophagy could be the solution to an increasingly urgent food security problem confronting the world. Insects provide 

food at low environmental cost, contribute positively to livelihoods and play a funadamental role in nature. These pests are 

very nutritious and edible, also used as a feed for animals. So, by this practice we can reduce both the pests and pesticides on 

crop plants and also on environment. 
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Introduction: 

“Cucurbits” is a term coined by Liberty Hyde Bailey for cultivated species of the family Cucurbitaceae. Almost all the species 

of this group exhibits similar botanical features, agronomical and ecological parameters and also their susceptibility to insect 

pest and diseases. The family is represented by 130 genera and 900 species (Jeffrey, 1964; 1980). All cucurbits are botanically 

‘pepo’ and belong to the same family which is considered as largest group of summer vegetable crops grown extensively 

throughout tropical and sub-tropical regions of the world. This family includes wide range of genera viz. Lagenaria, Cucurbita, 

Citrullus, Luffa, Momordica and Trichosanthes which can be used in various forms such as salad (cucumber, long melon), cooked 

(gourds), pickles (cucumber), dessert fruits (muskmelon and watermelon) or candied or as preserved (ash gourd). About 36 

genera and 100 types of cucurbits are found in India (Chakravarty, 1982). Cucurbits are commonly annuals, direct sown and 

propagated through seed. However, some perennials like pointed gourd, Ivy gourd and chow-chow are vegetatively 

propagated. Cucurbits are good source of vitamins (vitamin A, C) and minerals (calcium, iron). Majority of the crop belonging 

to this group possess a bitter principle known as cucurbitacin at one stage or the other. Cucurbits are among the most 

established plants developed and utilized by mankind. 

Origin: 

Being warm season crops, cucurbits are believed to be originated in tropical region, mostly in Africa, tropical America and 

Asia, chiefly South East and are distributed mainly in tropical and subtropical regions of the world. 

Cucurbits as a Source of Medicinal Value: 

Being warm season crops, cucurbits are believed to be originated in tropical region, mostly in Africa, tropical America and 

Asia, chiefly South East and are distributed mainly in tropical and subtropical regions of the world. 

1. Cucumber: Immature fruits of cucumber have demulcent effect and are beneficial in human digestion. Its leaves have anti-

diabetic, anti-fungal, anti-bacterial, wound healing property, cytotoxicity, cosmetic anti-ulcer, antioxidant activity, and laxative 

activities.    

2. Muskmelon: The whole mature fruit is useful in chronic eczema. The fruit extract has a high Superoxide Dismutase Activity 

(SOD) responsible for the in-vitro and in-vivo antioxidant and anti-inflammatory properties (Gill and Bali, 2012). 

3. Watermelon: Fruits are used as cooling, strengthening, aphrodisiac, astringent to the bowels, indigestible, expectorant, 

diuretic, stomachic, purifies the blood, allays thirst, cures biliousness, good for sore eyes, scabies and itches. 

4. Pumpkin: The fruit is cooling and astringent to the bowels, increases appetite, cures leprosy and purifies the blood. Seeds 

cure sore chests, hemoptysis, bronchitis and fever. Seeds are useful in management of benign prostatic hyperplasia (Winkler 

et al., 2005) 

5. Bitter gourd: Preferred for the treatment of anaemia, jaundice, malaria, cholera, etc. (Kanchanapoom, 2002). Un-ripe fruits 

are mainly used for diabetes and extensive investigations have shown that an extract of the fruits has marked hypoglycemic 

properties both in animals and humans. 
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6. Bottle gourd: It is helpful for curing pain, ulcers and fever. Syrup prepared from the tender fruits is also useful for pectoral 

cough, asthma and other bronchial disorders.  The pulp of the fruit is considered cool, diuretic, antibilious, and useful in coughs 

and as antidote to certain poisons (Upaganlawar and Balaraman, 2009). 

Table: 1. List of Cucurbitaceous Crops: 

Crops Botanical name Chromosome no. Flower colour Anthesis time 

Cucumber Cucumis sativus 2n=2x=14 Yellow Morning 

Musk melon Cucumis melo 2n=2x=24 Yellow Morning 

Watermelon Citrullus lanatus 2n=2x=22 Yellow Morning 

Bottle gourd Lagenaria siceraria 2n=2x=22 White Morning 

Bitter gourd Momordica charantia 2n=2x=22 Yellow Morning 

Pumpkin Cucurbita moschata 2n=2x=40 Yellow Morning 

Sponge gourd Luffa cylindrica 2n=2x=26 Deep Yellow Morning 

Ridge gourd Luffa acutangular 2n=2x=26 Pale Yellow Evening 

Ash gourd Benincasa hispida 2n=2x=24 White Morning 

Snake gourd Trichosanthus anguina 2n=2x=22 White Evening 

Gherkin Cucumis anguria 2n=2x=24 Yellow Morning 

Spine gourd Momordica dioica 2n=2x=28 Light Yellow Evening 

Pointed gourd Trichosanthes dioica 2n=2x=22 White Evening 

Ivy gourd Coccania grandis 2n=2x=24 White Evening 

Long melon Cucumis melo var. flexuosus 2n=2x=24 Yellow Morning 

Round melon Praecitrullus fistulosus 2n=2x=22 Yellow Morning 

Chow chow Sechium edule 2n=2x=28 White - 

Summer squash Cucurbita pepo 2n=2x=40 Yellow Morning 

Winter squash Cucurbita maxima 2n=2x=40 Yellow Morning 

 

Evolution of Sex Forms in Cucurbits: 

Original form (Primitive sex form)                           Hermaphrodite 

 

 

Intermediate form                      Andromonoecious     Trimonoecious      Gynomonoecious 

 

 

End form                                    Androecious                Monoecious         Gynoecious 

Sex Forms in Cucurbits: 

Cucurbits compromises of various crops along with various sex forms namely staminate, pistillate and hermaphrodite flowers 

which resulted in evolution of several types of sex forms. 

Table: 2. Different Sex Forms: 

Sex forms Cucurbits 
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1. Monoecious (staminate and pistillate flowers produces in 

the same plant) 

Cucumber, Musk melon, Pumpkin, Summer squash, Winter   

squash, Water melon, Sponge gourd, Round melon, Bottle 

gourd, Bitter gourd. 

2. Dioecious (staminate and pistillate flowers are produced in 

separate plant) 

Pointed gourd and Ivy gourd 

3. Gynoecious (pistillate flowers producing plants) 

Watermelon 

Cucumber, Bitter gourd, Musk melon, Watermelon, Ridge 

gourd 

4. Androecious (plant with staminate flowers only) Cucumber, Musk melon. 

5.Andromonoecious (staminate and hermophrodite flowers 

in the same plant) 

Muskmelon, Water melon, Cucumber 

6.Gynomonoecious (pistillate and hermaphrodite flowers 

produces in the same plant) 

Cucumber, Musk melon, Ridge gourd 

7.Trimonoecious (staminate, pistillate and hermophrodite 

flowers produces in the same plant) 

Cucumber 

8. Hermaphrodite Ridge gourd (Satputia) 

Table: 3. Role of Plant Growth Regulators on Different Cucurbitaceous Crops: 

Crops Plant Growth Regulators Reference 

1. Cucumber MH + Ethephon @100 ppm each enhance earliness, 

increased sex ratio and total yield. 

 

Ethrel @150-200ppm, NAA @100ppm, MH @100ppm once 

at two leaves stage and second at four leaves stage 

increases the number of female flowers, fruit-set and in 

turn increases the fruit yield. 

 

GA @1500-2000ppm and silver nitrate @200-300ppm 

induce the male flowers on gynoecious cucumber. 

Kumar et al., 2011. 

 

 

 

 

Meena, 2015 

2. Bitter gourd GA3 @50 ppm, NAA @200ppm and Etherel @50ppm 

significantly increased the number of primary, secondary 

branches and number of nodes. 

 

Etherel @50ppm resulted in appearance of male and 

female flower at lower node.  

 

NAA @200ppm enhances highest number of female 

flowers/vines. 

 

 

 

 

Nagamani et al., 2015 

3. Muskmelon Ethrel @250ppm increases the fruiting and in turns the 

yield. 

 

Exogenous application of Silver thiosulphate @300-

400ppm induces the male flower in gynoecious 

muskmelon. 

 

 

Meena, 2015 

4. Watermelon Exogenous application of TIBA @25- 50ppm, boron @3-

4ppm, molybdenum @3-4ppm and calcium @20-25ppm 

increases the fruiting and the fruit yield. 

 

 

Meena, 2015 
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Foliar spray of foliar spray of GA3 @25-50ppm, Ethrel 

@500ppm, MH @100ppm and NAA @200ppm. GA3 

@25ppm are found most effective in increasing number of 

female flowers and yield. 

CPPU @200 ppm and NAA @150ppm were significantly 

induced parthenocarpy in watermelon. 

 

 

 

Sravani et al., 2018 

5. Bottlegourd Ethrel @100- 150ppm, Maleic hydrazide @400ppm, TIBA 

@50ppm, boron @3-4ppm and calcium @20ppm twice at 2 

and 4-true-leaf stage increases fruit set and yield. 

Ethrel @200ppm at 2 and 4 true-leaf stage increases fruit 

growth and yield. 

Meena, 2015 

 

 

 

Kumari et al., 2019 

6. Pumpkin Ethrel @250ppm increases the female flower production 

and later increases the yield. 

Meena, 2015; Sakthinathan 

et al., 2017 

Conclusion: 

Collectively all the cucurbits have high nutritive values and health benefits, also it possesses considerably high economic value. 
As per FAO, cucurbits accounts for about 5.6% of India’s total vegetable production. Being a largest group of vegetables with  
widest diversity it usually provides a cheap source of food with nutritional security to fight against malnutrition. Several 
studies and research have proved that cucurbits have high scope to enhance overall productivity and production. Therefore, 
in recent years the cultivation of cucurbits is progressively increasing around the world as well as in India. Thus, present review 
markedly highlights the profile and importance of cucurbits. 
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Introduction 

Plant diseases caused by bacterial pathogens have been a major constraint in crop production to meet the ever-increasing 

demands of global population. Adoption of suitable disease management solutions for bacterial diseases is the key for 

maintaining sustainable crop production. In addition to this the development of novel management tactics has also become 

important because of the increasing evolution and resistance attainment to existing bactericides by the bacterial pathogens. 

Genomic research has facilitated a rapid improvement in our 

understanding about bacterial pathogen–host interactions and it has led 

to development of new tactics to incorporate resistance into desirable 

plant cultivars. In recent years some advances have taken place in the 

invention of novel management techniques to tackle phytobacteia. 

1. Targeting the T3SS (Type III Secretion System) of 

Phytobacteria 

The T3SS is a needle-like apparatus that allows pathogens to translocate 

effector proteins directly from the bacterial cytoplasm into the host cell 

cytoplasm. These secreted effectors have the ability to inhibit the host 

immune response and play crucial role in bacterial infection 

(Stavrinides et al., 2008). As the T3SS is important for pathogenesis in 

many Gram-negative bacterial pathogens, this system acts a target for 

the inhibition of pathogenesis in the design of novel disease 

management strategies so in this regard p-coumaric acid (PCA) a 

phenolic compound was identified as a T3SS inhibitor by Li et al., (2009). 

Subsequently trans24-hydroxycinnamo hydroxamic acid, exhibiting an 

eightfold higher inhibitory potency towards T3SS structural and 

regulatory genes relative to PCA was discovered (Li et al., 2015).  In 

addition, many of these PCA derivatives showed minimum inhibitory effect on bacterial growth in vitro, which signifies that 

these compounds do not put high selective pressure for resistance development as traditional bactericides. 

2. Targeting Quorum Sensing: 

Quorum sensing (QS) is a intercellular communication process involved in the regulation of several traits in response to cell 

density via extracellular signalling molecules, such as acyl homoserine lactones (AHLs) or diffusible signal factors (DSFs). Since 

QS depends on bacterial perception of an external signalling molecule, so signal degradation or overproduction of these 

signalling molecules have been targeted. For example, AHL degrading enzymes have been used as a biological control strategy 

via either inundative application of AHL degrading organisms or through the expression of AHL-degrading enzymes in 

transgenic plants (Dong et al., 2001; Molina et al., 2003). Synthesis of AHL molecules in transgenic plants also been used to 
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thwart pathogen attack, as the stimulation of QS-controlled traits at inappropriate timings which leads to malfunctions in the 

orchestration of pathogenesis through a process that has been termed ‘pathogen confusion’ (Lindow et al., 2014). 

3. Targeting Bacterial Biofilms: 

Biofilm provides protects phytobacteria from different environmental stresses, antimicrobial drugs and host defence 

mechanisms, and it acts as a critical virulence factor of many plant pathogenic bacteria. Thus, the development of inhibitors of 

biofilm formation to control bacterial infection has become an attractive research area. Recent studies have demonstrated that 

2-aminoimidazole (2AI) compound can inhibit biofilm formation by the bacterial spot pathogen Xanthomonas euvesicatoria 

under in vitro conditions, when applied in mixtures with copper hydroxide, 2AI suppressed bacterial spot infection in field 

experiments on tomato more effectively than either material alone (Worthington et al., 2012) which indicates that it enhances 

the efficacy of copper hydroxide. In addition to this N-acetylcysteine reduces adhesion and inturn inhibits biofilm formation 

by Xylella fastidiosa a xylem-dwelling pathogen. Two other compounds, 3-indoylacetonitrile and D-leucine, inhibited biofilm 

formation by X. citri ssp. citri. When applied alone or in combination with CuSO4, these compounds reduced bacterial 

populations and disease severity on citrus leaves in glasshouse assays 

(Li and Wang, 2014).  Thus, these biofilm inhibitors need not be used 

as stand-alone products, and potentially could be better applied as 

mixing partners to enhance the efficacy of already existing 

conventional bactericides. 

4. Use of Nanoparticles:   

Particles with at least one dimension within the 1–100-nm range are 

called as Nanoparticles (NPs). Particles within this size range have 

large surface to mass ratio, high reactivity and unique interactions 

with biological systems, which makes them excellent antimicrobials 

compounds, and some properties also make them ideal carriers for 

other antimicrobials. The antimicrobial activities of most NPs are 

because of photocatalysis, the release of toxic metal ions and physical 

damage to the bacterial cell envelope. NPs with photocatalysis activity 

are mostly metal oxides viz., CuO, TiO2, ZnO and Fe3O4 (Li et al., 

2012).  

5. Innovations in Delivery and Other Opportunities for Disease Management:   

Instead of depending on conventional air blast sprayers for application of bactericides which not only targets surface dwelling 

phytobacteria but also leads to loss of chemical through air drift but so there is a need to develop new methods of delivery or 

new strategies to combat pathogens. For instance, endotherapy approaches with fruit trees reduced the incidence of fire blight 

disease over longer time periods than conventional sprays (Acimovic et al., 2015) and may prove to be an effective disease 

management strategy for systemic bacterial diseases. 

6. Genome Editing Methods for The Development of Durable Resistance: 

New and more powerful tools are being designed for genome modification. TALE nucleases (TALENs) are TALE-binding 

domains, fused to the FokI nuclease cleavage domain, which result in a very precise sequence-directed molecular tool to 

introduce double-strand breaks at specific targeted genomic locations. Another recently developed technology that has been 

widely exploited for site specific genome editing is the  /Cas9 system. Clustered regularly interspaced short palindromic 

repeats (CRISPRs) are a family of DNA repeats naturally present in about 40% of bacterial species and in most Archaea, it 

provides acquired immunity against external DNA from bacteriophages or plasmids (Horvath and Barrangou, 2010). This new 

technology has been applied to create mutations in the TaMLO-A1 allele of bread wheat, which encode a protein that inhibits 

plant defence against powdery mildew. This modification conferred resistance to the pathogen (Wang et al., 2014), indicating 
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that CRISPR/Cas editing can be successfully employed in the engineering of durable resistance, even at different levels of 

ploidy. 

Conclusion: 

Collectively all the cucurbits have high nutritive values and health benefits, also it possesses considerably high economic value. 

As per FAO, cucurbits accounts for about 5.6% of India’s total vegetable production. Being a largest group of vegetables with 

widest diversity it usually provides a cheap source of food with nutritional security to fight against malnutrition. Several 

studies and research have proved that cucurbits have high scope to enhance overall productivity and production. Therefore, 

in recent years the cultivation of cucurbits is progressively increasing around the world as well as in India. Thus, present review 

markedly highlights the profile and importance of cucurbits. 
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Summary 

Carissa carandas Linn. belonging to family Apocynaceae is an important, exotic, minor fruit commonly known as “Karonda”. It 

grows wild in bushes and is also referred by different names such as “Christ’s thorn” in South India, kerned in Malaya, 

“namdeng” in Thailand and “caraunda/ perunkila” in Phillipines. In India, it is cultivated is in a limited way in the tropical 

and subtropical mediterranean region. It produces berry-sized fruits that are commonly used as a condiment or additive to 

spices and pickles. It is very hardy and drought-tolerant plant that adapts well in a wide range of soils. It is used widely as 

medicinal plant by tribals throughout India and popular in various indigenous system of medicines like Unani, Ayurveda and 

Homoeopathy. The major bioactive constituents, which impart medicinal value to the herb, are alkaloids, flavonoids, saponins 

and large amounts of cardiac glycosides, triterpenoids, phenolic compounds and tannins. The notable biological activities 

include analgesic, anti-inflammatory, anti-pyretic, cardiotonic and histamine releasing and many more. 

Introduction 

Karonda (Carissa carandas), a fruit of dryland, belonging to the dogbane family ‘Apocynaceae’, is found to be widely distributed 

throughout India. It grows wild in bushes and is also referred by different names such as “Christ’s thorn” in South India, 

“kerenda” in Malaya, “namdeng” in Thailand and “caraunda/ perunkila” in Phillipines. It is found commonly growing in 

India, Malaysia and South Africa. In India, it grows in some states like Bihar, West Bengal, Maharashtra, Rajasthan, Gujarat, 

Uttar Pradesh and Karnataka. It is a well suited to grow in arid climate and do well under higher temperature. It is commonly 

used for the purpose of hedge in orchards. Karonda fruit is a rich source of iron and contains a good amount of Vitamin C. 

Karonda is commonly propagated by seeds. To make use of the unripe fruits, they are harvested from mid- May to mid- July. 

The month of August and September are the main ripening season. The chemical investigations on C. carandas had led to the 

isolation of many useful substances including β-sitosterol, lupeol, mixture of cardenolides, carissone and a new substance, 

carindone. 

Botany 

Karonda (Carissa carandas) is an evergreen, perennial and deciduous shrub usually 2-4 m in height. The stem has high content 

of white latex and the branches generally contain sharp spines. Flowers are white and small in size of about 3-5 cm in diameter. 

Taxonomical Classification 

Kingdom- Plantae | Order- Gentianales |Family- Apocynaceae |Genus- Carissa|Species- carandas. 
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1. Leaves: These are oblong and conical, 10-15 cm long and 5-8 cm wide, brown below and 

greenish on the top. 

2. Flowers: White or yellowish flowers found in clusters. 

3. Fruits: Type of fruit is berry and it is formed in clusters of 3-10 fruits. The fruit is globular to 

broad ovoid in shape and contains many seeds. Young fruits are pinkish white in colour which 

becomes red to dark purple on ripening. Also, ripe fruit colour varies depending upon the species; 

may be white, green or pinkish red. 

Flowering starts in the month of January- February and fruits attain maturity in May-June. Fruits 

to be consumed as vegetable should be harvested at immature stage and fully ripen fruits are 

eaten fresh or used for processing. 

4. Bark: Bark is thick, soft and red colour in the inside and smooth grey on the outside. 

Medicinal Uses of Karonda 

The karonda fruit is an astringent, antiscorbutic and used as a remedy for cure of anaemia. In traditional medicine, the fruit is 

used to remove worms from the intestinal tract. The fruits have anti-microbial and antifungal properties and its juice also heals 

infected wounds. The fruit have anti- inflammatory and analgesic action. The juice of the fruit can also be used for any skin 

problem. 

Traditional Use of Karonda 

The plant is commonly used as an additive or condiment to Indian spices and cold beverages. The sweeter types may be eaten 

raw but the more acidic ones may be stewed with plenty of sugar. Leaf extracts can be externally applied for curing leprosy. 

For controlling worms of minors, two drops of plant oil are given with half cup of honey. Traditional healers of Chhattisgarh 

use different plant parts to cover the cancerous wounds and to kill the maggots. Karonda is mainly used for making different 

processed products like pickle, jelly, jam, squash, syrup and chutney at industrial scale. Fruit is edible and it is pickled before 

ripening. The ripe fruit release gummy latex when it is cooked, but yields a rich red juice which becomes clear when cooled, 

which is used as a refreshing cooling drink in summer. It is also sometimes substituted for apples to make an apple tart, with 

cloves and sugar to flavor the fruit. In many parts of India, fruits are commonly cooked with green chilies to make a tasty dish 

taken with chapattis. 

Pharmacological Activities 

C. carandas have a wide range of pharmacological activities due to presence of extensive range of phytochemicals that impart 

enormous medicinal value to the plant. Pharmacological importance of these fruits has been investigated by several researchers 

through in vitro and in vivo advances. The leaves of the plant were extracted using different solvents by different investigators 

using various extraction methods such as: methanol, ethanol (80%), ethanol (95%), ethanol and water (1:1), etc. The leaves and 

fruit parts of the plant were extracted with water, chloroform, ethyl acetate in shaker. The roots of C. carandas are antihelminthic, 

antiscorbutic, stomachic and cures scabies and diabetic ulcer. The unripe fruit is constipating, appetiser, antipyretic and useful 

in anorexia, diarrhea, hyperdipsia, disease of brain, nematicidal and intermittent fevers. Decoction of leaves is advised at the 

commencement of fever. 

1. Anti-inflammatory and anti-pyretic activity: Analgesic, anti-inflammatory and antipyretic activities of ethanol and aqueous 

extracts from C. carandas roots in rodent models were reported by many scientists. 

2. Anti-oxidant activity: C. carandas is found to be a very excellent antioxidant. The results suggest that C. carandas fruit extract 

was the most potent antioxidant as it exhibited exceptional reducing power, scavenging activity against Nitric oxide, DPPH 

and peroxide radicals. Good correlation was also observed with radical scavenging activity of extracts, flavonoids and total 

Karonda fruits 

Karonda plant 
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phenolic content. All the antioxidant activities were compared with standard antioxidants like ascorbic acid. Methanol extract 

exhibited the highest free radical scavenging activity at tested concentrations. 

3. Anticancer activity: The extracts of C. carandas fruits in chloroform, n-hexane and methanol were screened for their anti-

cancer activity on the lung cancer cells and human ovarian carcinoma cells. All extracts showed excellent anti-cancer activity. 

Further, anti-cancer and antioxidant potentials of the extracts were analyzed by unusual antioxidant enzymes such as catalase, 

dismutase, superoxide, glutathione-s-transferase and glutathione on MCF-7 cancer lines.  

4. Anti-diabetic activity: Anti-diabetic activity of aqueous extract of C. carandas leaves are evaluated on alloxan induced and 

normoglycemic Wister rats, and it was found that the doses of 500 and 1000 mg/kg of the drug significantly(P<0.05) reduced 

the blood glucose level of alloxan induced diabetic rats at 4, 8 and 24 hrs. Both doses of plant extract had significant (P<0.05) 

hypoglycemic as well as anti-hyperglycemic property. Further, methanolic extract and its fraction of fruits were evaluated for 

anti-diabetic activity in alloxan induced diabetic rats. It is reported that the methanol extract and its ethyl acetate soluble 

fraction have significantly lowered the increased blood glucose levels at dose level of 400 mg/ kg after 24 hrs, as compared to 

diabetic control.  

5. Cardiovascular activity: The ethanolic extract of roots of C. carandas exhibited cardiotonic activity and lowered the blood 

pressure. The cardiac activity of plant has been recognized to the presence of water-soluble glucosides known as odoroside.  

6. Anti-malarial activity: Methanolic and aqueous extracts of leaves, stem bark and fruit of the plant C. carandas, tested against 

Plasmodium falciparum 3D7 strain. Both aqueous and methanolic extract exhibited promising anti-malarial activity (IC50 ranged 

between 41.52 and 100 μg/mL) and (IC50 ranged between 13.57 and 69.63 μg/mL).  

7. Antiviral activity: The ethanolic fruits extract of C. carandas possess effective antiviral activity against polio virus at 6 μg/ml 

HIV-1, Sindbis virus at 3 μg/ml and herpes simplex virus at 12 μg/ml. 

8. Antimicrobial activity: The ethanolic extract of fruit has powerful antibacterial action against different test bacteria like B. 

subtillis, S. aureus, E. coli, S. faecalis, S. typhimurium and P. aeruginosa.  

9. Anti-constipation and anti-diarrhea activity: It were investigated that ethanolic extract of fruits and roots in models of 

rodent exhibited better anti-diarrheal. In the castor oil induced diarrhoea experiment, the ethanolic fruit extract produced a 

markable anti-diarrhoeal activity at dosage of 200 and 400 mg/kg. 

Processed Product of Karonda 

                           1.   2.  3.   
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4. 5.   6. 

Fig. Different products from karonda- 1. Karonda jelly, 2. Karonda jam, 3. Karonda cherry, 4. Karonda juice and 5. Karonda 

chutney, 6. Karonda pickle. 

Conclusion 

Karonda’s full potential is yet to be explored and needs promotion and publicity in the national and international markets. It 

has been identified as a new member to the available range of tropical fruits with multiple uses. The demand for this fruit has 

been limited mainly due to lack of awareness on food value of the fruit. Therefore, it is necessary to established large scale 

cultivation units where sizable quantities are made available for market promotion. Promoting the processed products among 

the consumers should also be encouraged. Further research should also focus on the extraction and purification techniques for 

the use to cure human ailments. 
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Abstract  

Soil solarization is physical process that results in the death of soil organisms. This control method affects many organisms, 

even though the elimination of only specific weeds, fungi, bacteria, viruses, nematodes, or pests is desirable. Even if complete 

solarization is achieved, it is short lived since organisms will recolonize this biological vacuum quite rapidly. Soil solarization 

can be achieved include steam and solar energy. Dielectric heating and gamma irradiation are used less frequently as soil 

sterilization methods. 

Soil Solarization  

Soil solarization, known as soil sterilization or pasteurization, has been successfully used as a non-chemical method to control 

or reduce soilborne insect pests, pathogens, mites, and weeds. Polythene sheets trap the heat from the solar radiation and 

increase it to the level that is lethal to the weed seeds and seedlings. It requires prolonged exposure to sunlight with increased 

ambient temperatures for a sufficient period to reduce the weed seed populations in the soil. This technique has been 

extensively used for high-value horticultural crops, such as lettuce, garlic, tomato, and squash, which can compensate the 

increased costs of solarization. Soil temperature, mulching material, soil moisture, and climatic conditions are considered as 

critical factors in affecting the solarization efficiency. 

Polyethene, polyvinyl chloride, and ethylene-vinyl acetate are among the most common plastic films used in agriculture, which 

perform much better than black sheets in soil solarization Due to the flexibility, tensile strength, and puncture resistance, low-

density polyethene has been widely used as agricultural mulch. The use of double-layer polyethene sheets is the improved soil 

solarization technology that causes a 3–10°C increase in soil temperatures as compared with single one 

Mechanism 

It is a hydrothermal disinfection method in which moist soil is covered usually using a colored polyethene sheet during the 

hot summer months. This process causes in thermal, physical, biological, and chemical changes within the soil (Stapleton and 

DeVay, 1986). Solar radiations are composed of shortwave solar radiations and longwave terrestrial radiations. 

The shortwave radiations pass through the polyethene sheet, and longwave terrestrial radiations are held back, which results 

in increasing soil temperature, lethal to the insect pests, pathogens, and weeds. Soil solarization has been attributed to reducing 

the pest intensity through the direct or indirect mode of actions. In the direct pest inactivation, the competitive ability of the 

unwanted plant is suppressed by plant exposure to lethal temperatures. 

Effects of Heat on Soil Properties 

1. Physical properties: Arocena and Opio (2003) observed that increased soil temperature induces dehydration of 2:1 clay 

minerals leading toward a strong clay particle interaction,which produces less clay andmore silt-sized particles in the soil. In 

addition to this, high temperature creates heat-induced cracks in the sand-sized particles that result in the breakdown and 

reduces sand-sized particles in the soil. It also lowers the clay content and increases the silt content. Increases in soil temperature 

over 30°C increase the aggregate stability of the soil due to the thermal transformation of iron aluminum oxides, which act as 

cementing agents for clay particles to form strong silt-sized particles in the soil 

2. Chemical Properties: High temperature decreases the soil organic matter through combustion, which also reduces the clay 

size fraction, leading toward reduced cation-exchange capacity in the soil (Ubeda et al., 2009). Denaturation of soil organic 
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matter at high temperature increases the soil pH. Nutrients contained in the fossil fuels and soil organic matter are usually 

cycled in the environment by biological decomposition processes when the temperature reaches 38°C, and sufficient soil 

moisture is available to sustain microbial activity. 

3. Biological Properties: Soil temperature (10–28°C) significantly affects the soil respiration through increasing the extracellular 

enzyme activity, which degrades the soil polymeric organic matter and increases the microbial soluble substance retake and 

thus increases the microbial respiration rate Allison et al., 2010). Temperature influences the soil biota activity directly through 

affecting the physiological activities (i.e., enzyme activity) or indirectly through altering physicochemical properties, such as 

nutrient diffusion and solubility, mineral weathering, and evaporation rate. 
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Introduction  

Tamarind (Tamarindus indica L.) is an evergreen crop grown in arid and semi-arid regions of India. It is also called as "Indian 

Date" from the date like appearance of dried pulp. The fruit is good source of calcium, phosphorus, iron and vitamins and also 

contains small amounts of vitamin A and C (Manjula, et al.,2017). The most useful part of tamarind tree is the fruit, as it contains 

a sweetish, acidic pulp, which is widely used for souring curries, sauces, chutneys and certain beverages (Divakara, 2008). 

Tamarind fruit pulp is soft and thick, brown or reddish brown in colour, and 55 per cent of the fruit is filled with fruit pulp 

while the remaining 34 per cent and 11 per cent are contributed by seed and shell respectively (Yahia et al., 2011). India is the 

largest producer (300,000 tons) and exporter of tamarind pulp followed by Thailand (140,000 tons) and 45% of tamarind trees 

are planted only for fruit pulp of food and medicinal value (Narina, et al., 2018). Tamarind is highly wind resistant tree, with 

strong, supple branches, gracefully drooping at the ends and has dark gray, rough, fissured bark and grown in backyards, 

roadsides or wastelands (Gunasena, et al., 2000). 

It is a valuable timber species used in making furniture, tool handles, charcoal, rice pounders and fuel wood. Almost every 

part of the tree is used. In intertropic zone, tamarind pulp, leaves and flowers are commonly consumed in various dishes or 

traditional drinks due to its high nutritive and calorific value as presented in Table 1 (Morton, 1987). When fruits are ripe, pulp 

is rust coloured and contains 38 % moisture content. Traditional processing for food preparation is widespread, whereas its 

commercial uses (pasturized juices, tamarind paste) are still relatively unknown and underdeveloped (Grollier, et al.,1998). 

Table 1: Nutritive value per 100g of edible portion: 

Constituents Pulp (ripe) Young Leaves Flowers 

Calories 112 - - 

Moisture (g) 28.2-52.0 70.5 80.0 

Protein (g) 3.10 5.8 0.45 

Fat (g) 0.1 2.1 1.54 

Fibre (g) 5.6 1.9 1.5 

Carbohydrates (g) 67.4 18.2 - 

Invert Sugars (g) 30-41 - - 

Ash (g) 2.9 1.5 0.72 

Calcium (mg) 35-170 101 35.5 

Phosphorus (mg) 54-110 140 45.6 

Iron (mg) 1.3-10.9 5.2 1.5 

Sodium (mg) 24 - - 

Potassium (mg) 375 - - 

Thiamine (mg) 0.16 0.24 0.072 

Riboflavin (mg) 0.07 0.17 0.148 

Niacin (mg) 0.6-0.7 4.1 1.14 

Ascorbic Acid (mg) 0.7-3.0 3.0 13.8 

Tartaric Acid (mg) 8-23.8   

Source: Morton, 1987 
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The leaves are an important source of food and herbal medicine and the edible pulp of ripe fruits is used as flavouring agent 

in soups, jams, chutneys, sauces and juices (Ishola, et al., 1990). The fruit pulp is the richest natural source of tartaric acid is the  

main acidulant used in the preparation of foods in india and other Asian countries. Other industrial products include tamarind 

juice, concentrate, powder, pickles and paste (Shankaracharya, 1998).  

 

Products of Tamarind Fruit and Pulp 

1. Dried fruit block: The de-seeded dried fruits are compressed to fruit blocks for commercial use and transported to distant 

places having export value. These blocks are rich in all the nutrients available from a single dry fruit.  

2. Candies: Tamarind pulp is used to make candies, lollipops, jellies of sweet and sour taste. Tamarind pulp bars are made and 

mixed with dried or dehydrated fruits like banana, mango, breadfruit, jackfruit etc. 

3. Puree or Paste: It is made after removing seeds and fibrous material using little amount of sterilized water with little heating. 

This paste is used for making tamarind rice, sambar with pulses and other vegetables. 

4. Sauce and Jams: Tamarind sauce is used to spice the snacks like chips, and an important ingredient of barbecue sauce (USA) 

or samosa (India). Sweet tamarind pulp is used to make jams. 

5. Sweet fruit pulp balls/toffee: Pulp is extracted, dried or dehydrated to make fine powder and mixed with finely grind sugar 

to make balls/toffee. The thick concentrated pulp is made into balls and rolled in fine sugar as a coating. The preparation 

depends on the sweetness of the pulp. If the pulp is highly sweet and it needs less sugar. 

Table 2:  Tamarind tree parts and its uses 

Mode of use Plant parts/products and uses 

Food Fruit pulp and fried seeds are eaten raw as snack; raw fruit, flower, leaves as salad; pulp used as 

preservative, and to prepare several culinary dishes, chutney, tamarind juice concentrate, pulp 

powder, pectin, jams, syrups, candy, and for making souring porridge, tartaric acid, alcohol, 

summer refreshing drink, seasoning, flavouring. 

Fodder Foliage and cooked seeds used as animal feed 

Agriculture Flowers used for honey production; roots fix nitrogen in soil. 

Fuel Tamarind wood is good firewood (4850 kcal/kg) and excellent charcoal. But no one uses for 

firewood in general in Southeast Asia. 

Timber Sapwood is light yellow and heartwood is dark purplish brown, very hard, durable and strong 

used to make a variety of tools, furniture and utensils, poles, posts, boats, building materials; it is 

sold in USA as “madeira mahogany”. 

Tannins Both leaves and bark are rich in tannins to yield ink and dye 

Lipids Seed oil for paints, varnishes and for oil burning lamps 

Medicine Leaves, twigs, bark and roots have medicinal value; bark decoction used for asthma, amenorrhea, 

used as a febrifuge and a digestive tonic, used to treat sores, rashes, ulcers, boils; leaf decoction is 

used to treat throat infection, rheumatism, cough, fever, intestinal worms, conjunctivitis; pulp is 

used to treat scurvy; seeds used to cure dysentery and diarrhoea 

Other uses Pulp is used to clean copper and brass utensils; seed pectin used for sizing textiles; tree is a host for 

wild silk worms; tree is a windbreak, live fence, ornamental plant in parks, roads and river banks 

for aesthetic value and shade; wood is ground and used as mulch for flower beds. 

Source: (Narina, et al., 2018). 
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6. Tamarind pulp powder: Tamarind puree is dehydrated and dried to get fine powder for use as chief acidulent of many food 

products. It is the richest natural resource of tartaric acid of 8-18 per cent, starch, minerals like calcium and potassium 

(Shankaracharya, 1998). 

7. Tamarind Pickle: Matured ripe fruit without shells and seed are used for making pickle by mixing with spices and salt. This 

pickle is good for one year without loss in quality and taste. 

8. Tamarind chutney: This is eaten with rice or any rice product (idli, dosa etc.) in India. Green mature or immature fruits are 

used for making chutney in general to restore its values of nutrition and provide antioxidants to human’s internal system. 

9. Fruit juice concentrate: made by squeezing the ripe fruit after soaking in water and removing fibrous material. It is used as 

a preservative of millet breads served during the times of war in Africa. Sometimes sugar or honey is added to enhance taste. 

Health Benefits of Tamarind 

1. A good source of antioxidants, especially vitamin C, flavonoids, carotenes, vitamin B complex and improving and 

strengthening the immune system. 

2. The tamarind pulp in an excellent source of potassium which is used for controlling the heart rate and blood pressure. 

3. Tamarind is also enriched with carotene and aids in lowering bad cholesterol levels. 

4. Tamarind juice acts as a tonic, carminative, antiseptic, cleaning agent and febrifuge and regulating the malfunctioning of 

intestines and other organs of digestion. 

5. The juice extract of tamarind is used for treating bronchitis and sore throats. 

6. Tamarind juice, when taken in the heated form, is an effective cure for conjunctivitis. 

7. Diluting tamarind juice with lemon, milk, honey and dates serves as a digestive aid and as an effective cure for biliousness 

and bile conditions. 

8. A mild decoction of the pulp, when given to children, helps in eliminating worms and other intestinal parasites. 

9. Tamarind has been associated with treating many diseases. 
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Introduction  

Pachagavya is an organic product which can use as manure in vegetable crops. This is prepared by using five main ingredients 

cow dung, cow urine, cow milk, Desi cow ghee, and curd. Panchagavya is used for organic farming as it plays a major role in 

the growth of plants and also in increasing the immunity of plants. By increasing the immunity, the plants will be able to resist 

the pests and diseases caused by them. The specialty of Panchagavya is its nutrient content. It has macronutrients like Nitrogen, 

Phosphorus and Potassium which are the main things required for the growth of plants. It also has micronutrients which are 

very much helpful in the growth of plants and their healthy development. Panchagavya also contains many vitamins, amino 

acids. It contains Gibberellins and Auxins which regulate the growth of plants. It also contains microorganisms like 

Pseudomonas, azotobacter, phosphor bacteria which are considered to be beneficial for plants. 

Ingredients which required for preparation of Panchagavya 

1. Fresh cow dung – 5 kg 

2. Cow urine – 5 lit 

3. Cow milk – 1 lit 

4. Cow curd – 1 lit 

5. Cow ghee – 500 grams 

6. Coconut water – 1.5 lit 

7. Sugarcane juice – 1.5 lit 

8. Ripened banana – 6 

9. Yeast – 50 grams 

Here, to improve or speed the fermentation process, organic farmers use coconut water or sugarcane juice. This also helps in 

reducing the bad odor coming from the mixture. 

Panchagavya Preparation Steps  

Step 1:  Take 5 kg’s of cow dung and 500 grams of cow ghee and mix them and pour them into a mud pot. This mixture should 

be stored and stirring morning and evening for 3 days.  

Step 2: Take 5 liters of cow urine and 5 liters and water and mix them into the previous mixture. This new mixture should be 

stored for two weeks. This mixture should be stirred two times a day. It is better to stir the mixture once in the morning and 

the other time in the evening. 

Step 3: After the completion of two weeks, then you need to add 1 liter of cow milk, 1 liter of curd, 1.5 liters of coconut water, 

1.5 kg’s of Jggery, 6 ripened bananas. Make sure that you are making a paste of ripened bananas. If this mixture is stored for a 

month by stirring it three times a day regularly, then the Panchagavya will get ready. 

Panchagavya Preparation Tips 

1. The final mixture can be added to a mud pot which has a wide mouth, a concrete or plastic tank. 

2. The container with the mixture should be kept open and you need to make sure that the container is under shade. 

3. Ensure to stir the mixture two times a day. 
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4. The farmer should prefer keeping the prepared mixture in shade and cover it with wired or plastic mesh. This should be 

done in order to restrict the tiny insects like house flies from laying the eggs and form maggots in the mixture. 

5. Extra care should be taken to check if any products of buffalo are not mixed. 

6. If you do not have sugarcane juice available, then you can mix 250 grams of Jaggery in 1.5 liters of water and use it in place 

of sugarcane juice. 

Benefits of Panchagavya in the Yield of Vegetable 

Crops 

Vegetables: 

a. By using Panchagavya, the yield of vegetables can be 

increased up to 20%. 

b. The yield will be two times of the original yield in cases 

of vegetables like cucumber. 

c. The vegetables grown using Panchagavya tend to have 

skin which is appealing and also shiny. 

d. The shelf life of the vegetables will also increase by the 

use of Panchagavya. 

e. The vegetables will be tasty too. 

Recommended Dosage of Panchagavya to Crops  

1. If you are using the spray system, then 1.5 liters of 

Panchagavya should be fixed with 50 liters of water. If you 

are using power sprayers which have a capacity of 15 liters, 

then you can go with 500 ml tank of the Panchagavya. 

Moreover, while using power sprayers, you need to make 

sure that all the sediments are filtered. And when you are using hand sprayers, then you need to go with the nozzle which has 

a large pore size. 

2. If you are using a flow system to spray Panchagavya, then you need to mix the Panchagavya solution at the rate of 25 liters 

per acre. This can be done by using either drip irrigation or flow irrigation. 

3. Seed or seedling treatment is another method of spreading Panchagavya. The seeds should be soaked in 100 ml of 

Panchagavya before planting them. This soaking should be done for at least 25 minutes. But if you are going for crops like 

turmeric, sugarcane or ginger, then you can soak the seeds for half an hour. 

4. The seeds can also be dipped in 100 ml of Panchagavya solution before getting them dried or storing them. 

Periodicity of Panchagavya dosage 

1. When the crops are in the pre-flowering stage, then there should be two sprays in a span of two weeks. The number of sprays 

depends on the duration of the phase of the crops. 

2. When the crops are in the flowering stage, then two sprays should be given in a span of ten days. 

3. When the crops are in pod maturing stages or fruiting stage, then the spray should be given for one time during the pod 

maturation. 

Time schedule for application of Panchagavya on different commercial crops 

1. For cole crops, Panchagavya should be applied after the sowing of seeds is done. Apply Panchagavya on 15th, 30th and 45th 

days. 

2. In the cultivation of ladies finger, the Panchagavya should be applied after sowing of seeds is done. After sowing, it should 

be applied on 30th, 45th, 60th and 75th days. 
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3. In the cultivation of Tomatoes, Panchagavya should be applied during nursery stage. After nursery stage, it should be 

applied on the 45th day from the day when the transplantation is done. Seed treatment should be done by soaking the seeds 

in 30 ml of Panchagavya solution for about half a day. 

4. In the cultivation of onions, Panchagavya should be applied after transplantation. It should be applied as soon as the 

transplantation is done. After that, it should be applied on 45th and 60th days. 

Effects of Panchagavya 

1. When the plants are provided with the solution of Panchagavya, then the plant produces bigger leaves. The leaves will not 

only be big but also dense. Due to the application of Panchagavya, the system of photosynthesis gets activated which helps in 

improving the biological efficiency, which in turn increase the production of metabolites. 

2. Moreover, with the application of Panchagavya, the stem will have a chance to produce side shoots which have the capacity 

of carrying maximum matured fruits. The branching will be very high with the application of Panchagavya when compared 

to the fertilizers used in inorganic farming. 

3. With the use of Panchagavya, there would be an improvement in rooting. It becomes dense and profuse which helps them 

in being fresh for a large period of time. One more advantage is that there would be a deeper root growth, which helps in the 

maximum nutrient intake. 

4. When the land is converted from an inorganic to an organic farm, there would be a depression of yield. Panchagavya will 

help the farm to restore the level of yield from the very first year of implementation. The main advantage is that the harvest of 

crops would be advanced by at least 15 to 20 days. Along with the shelf life of the vegetables, fruits and flowers, it also increases 

the taste. Panchagavya helps in reducing the input of chemical fertilizers to the crops and also ensures good profits to the 

farmers. 

5. Due to the use of Panchagavya, there would be a thin film formed on the leaves and stems of the crops. This will decrease 

the evaporation of water in plants. The roots developed by the plants in the organic farm will have the capability to withstand 

long dry periods. 

Conclusion 

Liquid Organic preparations Panchagavya contain higher number of bacteria, fungi, actenomycets, N-fixers and Psolubilizers 

from the studies it is evident that jeevamrita to be used between 15 to 20 days after preparation. The application of Panchagavya 

would supplement the application of biofertilizers and they can be prepared easily by locally available materials by the farmers, 

in rural areas. 
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Summary 

With the recent advancement in technology and urban infrastructure development, urban-dwellers generally spend 80–90% of 

their time indoors whether it may be inside personal home or inside space of office. The continual improvement in our quality 

of life has made the indoor air quality an important area of concern in the twenty-first century. Plants have been suggested to 

serve as an attractive and cost-effective way to improve indoor air quality (IAQ) and may be useful in removing pollutants 

from indoor air. A number of studies reported that potted-plants have a capacity to contribute to the improvement of indoor 

air quality, by reducing air-borne contaminants such as VOCs, nitrogen oxides and dust, as well as by aiding humidity, 

temperature and noise control. To ensure sustainability of the urban environment, indoor plants can be expected to become 

standard technology for improving IAQ – a vital building installation element. 

Introduction 

With the recent advances in technology and urban infrastructure development, people are spending much of their time indoors 

whether it may be inside personal home or inside space of office. Even increase in home delivery services have encouraged the 

people to stay indoors. The air that we breathe in any indoor locations is not as fresh as our body needs. Since urban-dwellers 

generally spend 80–90% of their time indoors, the air quality of the indoor environment has now a days become a major health 

consideration in the developing world. It is reported that indoor air can contain 5 to 7 times more contaminant concentration 

as compared to outdoor air. The harmful effects of these mixtures have been recognized to be the components of ‘sick building 

syndrome’ includes symptoms of headache, dizziness, nausea, sore eyes and throat, or loss of concentration. Plants have been 

suggested to serve as an attractive and cost-effective way to improve indoor air quality (IAQ) and may be useful in removing 

pollutants from indoor air. Many of the potted house plants have shown to remove most of the airborne pollutants arising from 

either outdoor or indoor sources. Also, a number of studies suggested that potted-plants have a capacity to contribute to the 

improvement of indoor air quality, by reducing pollutants such as VOCs, nitrogen oxides and dust, as well as by aiding 

humidity, temperature and noise control. Many surveys have also shown that staff wellbeing and productivity in doing house 

work has improved where indoor plants have been installed. The risk of illness, due to the pollutants present in air is high. It 

is recognized that the main purpose of ventilation is not as much to replenish O2 as to remove CO2. Potted-plants can reliably 

reduce indoor airborne pollutants- particulate matter (PM) and total volatile organic compounds (VOCs), loads, a major class 

of indoor pollutants, by 75%, to below 100 ppb. Differential functions of various plant species may be related to the amount of 

leaves, wax layer composition, stomatal conductance or hairs. This attractive, portable, flexible, low-cost technology can 

complement any engineering measures and can be used in any building. 

What is Indoor Air Quality (IAQ)? 

Indoor Air Quality (IAQ) is a term which refers to the air quality within and around buildings and structures, especially as it 

is related to the health and comfort of building occupants. Collectively, these pollutants result in a significant reduction in 

indoor air quality that can affect the health and wellbeing of those exposed. The indoor air pollutants mainly include VOCs 

such as aromatic hydrocarbons (e.g., benzene, toluene, ethyl benzene, xylene); Aliphatic hydrocarbons (e.g., hexane, heptane, 

octane, decane); Halogenated hydrocarbons [e.g., trichloroethylene (TCE), methylene chloride]; and Terpenes; Oxides of carbon 

(CO, CO2), nitrogen (NO2) and sulphur (SO2); Smoke, Particulate matter, Ozone, Radon and Biological contaminants. Health 

risks may include acute illnesses (asthma, nausea, fatigue); Chronic diseases (e.g., cancer, immunologic, neurologic, 
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reproductive, developmental and respiratory disorders); and can result in “multiple chemical sensitivity”, and “new house 

syndrome” or “sick building syndrome”.  

Purpose of growing indoor plants 

a. Adds aesthetic value to the interior decoration. 

b. Create sense of recreation. 

c. Can be used to divide the indoor living area. 

d. To reduce expenditure on wide open area outside house since population density increasing at alarming rate in 

urban area. 

e. House plants tend to reduce dust levels and stabilise humidity and temperature; act as natural humidifiers. 

f. Foliage potted plants are used because of their varied growth habits, brilliant patterns of leaf variegation and texture, 

elegant flower shapes and colours, tolerance to low light levels etc. 

g. Plants bring beauty and comfort to our surroundings, contribute to the psychological well-being of people and 

remind us of nature. 

h. Indoor plants also baffle noise; thus, reducing the effect of excess noise. 

i. Indoor plants are known to absorb air pollutants via their stomata during normal gas exchange and degrade it; 

reduces health risks. 

j. Several pollutants may be sequestered in situ or after transfer to other locations in the plant. 

k. Some air pollutants are also reported to be removed by adsorption or absorption to the plant surface, microorganisms 

or soil particles. 

Different List of Plants That Can Be Added to Indoors 

Sl. No. Name of plant Family and Origin Uses Picture 

1. Areca palm (Dypsis 

lutescens) 

Common name: 

golden cane palm, 

yellow palm, butter 

fly palm 

Family: Arecaceae 

Origin: Medagaskar and 

South America 

It is known to be one of the 

better performers in purifying 

the air. Its attractive nature has 

been awarded the Royal 

Horticultural Society's Award 

of Garden Merit, for a plant 

grown more commonly 

indoors than outdoor. 

 

2. Snake Plant 

(Sansevieria 

trifasciata) 

Common name: 

Mother-in-Law's 

Tongue 

Family: Asparagaceae 

Origin: West Africa 

Snake plant is known as "the 

bedroom plant." While most of 

plants take away oxygen at 

night, this one gives off 

oxygen at night. It also filters 

formaldehyde, xylene, toluene 

and benzene from air. 
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3. Rubber plant (Ficus 

elastica) 

Family: Euphorbiaceae 

Origin: South America. 

Rubber plant has a high 

transpiration rate which 

increases the humidity of the 

room. It absorbs exhaled 

carbon dioxide and convert it 

to breathable oxygen. It also 

eliminates bacteria and mold 

spores in the air. Their large 

leaves can absorb airborne 

chemicals and break them 

down rendering them 

harmless. 

 

4 Peace lily 

(Spathiphyllum 

wallisii) 

Common name: 

Spath or peace lilies. 

Family:  Araceae 

Origin: Tropical 

America and 

Southeastern Asia 

Peace lilies removes benzene, 

which can be naturally given 

off by gasoline, paint, rubber, 

tobacco smoke, detergent and 

a variety of synthetic fibers. It 

also removes 

trichloroethylene, which can 

be found in paint, lacquer and 

glue. 
 

5. Gerbera (Gerbera 

jamesonii) 

Common name: 

Barberton and 

Transvaal daisy 

Family: Asteraceae 

Origin: Indigenous to 

Southeastern Africa 

Its colourful display, high 

transpiration rate and ability 

to clean the air of toxic gases 

make this a highly valued 

seasonal indoor plant. 

 

6. Diffenbachia 

(Diffenbachia seguine) 

Common name: 

Dumb cane and 

Leopard Lily 

Family: Araceae 

Origin: Mexico and 

West Indies 

We have formaldehyde in our 

homes from paper towels, 

garbage bags, tissues and floor 

coverings. Dieffenbachia not 

only removes formaldehyde, 

but also xylene and toluene -

two other pollutants. 
 

7. Weeping Fig 

(Ficus benjamina) 

Common name: 

weeping fig,  

benjamin fig tree 

Family: Moraceae 

Origin: Asia and 

Australia. 

It is a common indoor 

houseplant which comes in 

multiple different looks and 

styles. It can be grown as a tall 

bushy indoor plant, as a tall 

indoor tree with leafless 

braided trunks or even as a 

short pot plant or an attractive 

bonsai. 
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8. Pothos 

(Epipremnum 

aureum) 

Common name: 

Devil's ivy, golden 

pothos 

Family: Araceae 

Origin: Asia 

Pothos cleans the air in the 

room where it’s growing and it 

helps relax the eyes when 

you’re feeling congested or 

irritated. It also helps treat and 

prevent ocular hypertension 

and glaucoma. 
 

9. Lady Palm (Rhapis 

excelsa) 

Common name: 

Aristocratic Lady 

Palm. 

Family: Arecaceae 

Origin: Southeast area 

of China. 

It removes formaldehyde 

(carcinogen, cancer-causing 

substance associated with 

most chemicals, plastics, 

cigarettes and off-gassing) and 

it also said to act as a natural 

humidifier. It is very common 

in malls, offices, homes and 

courtyards. These slow-

growing, small palms are 

ideally suited for shaded 

borders and indoor potted 

plants. 

 

10. Syngonium 

(Syngonium 

podophyllum) 

Common name: 

goose foot 

Family: Araceae 

Origin: America and 

Mexico 

These absorbs pollutants into 

their leaves and the toxins go 

to the root zone where they are 

transformed into nutrients for 

the plant. 

 

11. English Ivy (Hedera 

helix) 

Common names: 

lovestone, common 

ivy 

Family: Araliaceae 

Origin: Europe and 

Western Asia 

English Ivy is also one of the 

top plants to filter the air in 

home or office. It also looks 

good in a hanging basket. 

 

12.  Aloe Vera (Aloe 

barbadensis) 

Common name: 

FirstAid Plant, 

Indian Aloe 

Family: Asphodelaceae 

Origin: Southwest 

Arabian Peninsula 

The Aloe plant is one of the 

most commonly known 

houseplants. It is a succulent, 

perennial plant that has the 

ability to filter benzene and 

formaldehyde. 

 

 

Criteria for Selection of Indoor Plants 

1. Should be easily available, having compact growth habit and easy to grow.  

2. Attractive leaves, evergreen, hardy and thorn less. 
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3. Plant should have highly prized ornamental foliage and beautiful flowers. 

4. Plants should have capacity to accommodate themselves in limited space and surrounding area. 

5. Plants should have tolerance against the adverse atmospheric condition. 

6. Should be healthy and free from disease and pest.  

7. Should have no toxic effect on human health. 

Conclusion 

Indoor plants are known to confer significant psychological and physical benefits to individuals living/working in 

environments where they are present. They have the potential to significantly improve the quality of indoor air. Indoor plants 

represent a portable, flexible, beautiful, useful, effective, and a relatively low-cost, standard installation to improve Indoor Air 

Quality (IAQ); therefore, their planting should be promoted. 
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Abstract/Summary 

Phytochemicals have attracted notable attention because of their pharmacological and therapeutic properties against different 

newly emerging chronic diseases. Tropical fruits have been reported to contain enormous health-promoting components for 

human benefits. Mostly, these health benefits are attributed to the bioactive compounds and nutritional value in these 

resources. With the warm tropical environment in Southeast Asia, this provides the ideal conditions for the growth and 

abundance of fruits and vegetables, including Gac fruit which is reputed to be an exceptional source of phytochemicals. 

Accordingly, Gac (Momordica cochinchinensis Spreng) is a seasonal tropical fruit belongs to family Momordica of family 

cucurbitaceae that is widely grown throughout Southeast Asian countries such as Vietnam, Thailand, Laos, and Malaysia. Due 

to the abundant phytochemicals in this fruit is a potential source to combat malnutrition and contribute to the nutritional 

security of the country. 

Introduction 

Traditionally, this fruit has been used for the treatment of certain diseases such as diabetes and eye disorders. In Vietnam, the 

rice is mixed commonly with aril of the fruit as a traditional food called “xoi gac”, giving the rice shiny and red colour. Further 

many studies have suggested that Gac fruit is an extraordinary a very good source of bioactive compounds such as carotenoids, 

essential fatty acids and polyphenols.  Gac fruit extracts exhibited, anti-inflammatory, antioxidant activities and anticancer 

property. 

Gac fruit has traditionally been used in some parts of Asia to provide red colour for cuisines and enhance visional health. 

Recently, Gac has emerged as a potential source of carotenoids, especially lycopene and β‐carotene. Carotenoids and other 

identified bioactives from this fruit including phenolics, flavonoids and trypsin inhibitors are associated with many beneficial 

bioactivities such as antioxidant, anticancer and provitamin A activities. In addition to the traditional usage, commercial 

products like Gac powder and Gac oil have also been used for manufacture of natural colours and medicinal supplements. 

Gac plant has dioecious sex type, in other words, male and female flowers are borne on separate plants, and produce flowers 

of 5-10 cm in length, seasonally, solitary or in bundle. The vine can grow up to 20m long. Rooted vine cuttings has high success 

rate than seedling production from seeds, since germination by seed can be very difficult due to many environmental factors 

such as dormancy or plant age. An alternative method for increasing the success rate is to graft female scion material onto the 

main shoot of a male plant, thus making it productive. Flowering occurs about two to three months after planting a vine. The 

fruit is typically round or oblong, about 13 cm in length and 10 cm in diameter, and gradually becomes dark red colour upon 

ripening. Pollination may be assisted by insects, but hand pollination results in a higher fruit yield. A plant can produce 30 to 

60 fruits in one season. 

Fruit colour progressively change from green to yellow, orange and finally red. The fruit is hard at harvest but rapidly turns 

soft, therefore poses problems with regard to transportation and shelf-life. Its exocarp (skin) is covered with small spines while 

its flesh (mesocarp) is dense and light-orange in colour. The seeds are usually brown or black in colour, surrounded by dark 

red membraneous sacs (aril). Gac fruit has a mild taste, or more accurately a rather flat taste to many people. 

Traditionally, Gac fruit has been grown for its medicinal and nutritional properties. In some parts of vietnam, gac fruit is served 

at ceremonial or festive occasions and weddings. The aril and seeds of the fruit are usually cooked in glutinous rice to impart 

both their colour and flavour. Due to the high content of beta-carotene (pro-vitamin A) and lycopene, the fruit has begun to be 

commercially marketed in the form of dietary supplements such as Gac extracts in capsules or included in a juice blend. 
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Floral Morphology 

 

Fruit Morphology 

 Biochemical Composition 

Parameter Content (g/100g) 

Fat 0.09 

Protein 0.84 

Moisture 87.92 

Energy 43 

Carbohydrate 9.2 

Total sugar 2.56 

Vitamin A 39.34 

 

Gac fruit part Total carotenoids(mg/100g) Total phenolics(mg/100g) Total flavonoids (mg /100g) 

Peel 112.4 27.3 38.1 

Pulp 86.7 28.9 8.9 
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Seed 11.3 12.3 18.1 

Aril 110.6 30.8 24.5 

Value Added Products 

1. Gac fruit oil: The total carotenoid concentration of gac fruit oil is 5,770 ppm, 

consisting mainly of two carotenes, β-carotene and lycopene. The 

concentration of the most efficient provitamin A carotene, trans-β-carotene, is 

more than five times that in red palm oil. There is a quantifiable amount of α-

carotene in gac oil and a small amount of canthaxanthine. The distribution of 

carotenes in gac oil is closer to that in tomatoes. As a natural antioxidant, 

vitamin E helps protect gac oil from oxidation. The percentage of loss of β-

carotene after three months without a preservative or proper storage was 47%. 

The concentration of saturated fatty acids in gac fruit oil is lower than that in 

animal fats and coconut oil, and the concentration of polyunsaturated fatty 

acids is higher.  Because saturated fatty acids are associated with an increased 

risk of cardiovascular disease and polyunsaturated fatty acids may be 

protective for normal development, gac fruit oil may have a health advantage over coconut oil and fat of animal origin. 

 

 

 

 

 

 

 

Propagation and Cultivation 

Gac can be propagated by seed, vine cuttings or root tubers. Gac seed typically germinates in one to four weeks. However, 40% 

or more of seed-grown plants may be male, as indicated by the absence of a swollen structure [ovary/immature fruit] at the 

base of the flowers. By using tubers or cuttings, a farmer can control the number and ratio of male and female plants. For 

maximum insect-pollination, 1 male for every 10 female plants are advised. Vine cuttings 15 to 20 cm long and 3 to 6 mm wide 

can be rooted in water or in well-aerated, moist potting media before transplanting to main field. 

Harvesting 

Gac will usually flower 2 to 3 months after seeds or tubers are planted. Fruits are ready for harvest about 5 months after 

flowering. Some plants may not produce fruit until the second year after planting. A vine produces fruit once per year, over a 

two to three-month season that depends on the region (in Southeast Asia, the season falls between September and February). 

Expect to harvest 30 to 60 fruits per plant, with each fruit weighing 1 to 3 kg. 

Conclusion 

The plant has the potential to be a high-value crop, particularly as parts of the fruit can be processed into nutrient supplements 

and/or natural orange and yellow colorants. However, the plant remains underutilized. There is limited information on its 

Gac Fruit Oil 

Gac Fruit Powder Gac Fruit Vitamin C Supplement Gac Fruit Juice 
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requirements in production, and the processing of health products from the fruits is a relatively new area of endeavor. The 

versatility of the fruit is highlighted through processing options outlined for fruit aril, seeds, pulp, and skin into powders 

and/or encapsulated oil products. These Gac fruit products will have the potential to be utilized in a range of foods such as 

pasteurized juice and milk beverages, glutinous rice, yogurt, pasta, and sauces. Thus, play a vital role in contributing to 

nutritional security of the country to combat the malnutrition and hunger. 

References  

1. Aoki H, Kieu NT, Kuze N, Tomisaka K, Van Chuyen N., (2002). Carotenoid pigments in GAC fruit (Momordica 

cochinchinensis Spreng). Biosci Biotechnol Biochem. 66(11):2479-2482. 

2. Kubola J, Siriamornpun S., (2011) Phytochemicals and antioxidant activity of different fruit fractions (peel, pulp, aril and 

seed) of Thai gac (Momordica cochinchinensis Spreng). Food Chem .127(3): 1138-1145. 

3. Abdulqader A, Ali F, Ismail A, Esa N.,(2018).  Gac (Momordica cochinchinensis Spreng.) fruit and its potentiality and 

superiority in-health benefits. J Contemp Med Sci. 4(4): 179- 186.   

4. Ishida BK, Turner C, Chapman MH, McKeon TA., (2004) Fatty acid and carotenoid composition of gac (Momordica 

cochinchinensis Spreng) fruit.  J Agric Food Chem 2004; 52(2):274-279. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            108 | P a g e  
 

APSA-80: A Boon to the Farmers 
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Introduction 

India has a very large land area for farming and crop production. 70% of the population lives in villages and depends on 

agriculture and farming. Moreover, India ranks second across the worldwide in crop production. 

India also export horticultural as well as agricultural and processed foods to more than 120 countries like South Asia, Japan, 

SAARC countries and United states. Indian farmers are now using pesticides and insecticides in a very high amount in order 

to increase the crop production. Although Indian farmers are highly dependent on weather conditions around the year which 

is not much supportive nowadays due to global warming. But we all cannot deny towards the harmful impact of using these 

pesticides, insecticides and the chemical fertilizers. 

Impact of Pesticides 

Pesticides includes a wide range of compounds like fungicides, herbicides, insecticides, nematicides, rodenticides and 

molluscicides and plant growth regulators etc.  The use of organochlorine (OC) insecticides were completely banned after 1960s 

in several technologically advanced countries. Some new synthetic insecticides – organophosphate (OP) insecticides were 

introduced in the 1960s, pyrethroids in 1980s and carbamates in 1970s and the introduction of and fungicides and herbicides 

in the 1970s–1980s contributed largely to pest control and agricultural production. Ideally a pesticide must be lethal to the 

targeted pests, but not to non-target species, including man. Unfortunately, this is not the case, so the controversy of use and 

abuse of pesticides has surfaced. The frequent use of such chemicals, under the quote, “if little is good, a lot more will be better” 

has played havoc with human and other life forms. 

Production and Use of Pesticides in India 

 

Hazards of Pesticides on Human Beings, Environment  

There are numerous, direct and indirect effect of pesticides on human beings, animals and environment. Pesticides and 

Insecticides both are consists of the chemical preparations used to kill animal, fungal pests, insects and microorganisms. 

Around 98% of the insecticides/pesticides sprayed over the crops, reach towards the destination other than the target species. 

It can reach into aquatic environments while wind can take away to the other fields, grazing or undeveloped areas, human 

settlements which potentially affect the other species. Further, repeated usage leads to the pest/insect resistance, poor 

production. 
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Production workers, formulators, sprayers, mixers, loaders and agricultural farm workers are at the high-risk groups which 

are exposed to pesticides. The possibility of hazards may be higher during manufacture and formulation, because the 

precautions are neglected. In industrial settings, workers are at increased risk since they handle various toxic chemicals 

including pesticides, raw materials, toxic solvents and inert carriers. 

Pesticides can also contaminate water, soil, turf and other vegetation. Moreover, other than killing insects or weeds, pesticides 

can be toxic to a host of other organisms including birds, fish, beneficial insects, and non-target plants. Insecticides are generally 

the most acutely toxic class of pesticides, but herbicides can also pose risks to non-target organisms. 

Apsa-80: A Boon to the Farmers 

Amway is always known for its high-quality products all across the world. APSA-80, one of the magical products of Amway 

is an all-purpose spray adjuvant which on mixing with insecticides, herbicides, fungicides and defoliators increases their 

efficacy. It also helps water or any solution to penetrate deeper. 

This is highly useful in protecting various crops, fruits and vegetables from threatful diseases, insects, pests and unwanted 

herbs, resulting in high productive yield. It can be mixed in any solution to improve its performance many times as it has 80% 

of active ingredients. Although, APSA-80 is neither a fertilizer nor an insecticide. 

 

 

 

 

 

 

 

 

 

How does APSA-80 Work? 

APSA-80 is an adjuvant which decreases the surface tension of water and also aids soil penetration for more efficient and 

effective irrigation even in hard or compacted soil. Furthermore, it also helps in, 

1. Minimizing evaporation  

2. Provides more uniform spread and coverage of spray, insecticides, herbicides and fungicides. 

3. Acts as an activator to increase the activity of certain herbicides. 

4. For use on growing and harvested crops. 

5. Non-corrosive to protect metal pumps, tanks, and equipment 

APSA - 80 consists of special elements i.e. Non-Ironic Surfactants' that reduces the surface tension of the water. These 

surfactants act on the surface of the water droplet to minimize its tendency to bead up by pulling the water and the wax on the 

leaf surface together, reducing the water’s surface tension and allow the water droplet to spread out.  As a result, the water 

used in pesticide sprays, spreads out more evenly, and covers the entire surface for the leaves in order to maximize its effects. 

Addition of APSA-80 helps, defoliators, foliar, insecticides and fertilizers to penetrate the surface of the leaf faster and more 

evenly. 

APSA-80 All-purpose adjuvant  Reduces the surface tension 
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How to Use APSA-80? 

1. With Fungicides, Insecticides, Foliar Fertilizers and Defoliators: Prepare a solution if insecticides / fungicides / foliar 

fertilizers / defoliators and water. Follow the mixing instructions recommended by the pesticide manufacturer. Mix 5ml of 

APSA-80 (1 / 4th capful) per 15litres of pesticide or foliar fertilizer solution. Spray normally on the crop 

2. With Post - Emergent Herbicides: Make a solution of the post-emergent herbicide to be used with water in the spray tank. 

Follow the mixing instructions recommended by the herbicide manufacturer. Mix 20ml of APSA - 80 (1 capful) per 15 liters of 

post emergent herbicide solution Spray normally on the crop. 

3. For use as an Irrigation Aid: Mix 160ml of APSA - 80 (8 capful) in atleast 80 litres per acre. The dosage of APSA-80 will 

remain 160ml per acre of land even if the wate required is more than 80 litres to cover an acre of land. 

About 12 hours before irrigating, spray this mixture of APSA - 80 and water directly on the entire land area which is to be 

irrigated. Spray directly on the soil. Let the water flow into the land and see how it penetrates the soil better and also spreads 

better. 

The above-mentioned spray of APSA - 80 will remain effective for about 4 weeks. Repeat the above steps for irrigation after a 

month. 

Advantages of APSA – 80 

1. Offers farmers an excellent opportunity to increase their crop yields. 

2. Spreader - provides more uniform spray deposit on plants; improves coverage of insecticide, herbicide, fungicide and foliar 

fertilizer sprays. 

3. Activator - through wetting action helps improve performance of post-emergent herbicides, insecticides, and fungicides. 

4. For use on growing and harvested crops. 

5. Helps in dispersing powders and oil-base liquids. 

6. The International and Indian test results on variety of crops prove the effectiveness of APSA-80 for improving pesticide 

coverage and performance. 

7. Increases water penetration - gets more water into the soil. Also aids irrigation by reducing run-off; saves water. 

8. Aids irrigation by increasing rate at which water soaks into soil; promotes more efficient water usage. 

9. Helps keep spray equipment clean and prevents clogged nozzles-reduces down time. 

10. Non-corrosive to equipment. 

11. Biodegradable. 

12. According to Indian researches, APSA-80 fetches a return of 15 to 213 times of the amount spent on it. 
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Impact of Herbicide on Bio-Indicators of Soil Health 
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Soil microbial community, earth worms in soil, soil enzyme activity and organ carbon content in soil are considered because the bio-

indicators of soil health. they're used as indicators of soil health due to their active role in soil organic matter production, decomposition of 

xenobiotics and cycling of nutrients, simple measurement and rapid response to changes in management practices. The assessment of soil 

health is often wont to develop more sustainable crop production system. Types of herbicides are introduced as pre and post emergence weed 

killer. The effect of herbicides on soil health depends on the soil type, and concentration of herbicide used, sensitivity to non-target organisms 

and environment. 

Introduction 

Soil is a living dynamic system, its physical, chemical and biological state affects food production, environmental performance 

and global equilibrium. Soil quality is characterized as the soils ability to function within the boundaries of the ecosystem to 

sustain biological productivity, preserve environmental quality and promote plant and animal health. Soil microbial 

population, soil enzyme activity, earth worm population in soil and organic carbon content in soil are used as the indicators of 

soil health. Changes in microbial composition and function will directly affect the rate of carbon content and nutrient cycling 

in soil. Soil enzymes activity play a major role in the biochemical functioning of soils viz., soil organic matter production, the 

decomposition of xenobiotics, and the cycling of nutrients such as carbon, nitrogen (urease and protease), and phosphorus 

(phosphatase). In modern agriculture herbicides are considered to be the greatest effective and economic practice to control 

weeds for maximum production and productivity.  New generation herbicides are characterized by high biological activity 

and selectivity, but inappropriate and continuous use may lead to adversative environmental. The effect on soil environment 

depends mainly on the type of active substance, application rates, oxidation reduction potential of soil, and physicochemical 

properties of soil etc. The application of herbicides may cause significant variations in the soil microbial and earth worm 

population and enzyme activities in soil and thereby influencing the ecological balance of the soil. 

Trend in expenses for herbicide consumption during 1953-2013 
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Effect of Herbicides on Soil Microorganisms 

Soil microorganisms play an important linkage in the soil-plant -herbicide-fauna-man relationship as they take part in the 

degradation of herbicides. Herbicides can cause changes in the soil microbial population both qualitatively and quantitatively. 

Soil properties like soil pH, organic matter, soil texture, inorganic nutrients present in the soil, soil temperature and soil 

moisture affect the soil microbial population and persistence of herbicides in the soil. 

1. Bacteria: Application of herbicide on the day, the viable count of bacteria was highest in weedy check and hand weeding 

treatment compared to herbicide treated plots, but at 20 days after application the bacterial population in the herbicide 

treatments were at par with hand weeding treatment.  After 8 days of application, a rapid increase in bacterial population was 

observed in herbicidal plots. Due to the application of herbicide kill of some bacteria provide energy source of carbon. 

Spray of herbicide in rice field 

2. Fungi: Soil fungi broadly distributed in the uppermost layer of soil is the dominant organism among the soil microbial group. 

Application of herbicide after 10 days fungi population decreases but after 30 days application significance increases due to 

utilization of herbicides as source of carbon during the degradation process. 

3. Actinomycetes: Actinomycetes are also able to metabolize the xenobiotic compounds and use these compounds as source of 

energy. Actinomycetes degrade recalcitrant like lignocelluloses and other polymers in soil. Similar observation that reduction 

in actinomycetes population following the herbicide application might be due to the toxic effect of herbicide applied or due to 

the competitive effect of various microorganisms on the population of actinomycetes in the soil. 

4. Effect of herbicides on soil enzyme activity: Soil enzyme activity is used as a good biological indicator of soil biogeochemical 

processes because of its contribution in organic matter decomposition, organic matter formation, soil organic matter 

stabilization, catalysing several reactions necessary for the life process of the microorganisms and recycling of nutrients. The 

application of herbicide both qualitative and quantitative changes in soil enzyme activity. 

5. Dehydrogenase enzyme activity in soil: Dehydrogenase enzyme activity in soil is used as a biological indicator of soil. It is 

a measure of microbial overall activity, since it is an intracellular enzyme in all living microbial cells. Through transferring 

protons and electrons from substrates to acceptors it plays a major role in the biological oxidation of soil organic matter. The 

application of herbicide first 2-week dehydrogenase enzyme activity decreases but after application of 2-6-week significance 

increases equal to not spray of herbicidal plot. 
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6. Urease enzyme activity in soil: Urease enzyme activity in soil plays a major role in the hydrolysis of urea to NH3 and CO2. 

Urease is a constitutive enzyme found in a large number of microorganisms, especially in uratolytic bacteria and fungi. Urease 

activity in soil depends on the microbial population., physical and chemical properties of the soil, particularly soil pH and 

temperature. Inhibitory influence of higher doses of herbicide on urease enzyme activity decreased with time due to permanent 

adsorption of herbicides on to the soil colloids, their partial degradation and or stabilization of microbial community in soil 

with time. 

7. Protease enzyme activity in soil: The protease enzyme in soil induces the degradation of protein compounds in soil to reduce 

nitrogen compounds.  The sum of that extracellular enzyme is representative of the soil's biological ability. The protease activity 

in butachlor, pyrazosulfuron and glyphosate treated soil showed a growing trend from the 7th to the 28th day of incubation. 

8. Effect of herbicides on soil organic matter: Soil organic carbon content 58 per cent of the soil organic matter. It is an indicator 

of soil quality.  It is the important constituent of soil as it delivers energy to the microorganisms and release nutrients to the 

plants through mineralization process. The significant reduction in organic carbon in soil after the application of herbicide.   

Root exudates and hormones are liberated in the rhizosphere which increases the organic carbon in the soil. So, the death of 

weeds due to herbicide application outcomes in decline in organic carbon in the soil 

9. Effect of herbicides on earth worm population in soil: Earthworms play a major role in soil quality by shredding residues, 

stimulating microbial activity and decomposition, improving soil fertility and soil physical properties viz., soil aggregation 

and infiltration.  Since they play a major role in the recovering of carbon and nitrogen in the ecosystem, they are used as bio 

indicators of soil fertility. No significant reduction in the earthworm population as compared to the initial status in the 

pyrazosulfuron treated plots after harvest. Glyphosate application had no adverse impact on the growth, behavior and 

mortality of the earthworm. 
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Summary 

The continuous use of pesticides and inorganic fertilizers is leading to the contamination of soil and adversely affects the flora and fauna. 

Therefore, we must have to go for the natural forms of fertilizers which are effective and eco-friendly. Now a day the use of vermiwash is 

becoming popular in modern farms as alternatives to conventional agricultural practices in favour of nutrient supply and pesticide 

properties. Vermiwash, a widely used liquid biofertilizers, is the wash of the earthworm’s celomic fluid and the watery extract of the bedding 

materials containing significant amounts of macro and micronutrients, natural growth hormones, vitamins and beneficial microbes. It acts 

as pesticide, disease curative and crop tonic and increase the yield of crops in multiples. 

Introduction 

The ever-growing trends of increase in use of chemical fertilizers along with herbicides and pesticides and exploiting available 

water resources etc, in the present agriculture system poses a great threat to the sustainability of our agro-ecosystem. Under 

such situation it is necessary to look for alternatives which are effective and eco-friendly. Now a day the use of vermiwash is 

becoming popular in modern farms as alternatives to conventional agricultural practices in favour of nutrient supply and 

pesticide properties. Vermiwash is liquid manure that has been reported to have excellent growth promoting effects besides 

serving as biopesticides. Vermiwash is a watery extract of vermicompost, extracted in the presence of rich population of 

earthworms and contains several enzymes, plant growth hormones, beneficial microbes, vitamins which increases the 

resistance power of crops against various diseases and enhances the growth and productivity of crops. Basically, it is a 

collection of excretory products and mucus secretion of earthworms along with macro and micronutrients from the soil organic 

molecules which are transported to the leaf, shoots and other parts of the plants in the natural ecosystem. Vermiwash, if 

collected properly, may be a clear and transparent, brown to pale yellow coloured fluid and is extremely useful as a foliar 

spray. 

Composition of Vermiwash 

Vermiwash is enriched with various enzymes such as amylase, protease, urease and also beneficial microbes (nitrogen fixing 

bacteria like Azotobacter sp., Agrobacterium sp., and Rhizobium sp., and some phosphate solubilising bacteria). It also contains 

vitamins and hormones like cytokinins, auxins, gibberelins etc, along with several macro and micronutrients. The nitrogen and 

potassium content were 57% and 79.6% respectively, which is higher in the vermicompost as compared to the vermiwash. 

However, the phosphorous content was 84% which is higher in the vermiwash as compared to the vermicompost. The 

vermiwash was 89.1% and 97.6% richer in Ca and Mg as compared to the vermicompost. Furthermore, the sodium content was 

97.8% higher in vermiwash as compared to the vermicompost. 

Principles of Vermiwash Preparation 

The basic principle of Vermiwash preparation is simple. Worm worked in the soils have burrows formed by the earthworms. 

Bacteria richly inhabit in these burrows, which is also called as the drilospheres. Water passing through these passages leaches 

out the nutrients from these burrows to the roots to be absorbed by the plants. This principle is applied within the preparation 
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of vermiwash. Vermiwash are often produced by allowing water to percolate through the tunnels made by the earthworms on 

the substrate kept in a plastic barrel. Water is allowed to fall drop by drop from a pot hung above the plastic barrel into the 

vermicomposting system. Vermiwash units can be easily set up either in buckets or in plastic barrels or even in small earthen 

pots. 

 

Preparation of Vermiwash 

Ismail (1997) proposed the methods for the preparation of vermiwash. A plastic tub or barrel of dimensions 100 x 100 x 100 cm 

was fitted with a plastic gate-valve to facilitate drainage of eluates. The plastic barrel was filled to a height of 25 cm with gravel 

and stones above which was placed a layer of coarse sand (30 cm) and garden soil (30 cm). Above the soil, a thin layer of shade 

dried and powdered cow dung pat was added. This was gently moistened with distilled water and the excess water was 

drained off. To this, 250 earthworm adults belonging to the species Eudrillus euginiae were released and covered with dried 

hays. The tap is kept open for the next 15 days and water is added every day to keep the unit moist. 

On 16th day, the tap is closed and on the top of the unit, a metal container perforated at the base as a sprinkler is suspended. 

Five litres of water is poured into this container and allowed to gradually sprinkle on the barrel overnight. The water slowly 

percolated through the compost and drilospheres, carrying with its nutrients from freshly formed castings, as well as washings 

from the drilospheres and gets collected at the base of the container. The tap of the unit is opened in the next morning and 

vermiwash is collected. The tap is then closed and the suspended pot is refilled with 5 litre of water that evening to be collected 

again the next morning. Dung pat and hay could be replaced periodically based on need. The entire set up can be emptied and 

reset between 10 to 12 months of use.  

A complete set up of Vermiwash unit 

Method of Application of Vermiwash 

1. Vermiwash alone or mixed with cow urine is also an excellent growth promoter.  

2. One litre of vermiwash or 0.5 litre of vermiwash + 0.5 litre of cow urines are diluted in 20 liters of water and can be used as 

foliar spray for enhancing the growth of plants. 
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3. 1 litre of vermiwash + 1 litre of cow urines are diluted in 8 litre of water for used as bio pesticides.  

 

Benefits of Vermiwash 

Vermiwash is a liquid organic fertilizer prepared from biodegradable organic wastes used both as replacement and supplement 

of solids and for their novel capacity to provide nutrient effectively and quickly. Being an excellent nutrient supplement, it 

enhances soil physico-chemical properties and maintains soil fertility in long run. It improves soil aeration, soil tilth and texture 

thereby reducing the compaction. It also enhances water holding capacity of soil and improves soil nutrient status of both 

macro and micro nutrients. It can also be added in the compost pit to hasten the degradation process. Vermiwash is known to 

play a major role in the plant growth and development; contribute to root initiation, root growth, plant development, 

promotion growth rate and improvement in crop production and improved nutrient uptake by crop and enhance nutrient 

content which are readily available for the plants, resulting in good crop yield. Besides serving as a plant growth promoter 

vermiwash has tremendous biopesticide properties and it increases disease resistance power of the crop. It is a natural growth 

supplements for tea, coconut and horticultural crops. 

Conclusion 

With the global trend moving towards the production of organic food crops, organic waste material processed by the naturally 

occurring earthworm should be used which will supply nutrients and other soil stimulants for plant growth and improve soil 

quality. Vermiwash, an organic liquid fertilizer acts not only as a growth enhancer which promotes growth and yield of plants 

but also as a mild biopesticide. It is less expensive than chemical fertilizers, easily producible, eco-friendly and one of the best 

organic manure for foliar spray on the different crops. 
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Rhizobium: A brief exposition 

Enormous population pressure and limited arable land resources are two major concerns of agriculture now a day. Meeting 

daily food requirements in some regions have already led to the adoption of such agricultural practices that can destroy the 

soil, and to the use of land that is marginal for crop production.  In tropical regions, the situation is most serious due to fragile 

soil structure, erosion, low soil organic matter and inappropriate farming technologies (Giller and Wilson, 1993). Depletion of 

nutrients, lack of judicial N balance and soil acidification are some factors among many of the common consequences of 

inadequate soil management. Thus, proper N management is necessary because this nutrient itself most frequently limits crop 

production. In this context, for sustainable land management, Biological Nitrogen Fixation is a vital and key process which is 

inextricably depends upon Rhizobium, a group of small, rod-shaped, gram negative bacteria that collectively have the ability 

to produce nodules on the roots of leguminous plants and fix atmospheric N in that nodules. 

Stress Response 

When studying any living organism, it is important to know how each species grows and responds to certain conditions that 

can be found in their natural environment. Ascertaining how bacteria respond to environmental signals, or stressful conditions, 

is a vital part to understanding how those microbes live, thrive and survive. Every bacterium has optimum conditions that 

make this process easier, however in order to survive in a changing environment (or some other form of stress) the bacteria 

must be able to adapt. This adaptation is a stress response. Bacterial stress response enables bacteria to survive adverse and 

fluctuating conditions in their immediate surroundings. Various bacterial mechanisms recognize different environmental 

changes and mount an appropriate response. A bacterial cell can react simultaneously to a wide variety of stresses and the 

various stress response systems interact with each other by a complex of global regulatory networks. 

Examples of Stress Response in Rhizobium 

1. Water Stress: Water is one of the most vital environmental factors to affect the growth and survival of microorganisms 

rhizobial survival rate, growth and population structure in soil, formation and longevity of nodules, synthesis of 

leghaemoglobin and nodule function greatly affected by water or moisture stress. Furthermore, severe stress may lead to 

irreversible cessation of N2 fixation (Sprent, 1971; Guerin et al., 1991). Research has shown that nitrogenase activity decreases 

under drought conditions. Decrease in nodule cortical permeability, enforcing a primary limitation in oxygen supply to the 

bacteroid zone, restricting respiration and resulting in a simultaneous decrease in nitrogenase activity and rhizobium population 

(Walsh, 1995). Dry and hot conditions, sandy soils or uncovered soils more adversely affect rhizobial survival and growth, and 

can be crucial for effective nodulation when rains are delayed after planting. 

2. Temperature Stress: In arid and semiarid regions of the tropics, the soil temperatures near the surface can be very high. The 

soil temperature decreases rapidly with depth, reaching moderate 35°C, at 15 cm. It appears that rhizobia are more resistant to 

high temperatures in soil than in laboratory conditions. The temperature plays a critical role in the exchange of molecular 

signals between rhizobia and their host, thus reducing nodulation. High temperatures decrease rhizobial survival and 

establishment in tropical soils. Even before nodule formation, root zone temperature influences the rhizobia survival in soil, as 

well as the exchange of molecular signals between the two symbiotic partners (Sadowsky, 2005). The optimum temperature 

for rhizobia growth is 25-30⁰ C (Zhang et al., 1995). 
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3. pH Stress: The ideal pH for the growth of rhizobium is considered to be between 6.0 and 7.0. The rhizobia strains vary widely 

in their acidity tolerance. Some mutants of R. leguminosarum have been reported to be able to grow at a pH as low as 4.5 (Chen 

et al., 1993), R. meliloti is viable only when the pH is down to 5.5 (Foster, 2000), but B. japonicum cannot grow at the extremes of 

the range that is below 4.5 or above 9 (Fujihara & Yoneyama, 1993). Alkaline or acidic agricultural soil has a great influence on 

the survival or multiplication of rhizobia and can affect both symbiosis partners. Stress regarding soil reaction can also retard 

Rhizobium from growing, leg-haemoglobin production, infection process, including the exchange of molecular signals between 

symbiotic partners, attachment to the roots, and subsequent establishment of a viable nitrogen fixing symbiosis with a legume 

host. 

4. Salt Stress: Degradation of land and Salinity are the major factors that threatening agriculture in arid and semi-arid tropics. 

Biological N fixation by legumes may constitute a sustainable alternative to chemical fertilization in salinity affected areas, 

when adapted cultivars and inoculants are available. The legume-Rhizobium symbioses and nodule formation on legumes are 

more sensitive to salt or osmotic stress than the rhizobia (Zahran, 1991). Salt stress inhibits the initial steps of Rhizobium-legume 

symbioses by reduction in respiration of the nodules, reduction in cytosolic protein production, specifically leghemoglobin, by 

nodules. The salt injury on the symbiotic interaction not only inhibits the formation of the nodules, but also thereby leads to 

the inhibition in nitrogenase activity and reduction of the growth of the host plant, formation of non-functional nodules with 

abnormal structure, and degradation of peribacteroid membrane (Bolanos et al., 2003). 

5. Metal Stress: Many of the transitional elements function as essential cofactors in metabolic pathways and are required for 

microbial as well as for Rhizobial growth. Heavy metals discharged from industrial operations and upon consequent 

accumulation in various ecological systems cause a massive threat to the varied agroecosystems (Cheung and Gu, 2007). 

However, when in excess these, and other metal ions, can lead to harmful effects in bacteria, including enzyme inhibition, 

biopolymer hydrolysis and uncontrolled redox reactions within the cell (Outten et al., 2000). Characterizing the minimum and 

maximum concentrations of each metal is imperative in determining the difference between a standard and a stress response. 

Stress response genes are induced as metal ion concentrations increase from starvation to toxic levels. High intercellular 

carbohydrates and large cell inclusions increase the resistance of R. leguminosarum to cadmium, copper, nickel and zinc. In 

Rhizobium-legume symbiosis, it is usually the plant that is the limiting factor regarding tolerance to metal toxicity. 

6. Oxidative Stress: Oxygen not only has the prominent role in the critical function of energy generation but also has the ability 

in the generation of oxidative stress. The oxygen sensitive assimilatory process of nitrogen fixation in rhizobia-legume 

symbiosis but the need for oxygen in order for cells to respire is an example of the balance that must be carefully controlled 

(Fischer, 1994). The root nodules formed as part of symbiosis between bacteria and plant, provide the ideal and essential micro 

aerobic environment for the nitrogen fixing bacteria. Lack of suitable level of oxygen in the soil limits the Rhizobium growth, 

function, and multiplication by restricting the bacterial cell respiration which in turn affects the nod gene and leghaemoglobin 

production as well as reduce nitrogenase activity and N-fixation. 

7. Nutrition Stress: The organic matter percentage and nutrient content differs from soil to soil according to fertility status of 

each soil. Some of which having around 5 percent while other does not exceed 0.5 percent such as in arid and semi-arid soils. 

In fact, organic matter is the sink of soil nutrients. Most of the N-fixing micro-organisms require a good supply of organic 

carbon as an energy source. The effect of organic matter on soil microbial activity depends upon type of materials, its nutrients 

content and initial fertility of soil. When in their natural environment, rhizobia are rarely in conditions with a constant nutrient 

supply. During growing at sub-optimal levels of nutrients bacteria express appropriate cellular responses. Rhizobium have 

therefore developed a number of mechanisms that allow them to survive even long-term nutrient starvation and then to resume 

growth once conditions are favourable again (Thorne & Williams, 1997; Djordjevic et al., 2003). Due to organic matter and 

nutrient starvation, specially the lack of adequate nitrogen and phosphorous levels hamper the Rhizobium activity in soil and 

in host plant. The most important one is that cell metabolism slows to an almost halt for Rhizobium. Osmotic stress and soil 

acidity can also lead to nutrient-limited conditions, as the demands for calcium and phosphorus increase under these 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            119 | P a g e  
 

conditions. This in turn can lead to Rhizobium being unable to attach to root hairs during the nodulation process as the calcium-

dependent cell surface components cannot function properly. 

Conclusion 

Tropical soils are often deficient in nitrogen; therefore, biological nitrogen fixation is a key process to agricultural sustainability. 

However, nitrogen fixation may be limited by limited Rhizobium activity due to environmental stress conditions, such as high 

temperatures, drought, soil acidity, lack of soil moisture, presence of heavy metals, improper oxygen and nutrient status in soil 

etc. Thus, the impact of sluggish environmental conditions plays an essential role in the control of legume-rhizobia interactions; 

they can arrest the growth, multiplication and survival of rhizobia in soil rhizosphere. Stress conditions also have destructive 

effect on the steps involved in legume-Rhizobium symbiosis such as molecular signalling, infection process, nodule 

development and function, resulting in low nitrogen fixation and crop yield. Therefore, Selection of proper nitrogen fixing 

Rhizobium strain that is tolerant to a broad range of environmental stresses is important for agriculture system and besides 

that good agronomic as well as soil management practices, genetic modifications, and monitoring of adaptive mechanisms of 

Rhizobium against stress management strategies are needed for sustainable production system. 
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Seed which is considered as the most important and vital factor in agriculture is structurally a fertilized matured ovule 

consisting of an embryonic plant along with a store of food in the form of endosperm and a protective seed coat. Seed quality 

has been taken as an essential and important factor in the improvement of agriculture from the time immemorial (Das et al. 

2015). Uniformity of growth and synchrony in development are highly desirable characters for mechanized cultural operations. 

Farmers in developing countries often encounter poor crop establishment in crop production practices. The reasons for this 

failure might be due to some basic factors like availability of good quality seeds, knowledge of seed technology, proper sowing 

techniques, or climate change and various environmental stresses (Chatterjee et al. 2018). Therefore, we need seed modification 

that enhance seed germination in stress condition, proper plant establishment, reduce the seed to emergence time as well as 

increase economic crop yield. So, to mitigate this problem rapid germination and emergences are essential for successful crop 

establishment, for which seed priming is an option that could play an important role. 

What is Seed Priming? 

Seed priming is a method of improving seed performance. By preparing (usually with water) the seeds with a specific moisture 

for a predetermined time and temperature. The preparation starts the germination process. But the process is stopped before 

the seed actually sprouts (no root or shoot). After preparation, the seeds are dried back to normal moisture until needed. The 

resulting seed will germinate faster and more uniformly than non-primed (raw) seed. Acceptance of priming was relatively 

quick due to the bottom line of the customers. 

Process of Seed Priming 

Priming allows some of the metabolic processes necessary for germination to occur without germination take place. Priming 

prevents the seeds from absorbing in enough water for radicle protrusion, thus suspending the seeds in the lag phase. Priming 

in hydration is sufficient to permit pre-germinative metabolic events but insufficient to allow radicle protrusion through the 

seed coat. This is mainly improving the germination. 

Controlled Inhibition                  Enzyme Activation                   Dehydration   Imbibition in Field                  Radicle Emergence 

Advantage of seed priming 

1. It decreases the time to germination. 

2. Increase the rate of germination. 

3. Emerges from the soil faster and uniformly. 

4. Crops can compete more effectively with weeds. 

5. Eliminate or greatly reduce the amount of seed borne fungi. 

6. Improves seed performance under stress conditions. 

7. Better drought tolerance  

8. Earlier flowering 

9. Earlier harvest 

10. Higher seed yield 

11. Better grain yield 

12. Better adaptability 
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Different Techniques of Seed Priming 

1. Hydro-priming: Hydro-priming soaking the seeds in water before sowing and may or may not be followed by air drying of 

the seeds. Hydro-priming may enhance seed germination and seedling emergence under both saline and non- saline 

conditions. It also had pronounced effect on field emergence its rate and early seedling growth of maize and others pulses. 

2. Halo-priming: It refers to soaking of seeds in solution of inorganic salts i.e. NaCl, KNO3, CaCl2 and CaSO4 etc. A number 

of studies have shown a significant improvement in seed germination, seedling emergence and establishment and final crop 

yield in salt affected soil in response to halo-priming. 

3. Osmo-priming: Osmo-priming is alternatively known as osmotic priming, osmotic conditioning or osmo-conditioning. In 

this technique, seeds are soaked in osmotic solutions of organic compounds like PEG, mannitol, glycerol, sorbitol, etc. having 

low water potential so as to restrict the water uptake by seeds and allow the pre-germinative metabolic events to continue, but 

prevent the seminal root protrusion. Osmo-priming treatments improved the seedling stand establishment parameters. 

4. Solid matrix priming: In solid matrix priming (SMP) or matric conditioning, solid or semi-solid medium is used instead of 

liquid medium. This technique is accomplished by mixing seeds with a solid or semi-solid medium and specified amounts of 

water. By the virtue of the physical and chemical characteristics of the matrix, the water uptake by the seeds is restricted. In 

SMP, a small amount of liquid per unit of seed and solid particles is used. Predominant solid matrices are exfoliated vermiculite, 

expanded calcined clay, bituminous coal, sodium polypropionate gel or synthetic calcium silicate. 

5. Bio priming: Biopriming or biological seed treatment is the application of beneficial microbes in seed–plant–soil system to 

enhance plant productivity and simultaneously maintain the ecological balance. The process is accomplished by controlled 

seed hydration followed by coating of seeds with biological agents. The priming agents help in plant growth promotion by 

supplying nutrients to crops, enhancing resistance of plants to biotic and abiotic stresses, improving soil diversity, ameliorating 

soil structure, bio-remeding the polluted soils. This technology basically aims at reduction of chemical inputs in our production 

system. 

6. Nutrient Priming: Nutrient priming has been proposed as a novel technique that combines the dual benefits of seed priming 

with an improved nutrient supply. In nutrient priming, seeds are primed in solutions containing the limiting nutrients instead 

of being soaked just in water.  

7. Redox priming: The cell processes are largely determined by “redox state”. While redox state can categorically imply to the 

ratio of interconvertible oxidized and reduced species in a redox pair, lately this term is also correlated to define the cellular 

redox environment. It is opined that if the reduced redox state of a cell is possible to maintain, the extent of stress-induced 

damage can be significantly mitigated. Thiourea treatment to the seeds of Indian mustard (Brassica juncea (L.) Czem.) was 

helpful in maintaining the integrity and functioning of mitochondria in seeds as well as seedlings under salinity stress 

conditions. Other chemical use for redox priming is nitric oxide, hydrogen peroxide, ascorbic acid, glutathione and tocopherol 

etc.  

8. Hormonal priming: Plant growth regulators like auxins, cytokinin, and gibberellins can be utilised as a pre-sowing seed 

treatment to improve their germination and emergence in stress situations. Particularly, abscisic acid (ABA) is extensively 

involved in plant responses to abiotic stresses such as drought, low temperature, and osmotic stress. 

Conclusion 

Seed priming is an apt technology for the predominantly resource-poor farmers of the developing world. It is a simple, low-

cost intervention which shows quick results in varied eco-systems. Seed priming has the potential to meet macro and micro-

nutrient requirement and to improve seedling emergence, stand establishment, yield and seed micro-nutrient enrichment of 

different crops. It improves the resistance towards water and temperature stress, increases the shelf life of seed, and enhances 

the yield of the crops. However, the recent advances in halopriming, chemical priming, solid matrix priming, ascorbate 
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priming, and redox priming have given this technique an added edge over the traditional system of seed hardening. This 

method can be useful to farmers because it helps to save money and time spent for re-seeding, and gap filling; moreover, there 

are a smaller number of weak plants and also improve the economic yield. 
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Introduction 

Fruit crops are perennial in nature and soil plays an important role in sustenance of their long-term future. Improper soil 

management practices limit the productivity of crops. Fruit crops are heavy feeders of nutrients and are major factor for 

nutrient mining. Therefore, it is important to assess soil health and to develop strategies for its improvement over a period of 

time. Moreover, to meet fruit nutrient demands regularly and to keep them healthy, soil health management is necessary. 

A good and solid foundation is needed to establish a productive orchard. Healthy soil is the stable base of a healthy tree and a 

source of essential nutrients to complete its life cycle.  Intensive growing of high-density plant population has put pressure on 

soil fertility. Soil testing is the first and basic step which provides information on fertilizer needs prior to crop planting. Prior 

information on fertilizer needs helps in application of proper nutrients and leads to more efficient nutrient management. It 

helps in preventing nutrient deficiencies or their excess and application of right fertilizers, thus aids in balanced application of 

nutrients. It is advisable to get soil tested after every three years otherwise in the long run, loses can be faced. Soil health 

considers physical, chemical and biological properties of the soil. 

Suitability of the Soil 

The soil for orchard plantation should be deep, well drained and good in water holding capacity. Water logged and salt affected 

soils are not suitable for growing of some fruit crops. Soil for orchard plantation should be free from hard pan and are analyzed 

up to 2 meters depth. A pit of three feet deep with one side vertically straight and other slanting is dug out to collect soil 

samples. From the vertical side 500g soil samples from 0-6, 6-12, 12-24, 24-36, 36-48, 48-60 and 60-72-inch-deep were collected 

with the help of khurpa. If a hard pan or concrete layer is there, it should be sampled separately and record its depth and 

thickness. Wet samples should be dried in shade before putting into the cloth bag. Different soil samples should be put in 

separate clean cloth bags to avoid their mixing. Label each bag with the information indicating the depth of the layer from 

which sample has been taken, field number, depth of the sample, name of the farmer, address, date of sampling, etc and then 

send it for soil testing. Soil test measures the nutrient supplying power of the soil and nutrient needs. Fertilizers are applied to 

supply essential nutrients which are absorbed by plants from the soil and used to produce new growth or fruit.  Requirements 

of different fruit crops are not the same and it vary from crop to crop. Fertilization is considered one of the most effective 

practices to supply nutrients and to increase the profits in fruit trees. Macronutrients and micronutrients are essential to plant 

growth and soil health. Major elements among these are as below: 

1. Nitrogen (N): It is the most common nutrient required for rapid growth. It is a constituent of proteins, enzymes, vitamins 

and plant hormones. It helps in the absorption and distribution of all other nutrients in the plant like utilization of potassium 

and phosphorus. Nitrogen is particularly required by fruit trees during flowering and fruit setting. Its deficiency makes fruits 

poorly colored with poor eating quality and storage properties. It delays fruit maturity. 

2. Phosphorus (P): Phosphorus stimulates root growth, bud formation, encourages blooming, improves seed size, fruit and 

flower development. It is helpful in maturing fruits and seeds. Its deficiency delays flowering, bud formation is reduced, fruit 

yields are with poor quality. 

3. Potassium (K): Potassium has multifunctional role in plant physiology and metabolism. It affects leaf size, tree health, its 

vigor, disease resistance and quality of fruits. Adequate K nutrition increased soluble solids, ascorbic acid concentrations, 

improved fruit color, increased shelf life, and shipping quality of many horticultural crops. It also helps in efficient water use 
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in plants. It improves color, flavor and size of the fruits. Potassium deficiency makes shoots of trees thin with poor growth and 

in severe deficiency fruit size is small with poor color development. 

3. Calcium (Ca): Calcium affects shelf life of plants. It plays an important role in cell division, elongation, membrane integrity 

and uptake of N, Fe, B, Zn, Cu and Mn. It influences water relations and cell wall interactions. Its deficiency cause fruit cracking, 

roots get abnormally short, thick and crooked. 

4. Magnesium (Mg): The main role of Mg is enzyme regulation. It acts as a catalyst in several enzymes. Adequate magnesium 

nutrition increases the root growth and root surface area which helps to increase uptake of water and nutrients by roots, 

affecting the availability of other cations like calcium and potassium. Its deficiency causes interveinal chlorosis of the leaves. 

5. Sulfur (S): It enables the formations of amino acids needed for protein synthesis. Sulphur is part of an enzyme required for 

nitrogen uptake. It is important for photosynthesis, metabolism and carbohydrate production. It increases root growth, nodule 

formation and stimulates seed formation. Its deficiency cause chlorosis of younger leaves first and under severe conditions 

leaves undergo loss of green color. 

6. Iron (Fe): It is essential for formation of chlorophyll and to activate several enzymes including those involved in the 

oxidation/reduction processes of photosynthesis and respiration. Its deficiency causes extensive interveinal chlorosis in young 

terminal leaves. 

7. Zinc (Zn): This element is essential for the transformation of carbohydrates and helps in synthesis of proteins. It regulates 

consumption of sugars. This is a part of the enzyme systems which regulate plant growth. Its deficiency leads to short 

internodes, narrow leaves, interveinal chlorosis and shoot &branch dieback. 

8. Boron (B): Boron is much required for cell division and development in the growth regions of the plant near the tips of shoots 

and roots. It also affects sugar transport and appears to be associated with some of the functions of calcium. Boron affects 

pollination and the development of viable seeds which in turn affect the normal development of fruit. It helps in the use of 

nutrients and regulates other nutrients. Its deficiency causes death of shoot tips, partial defoliation and dieback of the twigs 

and branches. Cracking and roughing of the stem, splitting of the bark is also there. 

9. Copper (Cu): Copper is essential for photosynthesis, important for reproductive growth, functioning of several enzymes. It 

is also important for seed development and for the production of lignin which gives physical strength to shoots and stems. It 

is required in biosynthesis and activity of ethylene in fruit ripening. Deficiency of copper causes necrosis of the tip of young 

leaves and proceeds along the margin of leaf giving it a withered appearance. 

10. Manganese (Mn): Manganese is necessary for chlorophyll formation for photosynthesis, respiration, nitrate assimilation 

and for the activity of several enzymes. Its deficiency causes chlorosis of leaves between the main veins started near the margins 

of the leaf and extending towards the mid rib. 

11. Molybdenum (Mo): It plays an important role in nitrogen metabolism. It helps in fixation of atmospheric nitrogen in legume 

crops. Deficiency of this element adversely affects fruit yield; terminal buds fail to open or abort and twigs die-back. 

Cation Exchange Capacity (CEC) 

The cation exchange capacity (CEC) is a value of the total number of cations a soil can hold or its total negative charge is the 

soil's cation exchange capacity. The source of plant nutrients in the soil is the exchangeable nutrients held on cation exchange 

sites. These two colloidal substances are essentially the cation warehouse or reservoir of the soil and is important because they 

improve the nutrient and water holding capacity of the soil. Most of the potassium, ammonium, calcium and magnesium used 

by plants come from the exchange sites. Silty and clayey soils can hold several times more positively charged nutrients than 

sandy soils.  
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1. Soil pH: Soil pH affects the availability of plant nutrients and other chemical/biological processes affecting plant growth. 

So, it is important to maintain soil pH between 6.5 and 7.5 for optimum availability of essential nutrients. 

2. Electrical Conductivity (EC): It measures the amount of salts in soil. This parameter indicates the chemical nature of soil and 

influence biological activity in soil. Most of the fruit crops are salt sensitive and excess of salts hinder in their growth by affecting 

soil water balance. Irrigating with water high in salts allows salts to accumulate in the root zone and results in increasing EC. 

Sandy soils have low and clays have high electrical conductivity. 

3. Soil Texture: It is one of the important soil properties which influence every aspect of soil use and management. It describes 

coarse or fineness of the soil. Fruits grow well in all types of soil which are good in nutrient content and water. Physical 

properties of soil vary with soil texture. 

4. Soil Organic Matter (SOM): It is a very important parameter, as it is the foundation of a healthy soil. It includes plant and 

animal debris which contains sufficient nutrients to meet plant needs. Though it makes 1-5% of the soil mass but affects both 

physical and chemical properties of soil. Addition of organic resources reduce the mining of soil nutrients and improve soil 

productivity by improving other important soil health indicators like soil compaction, water holding capacity and water 

infiltration. Compaction affects root growth, reduces volume of air-filled pores and can stress plant roots. Good water 

infiltration in orchard soils ensures smooth movement of water-soluble nutrients through the soil into the rooting zone. In 

addition to it, cover crops (green manuring), mulches and composts are the supplementary practices in addition to inorganic 

fertilization which are valuable source of nutrients. Biofertilizers are inputs containing micro-organisms capable of mobilizing 

nutritive elements. The soil/root interface is an important location for soil microbial activity and these microbes are regulators 

of nutrient availability and enrich soil health. Additionally, they improve plant growth and fruit quality by producing plant 

hormones which increase the sustainability of soil and improve its productivity. 

Conclusion 

It is important to boost soil with essential nutrients and organic matter to maintain soil health, improve fruit quality and 

increase productivity. 
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Summary 

The increasing population brings to the table numerous other problems and waste management is one of them. Though we 

often overlook the perils of biodegradable wastes but they may pose a serious threat when present in abundance by acting as 

breeding ground of pathogens and vectors and also producing foul smells. India being a religious country where people 

generously offer flowers to deities the heaps of floral wastes are generated forms a prominent part of biodegradable wastes. 

These floral wastes often end up polluting water bodies and harming the organisms residing there. These floral wastes can be 

utilized for production of various useful products rather than being a polluting agent. In the field of agriculture, it can act as 

raw material for vermicompost, and compost thereby augmenting organic farming. Such utilization will fix the problem of safe 

disposal of the enormous floral waste leading to reduction of a water and environmental pollution along with production of 

economical products from them. 

Introduction 

With the burgeoning population the amount of waste generated is also increasing. Thus, management of these colossal waste 

is a major concern for researchers, environmentalists and policy makers. It is well known that the wastes generated can be 

broadly classified into two groups of biodegradable and non-biodegradable, and the non-biodegradable wastes often gains 

more focus due to its imperishable nature. But what is often ignored or unknown to many are the adverse effects of 

biodegradable wastes. Though these wastes get decomposed and eventually get back into earth, yet they create number of 

havocs if not managed properly. These wastes may cause severe nuisance like water and land pollution through its 

decomposition and nutrient leaching. Moreover, they also act as the breeding ground for many disease-causing pathogens and 

vectors like mosquitoes. In many cases it has been noticed that these wastes when end up in landfills breakdown more rapidly 

and lead to rapid release of methane and carbon dioxide leading to global warming. Thus, proper management of these wastes 

and finding ways to utilize them as resource materials for an industrial or agricultural process is the need of the hour.  

Biodegradable wastes often include a wide range of wastes domestic, organic, temple, and agricultural wastes such as rotten 

fruits, peels from vegetable processing, flower trimming, agriculture residue, etc. Out of all these one of prominent waste in a 

religious country like India is the waste generated from the temples, mosques, gurudwaras or other religious places.  It is 

reported that as compared to kitchen wastes the floral waste take more time for decomposition and decompose at very slow 

rate (Jadhav et al., 2013). The floral waste being considered as sacred are not been thrown in garbage dump instead are being 

thrown into rivers or water bodies nearby. This not only leads to development of like eel and worm development but also 

cause water and land pollution and foul odor. The accumulating and rotting flowers hamper the physical appearance of water 

bodies and also cause degrade the quality of water. These decomposing floral wastes also leach down the pesticides used in 

them into water and harm the aquatic lives. Moreover, they also reduce the transparency of river water and affect the 

underneath lives. Apart from it a huge number of flowers that are unsold are being dumped in streets by sellers which when 

rotten becomes source of both foul smell and diseases. 

For instance, Varanasi the religious capital of India which has about 23000 temples are situated in Varanasi and draws 

numerous devotes from all over India in the month of shavan. Due to thsese factors Varanasi witness’s accumulation of about 

waste material weighing 3.5–4.0 tons (Mishra, 2013). The waste of flower in Durga temple, Durgakund Varanasi includes 

Hibiscus rosa sinensis (Gudhal); in case of Vishwanath temple marigold (Genda) flower with rose and in shiv temple 

Mrityujaya mahadev, Visheshwarganj,Varanasi the flower waste includes Calotropis gigantea(Madar)(Waghmode et al. 2016). 
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As the city is located at the bank; of River Ganges, mostly flower wastes are dumped in into the river which causes adverse 

effect on the river by degrading its quality. 

This scenario is not just confined to Varanasi, India being a religious country, enormous amount of floral wastes are generated 

from all over the country and there is an need for proper management and utilization of these waste for producing other 

valuable things and thus create wealth from waste. 

Utilization of Floral Waste in Agriculture 

1. Vermicomposting: Vermicomposting the technique where earthworms are being used to convert organic raw material into 

brown or dark brown amorphous material enriched with plant nutrients.  Flowers can act as a valuable raw material for this 

purpose and thus this method can act as a promising approach for sustainable management of the profuse floral wastes. Such 

bioconversion of floral wastes discharged from temples into nutritious compost can generate additional revenue for temples 

in addition to alleviation of the copious volume of wastes. These vermicompost in conjunction with biofertilizers and good 

agronomic practices can act as an alternative to chemical fertilizers needed for growth and development of plants.  The 

vermicompost produced at end of the process is rich in carbon (28%), nitrogen (1.58%), phosphorus (0.33%) and potassium 

(0.28%). 

For instance, Sailaja et al; (2013) carried out a study in which flowers were being gathered   from temples to examine the nutrient 

status and enumeration of microorganisms present in the vermicompost prepared from them. It was observed that as compared 

to respective control the growth rate of plants grown in vermicompost was higher. Vermicomposting promoted better plant 

growth as it comprised of plant hormones like auxin and gibberellins and enzymes which believed to prompt plant growth 

and inhibited plant pathogens. Therefore, vermicompost from the floral waste proved to be favorable for good plant yield. In 

another study carried out by Tiwari, (2014) vermicomposting technology was implemented in order to utilize the floral waste 

obtained from ten popular temples of Jaipur city. The floral waste which mainly consisted of marigold   were collected, 

segregated and composted in earthen pots in different ratios. Parameters valid for plant growth like pH, temperature, moisture 

content, organic carbon, available phosphorus, etc. were determined for the vermicompost produced. It was concluded from 

the study that flowers can act as an apt substrate for vermicomposting. Consequently, it is evident that vermicomposting of 

floral waste not only cleans the environment but also provides a beneficial organic manure. As the concern over use of chemical 

fertilizer is increasing such vermicompost are welcoming assets for agriculture.  organic manure. 

2. Organic manures produced from diffuse of different Religious Institutes: In the city of Ujjain which is renowned for the 

Mahakaleswar temple, accumulation of huge amount of floral waste is quite obvious and problems associated with it is also 

conclusive. Thus, recently the temple administration has initiated the conversion of these wastes into rich organic manure 

through an organic waste converter which generates about 150-200 Kg of organic manure from 600Kg of waste every day. All 

organic waste like flowers, leaves and coconut shells used for puja is fed in the machine along with additive bio culture, 

sanitade and absorbent saw dust and at the end of 10 days the organic manure gets ready to be used for gardening and 

vegetable production. (Times of India June 2,2016). 

 In Varanasi the Art of Living Foundation’s solid waste management project in collaboration with entities such as Coal India is 

carrying out the conversion of floral waste into valuable organic manure.  The floral wastes are 1st collected into a place and 

then transferred to waste processing plant where they are being shredded and broken down into organic manures by the action 

of bio-enzymes. About one tonne of organic manure is created by this process every day. Such process also helps in generation 

of employment to local people. The manure being produced from temple waste it well accepted by people. Thus, the floral 

wastes instead of being thrown into into river Ganga are well utilized for plant growth. (Down to earth, June 2018) 

In Guwahati, Coal India Limited (CIL), as a part of a CSR initiative has started a solid waste management plant for processing 

and recycling of organic waste at Kamakhya Temple. CIL has installed a machine that can process and recycle 200 Kgs of 

organic waste into organic compost per day. Compost is rich in nutrients. It is used in gardens, landscaping, horticulture and 

agriculture. Sri Sri Rural development program trust is implementing this project at Kamakhya Temple. 

 In Ajmer the renowned Dargah of Garib Nawaz Moinuddin Chisti since July 2018 is equipped with two units of 1.5-ton organic 

waste composting machine by joint collaboration of the Art of Living’s Sri Sri Rural Development Program and Hindustan 

Zinc. Each day the tons of floral waste mainly consisting of roses are converted to organic compost in a duration of 8 hours and 
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capacity of coversion of 3 tons of waste.  This composting process comprises of shredding the flowers followed by treating it 

with Jag Pavani, an organic enzyme which catalyzes the process. (Seva Times 2018)  

In Kolkata at the revered Dakshineswar Kali temple and in Deogarh at the famous Babadham temple state-owned Coal India 

Ltd. as part of its corporate social responsibility has initiated two projects wherein organic fertilizer are produced from floral 

waste. These projects are aimed at facilitating conversion of 800kg of floral waste for producing around 200 kg of fertilisers. 

The fertilizer produced by this process are being sold by the NGOs undertaking this project at an affordable cost of 20-22 a kg 

as compared to market rate of something between Rs 60 to Rs 120 a kg and hence these projects are self-sustaining along with 

being ecofriendly. (Economic Times April 24, 2017)  

It can be concluded that the copious flowers being offered at various religious places, once used can further be exploited as 

valuable raw material for organic manure which not just reduces the pollution but also leads to economic as well as ecological 

benefits. Floral wastes therefore suitably act as a prominent epitome of conversion of waste into wealth for agriculture. 
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Introduction 

β-glucan is a soluble fiber found primarily in cereal grains like oats, barley, and wheat and present in baker's yeast and certain 

fungi like maitake, shiitake and reishi mushrooms. It is a polysaccharide made up by mixed-linkage glycosidic bonds [(1→3) 

(1→4)] among multiple sugar molecules. The polysaccharide, (β-glucan), possesses several functionalities and roles that make 

it unique as a plant cell wall component and as a dietary fiber. β-glucan in oat was first reported by Morris (1942) kernels. 

According to source, nutritionally oats are an excellent source of soluble fiber β-glucan that contain in the range of 2-6 %. It has 

generally accepted that for every lowering of serum low- density lipoprotein (LDL) cholesterol levels, the risk of coronary heart 

disease lowered by 1-2 % due to the reduction of the insulin levels. Diets with a low glycemic index and high dietary fibre are 

associated with reduced risk of development of type diabetes and heart disease (Salmeron et al. 1997). Oats are found to be the 

good substrates for the growth of probiotic microorganisms due to the presence of non-digestible components β-glucan. 

Structure of Oat Β-glucan 

Oat β-glucan bonds consist of 3 or 4 beta-1,4 glycosidic bonds [trimers (cellotriosyl) and tetramers (cellotetraosyl)] 

interconnected by 1,3 linkages. 

 

Extraction methods: Highest recovery was obtained in enzymatic extraction method (86.8%) and lowest recovery was observed 

in alkaline extraction method. Four classes of extraction methods are discussed as follows: 

1. Water Extraction Papageorgiou (et al., 2005): 

a. Firstly, oat was milled, screened (less than 0.8mm) and refluxed with the help of ethanol supernatant removed than 

re-washed with ethanol. 

b. Dried for 24 hr at normal temperature, aqueous extract at 47-50ᵒC thereafter centrifuge for 10-15 minutes. 

c. Insoluble residue removed, add heat stable Termamyl 120L maintain temperature 90-95ᵒC, cool the solution, add 

sodium azide, and maintain pH at 4.5, Centrifuge it and adjust pH at 7.0. 

e. Dialyze with distilled water for 3 days; centrifuge then remove precipitate.  

f. Dialyze 100-200 ml of supernatant, concentrate to one third of initial volume, Precipitate βG by adding two vol. of 

80% ethanol, Keep at 4°C for overnight, Filter fibrous ppt. under vacuum, Wash precipitate twice with 80% ethanol,  

g. Re-suspend in 2-propanol, stir overnight, Filter and oven dry at 40°C and final get Dry βG with 85.8-91.3% recovery 

that was determined by Enzymatic method given by McCleary and Holmes (1985). 
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2. Acidic extraction Ahluwalia and Ellis (1984): 

a. Take 20 mg sample, incubated for 3 min. at 96 ᵒC with 50 mM perchloric acid (4 ml), Cooled to RT, Centrifuged, 

remove supernatant1 and Residue washed with perchloric acid (50 mM, 1 ml). Centrifuged again and discard residue 

thenCombined Supernatants (1 & 2) adding 10 ml with distilled Water. Gum extract for β-G determination. 

b. For β-G determination, the extract hydrolyzed to glucose by incubating with sodium acetate buffer and treated with 

cellulase. Glucose released was measured enzymatically using/glucose-6-phosphate dehydrogenase and results were 

determined as β-G (%) on dry weight basis. 

3. Alkaline extraction Bhatty (1995): 

a. Barley/oat bran milled add 1N NaOH in 1:50 ratio, extracted for 1 h at Room Temp., Centrifuging, remove 

supernatant1 and Residue re-extracted with NaOH and centrifuged at 6000 rpm, discard residue and combined 

Supernatant (1+2). 

b. Maintained pH 6.5 using HCl, add CaCl2 70 mg/l and Termamyl 120L (0.1 ml/100 ml), Incubated with shaking at 

96 ᵒC for 1 hour, cooled at RT, Protein precipitation at pH 4.5 (HCl), Centrifuging, removed residue and add Ethanol 

in Supernatant. 

c. Keep it overnight, Centrifuging, Crude gum suspended in water, washed twice with 50 % ethanol, Centrifuging, 

lightly homogenizing the pellets in water, Freeze dry. 

4. Enzymatic extraction Ahmada et al., (2010): 

a. Barley/oat flour milled, sieved and refluxing with 80% ethanol, add NaOH in 1:7 ratio, stirring on hot plate at 45ᵒC 

for 90 minutes and centrifugation at 15000g for 20 minutes. 

b. Take supernatant and adjust pH at 7 using citric acid. 

c. Treated with heat stable alpha-amylase at 40ᵒC and incubated for 3 hr, again centrifuge for 20 minutes.  

d. Take supernatant, treated with protease enzyme at 37ᵒC, and incubated for 3 hr, again centrifuge for 20 minutes at 

22000g for 20 minutes. 

e. Mix supernatant with ethanol in 1:2 and hold for 15 minutes, again centrifuge at 3500g at 4ᵒC. dry pellets collect 

through vacuum oven. 

Conclusion 

The choice of extraction method appeared important as it affected the most of the physiochemical properties of extracted β-

glucan gum. Enzymatic extraction method was found to be the best because it not only gave highest yield but also removed 

more starch, fat and pentosans during the extraction of β-glucan gum. Along with fair amount of mineral contents, β-glucan 

from all extraction processes showed a good WBC, viscosity and whippability properties proving it a good potential candidate 

for industrial usage. 
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Introduction 

Pita is a substantial gene that occurs as a single copy near the chromosome 12 of rice centromere. It is an NBS-LRR domain 

enclosing the blast resistant gene encountering broad spectrum resistance to various Magnaporthe orzyae isolates. It is considered 

effective against different blast isolates probably because of its more standardized and conserved sequence of genes (Bryan et. 

al., 2000). 

Evolution of Pita gene 

The Pita gene, commonly used in rice breeding applications round the arena have originated in indica cultivars such as Tetep 

from Vietnam and Tadukan from Philippines (Cho et. al., 2008) and was introduced into Japanese cultivars in 1950s to control 

rice blast disease (Rybka et. al., 1997). 

Map Based Cloning of the Pita Gene 

At the molecular level, Pita is one of the best characterized blast R genes of the O. sativa (Jia et. al., 2000; Bryan et. al., 2000). It 

was mapped within the centromeric region of chromosome 12 and was first cloned from Yashiromochi rice cultivar using a 

map based cloning strategy. The Pita gene was initially mapped between random amplified polymorphic DNA markers SP4B9 

and SP9F3 (Bryan et. al., 2000). Molecular markers linked to igene were determined on the basis of Random amplified 

polymorphic DNA (RAPD) markers and bulked segregant analysis (Wu et. al., 1995). The cosegregating RAPD marker SP7C3 

was modified to a restriction fragment length polymorphism (RFLP) marker named as p7C3. Chromosome walking was 

introduced by hybridizing this single-copy probe to filters consisting of a rice bacterial artificial chromosome (BAC) library 

(Shizuya et. al., 1992) produced from a doubled haploid Pita gene containing rice line, YT14. An overlapping set of rice BAC 

clones covering ̴ 850 kb was constituted and the left border marker SP4B9 was identified in the assembled BAC contig. 

However, because of decreased level of recombination in the vicinity of a centromere, SP9F3 has not been determined (Bryan 

et. al., 2000). 

Properties of Pita Protein 

Pita encodes a putative cytoplasmic receptor of type NBS that appears to bind the putative processed product AVR-Pita gene 

in order to activate the defense response (Bryan et. al., 2000, Jia et. al., 2000, Jia et. al., 2003, Orbach et. al., 2000). The Pita gene 

belongs to a plant resistance (R) gene class NBS-LRR that encodes a nucleotide binding site (NBS) and leucine rich domains 

(LRD) (Bryan et. al., 2000 and Jia et. al., 2000). The Pita LRD was shown to interfere directly with a putative AVR-Pita in 

triggering disease resistance (Jia et. al., 2000). Various studies on structural diversity of the Pita protein and variants in cultivated 

and wild rice groups of AA genome Oryza species revealed that LRD domain among cultivated and wild rice species is highly 

conserved (Jia et. al., 2003, Huang et. al., 2008, Lee et. al., 2009, Wang et. al., 2008). In comparison, an excess of amino acid 

substitutions over neutral expectations was observed in the NBS region of both groups, consistent with positive selection. Rice 

cultivars that are susceptible and resistant share a single amino acid difference in the Pita protein: serine instead of alanine at 

position 918 (Wang et. al., 2016). 

Significance of Pita gene 

Pita gene identification and validation shows that Indian rice germplasm is a complex and potential source of blast resistant 

lines that can be exploited in rice breeding programmes (Shikari et. al., 2013). Since the gene offers broad-spectrum resistance 

against various blast isolates, it is used worldwide to control blast disease. This is also one of the most common genes in blast 
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gene pyramiding programs and in allele mining studies. Most of the dominant rice cultivars carry Pi-ta, e.g., IR8, IR36, IR64, 

and IR72 in Asia and Katy in America (Jia et. al., 2003, Fukuta et. al., 2007). 

Conclusion 

Pita is a rice blast resistance (R) gene which mediates gene-for-gene resistance against strains of the fungal pathogen 

Magnaporthe grisea that express avirulent alleles of AVR-Pita. The Pita gene in rice has been efficiently used to control rice blast 

disease caused by Magnaporthe oryzae worldwide. 
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Introduction 

Consumerism is a movement or social force designed to protect consumers’ interest in the market. It can also be defined as a 

form of protest of consumers against unfair business practices and business injustices. The basic aim of consumerism is to 

remove injustices and eliminate unfair marketing practices. 

In our `Indian system, the consumer has six rights given for his protection from exploitation from the shopkeepers or sellers. 

Consumer exploitation means mistreatment or cheating with consumer by adulteration, Thagi or in any other unfair form. 

To prevent consumer from exploitation, our government have passed many Acts from time to time. These are as follows: 

1. Drug and Cosmetics Act, 1940 

2. Prevention of Food Adulteration Act, 1954 

3. Essential Commodity (supply) Act, 1955 

4. Monopolies and Restrictive Trade Practices Act, 1969 

5. Standard of Weights and Measures Act, 1976 

6. Consumer Protection Act, 1986 

Why is It Needed? 

1. Demand-supply imbalance (demand > supply / demand < supply) 

2. Lack of workable competition (monopoly > perfect competition) 

3. Unfamiliarity with innovations (poverty, lack of social awareness, accepting life as it is and passive outlook) 

4. Unconsciousness about rights (illiterate uneducated ignorant and ill-informed) 

5. Feign advertisements (a need for consumer guidance) 

What It Creates? 

1. Demand driven economy 

2. Status of king for the Consumer 

3. A more responsive government 

4. Minimize imperfections on distribution front 

Indices of consumerism 

Based on National Sample Survey data, Expenditure on consumer durables and their budget     share are the two indices of 

consumerism. 

Methods of Consumer Protection 

There are four main methods of protecting the interests of consumers: 

1. Business Self-regulation 

a. Businessmen can regulate their own behaviour and actions by adopting higher ethical standards. 

b. Trade associations and chambers of commerce can check unfair trade practices used by some businessmen. 
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2. Consumer Self-help 

a. Every consumer must be alert as self-help is the best help. 

b. He should educate himself and know his rights and should not allow unscrupulous businessmen to cheat him. 

3. Consumers' Associations 

a. Consumers should form voluntary associations. 

b. These associations can educate and awaken consumers. 

c. They can take organized action and put pressure on businessmen to adopt fair trade practices. 

4. Government Regulations 

a. The State can ensure consumer protection through legislative, executive and judicial actions. 

b. The laws enacted by the Government must be strictly enforced by the executive. 

c. Government of India has enacted several laws to protect the interests and rights of consumers. 

What are the Responsibilities of the Consumers? 

1. Consumer should exercise his right 

2. Cautious consumer/ Do not buy blindly 

3. Filing complaint for the redressal of genuine grievances 

4. Consumer must be quality conscious/Do not compromise on quality 

5. Advertisements often exaggerate/Beware of false   advertisement 

6. Do not forget to get Receipt and Guarantee/warrantee card 

7. Do not buy in hurry 

Consumer Organisations 

1. Consumer Education & Research Centre (CERC) 

2. Consumer Unity & Trust Society (CUTS)  

3. Consumer Guidance Society of India (CGSI) 

4. Consumer Online (CO) 

5. Federal Trade Commission (FTC) 

6. Consumer International (CI) and Consumers Union (CU) 
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When a pathogen attacks a plant, it either successfully infects the plant or plant prevents the infection. Plants do not have 

circulating or phagocytic cells. Instead they have different mechanism, which acts as a barrier to invasion. Plants display an 

innate pathogen specific resistance by producing responses like oxidative burst of cell, change of cell wall composition that 

prevent infection and synthesis of compounds like phytoalexin and pathogenesis-related proteins. Among all induced 

responses, production of “Pathogenesis Related (PR) proteins” is most important because they can lead to the increased 

resistance of the whole plant against a pathogenic attack. Pathogenesis-related (PR) proteins are proteins produced in plants 

in the event of a pathogen attack. They are induced as part of systemic acquired resistance. Infections activate genes that 

produce PR proteins. Some of these proteins are antimicrobial, attacking molecules in the cell wall of a bacterium or fungus. 

Infections also stimulate the cross-linking of molecules in the cell wall and the deposition of lignin, responses that set up a local 

barricade that slows spread of the pathogen to other parts of the plant. Salicylic acid plays a role in the resistance to pathogens 

by inducing the production of pathogenesis-related proteins. Those include thaumatin-like proteins and chitinases.  

PR proteins are either extremely acidic or extremely basic and therefore are highly soluble and reactive. The several groups of 

PR protein have been classified according to their function, serological relationship, amino acid sequence, molecular weight, 

and certain other properties. Varying types of PR protein have been isolated from each of several crop plants. Different plant 

organs e.g. Leaves, seeds, and roots, may produce different set of PR protein. They are widely distributed in plants in trace 

amounts, but are produced in much greater concentration in pathogen attack or stress. Pathogenesis related protein, often 

called PR protein, are a structurally diverse group of plant protein that are toxic to invading fungal pathogens 

Large numbers of small, basic, cysteine rich antimicrobial proteins are produced by many organisms throughout all kingdoms. 

They display a great variety in their primary structure, in species specificity, and in the mechanism of action. There are more 

than 13 different pathogenesis related proteins are known to us. 

PR protein in the plants was first discovered and reported in tobacco plants infected by tobacco mosaic virus. Most PR proteins 

in the plant species are acid-soluble, low molecular weight, and protease-resistant proteins. PR proteins depending on their 

iso- electric points may be acidic or basic proteins but they have similar functions. Most acidic PR proteins are located in the 

intercellular spaces, whereas, basic PR proteins are predominantly located in the vacuole. The PR proteins have been classically 

divided initially into 5 families based on molecular mass, isoelectric point, and localization and biological activity. Currently 

PR-proteins were categorized into 17 families according to their properties and functions, including β-1,3-glucanases, 

chitinases, thaumatin-like proteins, peroxidases, ribosome-inactivating proteins, defenses, thionins, nonspecific lipid transfer 

proteins, oxalate oxidase, and oxalate-oxidase-like proteins 

Table 1: Fruit Composition of Wood Apple 

Families Type member Properties 

PR-1 Tobacco PR-1a Antifungal 

PR-2 Tobacco PR-2 β-1,3-glucanase 

PR-3 Tobacco P, Q Chitinase type I, II, IV, V, VI, VII 

PR-4 Tobacco ‘R’ Chitinase type I, II 

PR-5 Tobacco S Thaumatin- like 

PR-6 Tomato Inhibitor I Proteinase- inhibitor 

PR-7 Tomato P69 Endoproteinase 

PR-8 Cucumber chitinase Chitinase type III 
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PR-9 Tobacco ‘lignin forming peroxidase’ Peroxidase 

PR-10 Parsley ‘PR1’ Ribonuclease like 

PR-11 Tobacco ‘class V’ chitinase Chitinase, type I 

PR-12 Radish Rs- AFP3 Defensin 

PR-13 Arabidopsis THI2.1 Thionin 

PR-14 Barley LTP4 Lipid- transfer protein 

PR-15 Barley OxOa (germin) Oxalate oxidase 

PR-16 Barley OxOLP Oxalate oxidase-like 

PR-17 Tobacco PRp27 Unknown 

 

Functions 

1. An important common function of most PRs is their antifungal effects. 

2. Some PRs also exhibit antibacterial, insecticidal or antiviral action. 

3. They can be synthesized and accumulated in response to some type of stress, their function analogue to the one postulated 

heat shock protein might be protect the plant from extensive damage. 

4. Function as signals that spread “news” of the infection to nearby cells.   

5. As a response of hypersensitive reaction, PRs are first detectable in a ring around the necrosis centre. 

6. Infections also stimulate the cross-linking of molecules in the cell wall and the deposition of lignin, responses that set up a 

local barricade that slows spread of the pathogen to other parts of the plant.   

7. Chitinase activity.   

8. Peroxidase, ribonuclease and lysozyme activities. 

9. Their hydrolytic, proteinase-inhibitory and membrane-permeabilizing ability.   

10. They inactivate the proteins secreted by the parasites in the invaded plant tissues.  

11. They also accumulate between lesion in that inoculated leaves and may appear in lower concentration in distant non 

infected leaves. 

Conclusion 

Plants protect themselves against fungal attack or other biotic and abiotic factors by one or other ways. Plants defend 

themselves against such factors by physical strengthening of the cell wall through lignification, suberization, and producing 

various pathogenesis-related (PR) proteins such as chitinases, β-1, 3-glucanases. PR proteins play important role in disease 

resistance, seed germination and also help the plant to adapt to the environmental stress. The increasing knowledge about the 

PR proteins gives better idea regarding the development and defense system of plants. Pathogenesis-related proteins, including 

hydrolytic enzymes chitinases and β- 1, 3-glucanases, in plants in response to invading pathogen are very important. Plant 

pathogenesis-related proteins are implicated in plant defense responses against pathogen infection. Production of PR proteins 

in the remote uninfected parts of plants can lead to the occurrence of systemic acquired resistance, protecting the affected plants 

from further infection. Primary aspects of the gene regulation of the PR proteins are understood but the study of exact 

mechanism of gene regulation and receptor cascade will open new path for the crop improvement and to escape them from 

diseases. 
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Introduction 

The diversity of life underpins all biological studies, but it is also a harsh burden. To discriminate species variability on the 

planet, which millions of plant species, a large community of taxonomist and conservationist populate, will be required to 

identify the life of our reliance. Micro genomics approaches to diagnosing the biological diversity by exploiting the diversity 

among the DNA sequences considering minor degree variation among individuals of same species and these minor variations 

should be much smaller than differences among species have been promising. Life on the earth ruled by the information that 

already coded in the language of nucleotide sequences in the DNA, in the real sense, these sequences can be called as genetic 

‘barcodes'. DNA barcodes have only four alternate nucleotides such as an example inspection of 15 sites of nucleotide positions 

creates the possibility of 415 barcodes. DNA barcoding is a novel technique designed to discriminate between life forms by 

using standardized gene regions as an internal species tag to discriminate between life forms by using short orthologous 

sequences of DNA ranging from 400-800 bp. Dr Paul D. N. Hebert et al. (2003) first time used DNA barcoding as a tool for 

species identification. They have used cytochrome oxidase I as a core of bio-identification and used to identify 200 closely allied 

species of lepidopteron. Due to practically utilization of this technique, Dr Paul D. N. Hebert considered as ‘Father of DNA 

Barcoding’. 

1. Commencement of Idea: In the second conference on Convention on Biological Diversity held in Jakarta in 1995, major issues 

raised by the worldwide taxonomist community were increasing disinterest from governments and funding agencies for 

taxonomy and the lack of consensus on the morphological characters to be used by the community of taxonomists. The global 

information systems in taxonomy proposed by international Barcode of Life project (iBOL) through the creation of database 

system enabling the repository of sequences and also offering a workbench for a collective assembly of DNA barcode libraries. 

Sl. No. DNA barcoding markers Traditional molecular markers 

1. Marker sequences must be conserved 

across the species but different enough 

so that species can be parted. 

Marker sequences must be variable; 

the similarity in sequences need not 

be across the species. 

2. Universal primer. Differs with marker techniques. 

3. Discrimination between and within the 

species. 

Molecular variability within the 

species. 

 

2. Commencement of Idea: DNA Barcoding must satisfy following three criteria: (i) Contain significant species-level genetic 

variability and divergence (MOTUs-Molecular Operational Taxonomic Units),  (ii) Possess conserved flanking sites for 

developing universal PCR primers for wide taxonomic application (Universality) (iii) Have a short sequence length so as to 

facilitate current capabilities of DNA extraction and amplification (sequence quality). 

3. DNA fragments used for barcoding: Till now seven plastid loci matK (Maturase K), rbcL (Ribulose biphoshate carboxylase 

large subunit), rpoB (RNA polymerase B subunit), rpoC1 (RNA polymerase c subunit), trnH-psbA (tRNA His) (Photosystem 

II D1 reaction centre proteins), atpH (ATP synthase subunit delta) and psbK-1 (photosystem II reaction centre protein k 

precursor). Two nuclear internal transcribed regions (ITS and ITS2) have been suggested for identification of plant species by 

Hollingsworth et al., (2011). Among them three regions i.e; matK, rbcL, trnH-psbA and ITS and ITS2 have been utilised 
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extensively. From the mitochondrial DNA cytochrome oxidase, I (C01) gene also has been extensively used for identification 

of animal species, but it can’t use for plant species identification because of their low rate of evolution in plant mitochondria. 

Kinds of DNA Barcode Markers: 

1. Single Locus DNA barcode markers: 

a. ITS and ITS2: The internal transcribed spacer (ITS) region belonging to the nuclear genome is a non-functional RNA 

sequence located between the 18S and 25S rRNA coding regions. The ITS1 is present between 18S and 5.8S rRNA, 

while ITS2 is between 5.8S and 25S rRNA. Though this region not coding for any proteins but they have critical role in 

the maturation of rRNA and deletion within this region inhibits the production of mature small and large subunits. 

b. matK:  The matK gene of chloroplast codes for maturase enzyme which is involved in Group II intron splicing. The 

gene contains approximately 1500bps, which was located within the intron of the trnK. The two exons of the trnK gene 

that flank the matK were lost, leaving the gene intact in the event of splicing. The gene contains high substitution rates 

within species and is emerging as one of the potential gene and it is being used in the studies of molecular systematics 

and evolution. 

c. rbcL: The rbcL gene in higher plant presents as a single copy per chloroplast genome, but many copies of the genome 

are present in each plastid. rbcL contains only exons, polypeptide with approx. 475 amino acids. It codes for universal 

enzyme Rubisco and easy to amplify but shows slow rate of evolution as compare to matK. 

d. TrnH-psbA: These are non-coding cpDNA region with a length of about 200-500bps in angiosperms. Functions of 

these spacer regions were unknown. The high nucleotide variation has made it difficult to identify conserved regions 

among the highly diverged taxonomic groups. Surprisingly, short regions (6-30bps) conserved across angiosperms. 

 

2. Candidate multilocus DNA Barcode Markers: Due to the limitations possesed by single locus DNA barcode markers various 

combinations of single locus barcode markers have been suggested to compenate their use as single locus and to increase the 

efficiency of identification.CBOL Plant Working Group recommended matK+rbcL as the universal barcode combination. 

Several two, three and four barcode combinations have been suggested including rbcL+trnH-psbA, rpoC1+rpoB+matK or 

rpoC1+matK+trnH-psbA 

 

3. Super DNA barcode markers: The complete cp-genome contained as much variation as the CO1 locus in animals and it 

consist of conserved sequences ranging from 110 to 160 kbp. 

Process of DNA Barcoding 

It involves two steps: 

1. Construction of reference libraries: Several consortia and databases have been involved in collection and maintenance of 

reference libraries of DNA barcode data. These barcode data are standardized and high quality. The CBOL created Database 

Working Group that has worked with Global Biodiversity Information Facility (GBIF) and others to set data standards. Data 

that meets standards carry the BARCODE flag. Every BARCODE record is assigned a recognized species name in museum or 

repository. Each record includes PCR primers used and the trace file from the DNA sequences. In reference libraries from 

voucher specimens in museums over 300 years, taxonomist have collected and described more than 1.7 million species of 

plants. They have built collections of hundreds of millions of representatives of these species. These specimens studied, 

catalogued and now reside in museums. After generating the barcode data there is, need to make this data accessible and 

secure in a permanent home. These databases agreed to be the global repository for DNA barcodes make them available to the 

public. Among the consortia, iBOL and CBOL taken in 2004 total 50 countries are members and consist of high-quality DNA 

barcode records in a public library of DNA sequences. CBOL promotes barcoding through working groups, networks, 

workshops, conferences, outreach, and training. 

a. BOLD Databases is created and maintained by the University of Guelph in Ontario, Canada to make DNA barcoding 

information universally and publicly accessible.  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            140 | P a g e  
 

b. International Nucleotide Sequence Database works together with Genbank USA, European Molecular Biology 

Laboratory in Germany and DNA Data Bank of Japan. It is a permanent public repository for barcode data records. 

 

2. Identification of unknown specimens: Identification of specimen and their delineation consist of data analysis that involves 

alignment of DNA sequences of species under investigation and reference sequences in the libraries. Data analysis can be done 

by two ways that is multiple sequence alignment done by ClustalW, T-coffee, MUSCLE and pairwise sequence alignment can 

be done by BLAST. During the alignment of sequences phylogenic relationships among the species is based on pattern of 

substitution at homologous bases that varies among taxon. Phylogenetic tree can be constructed by two methods that is 

Distance based methods which includes i) Unweighted Pair Group Method with Arithmetic Mean (UPGMA) and, ii) 

Neighbour-joining (NJ). Among Character based methods which includes i) Parsimony and, ii) Maximum likelihood method 

that considering the substitution at homologous bases genetic distances are calculated by Kimura - 2 parameter model (no. of 

substitution per site) this model incorporates the observation that transitions accumulate more rapidly than transversion. It 

Assume all four bases have equal frequencies but that there are 2 rate classes for substitutions. Under this model, the distance 

between any two sequences is given by d = ½ In [1/(1-2P-Q)] + 1/4In[1/(1-2Q)], where P and Q are the proportional differences 

between the two sequences due to transitions and transversions, respectively. It can be done by software MEGA 4.0 using 

genetic distances phylogram can be constructed by various methods. 

Sl. No. Applications Limitation 

1. Provide insights into species-level taxonomy 

and contribute towards the taxonomic process of 

defining and delimiting species. 

No single gene as DNA barcode that is conserved in 

all domains of life and exhibits enough sequence 

divergence for species discrimination. 

2. Cryptic diversity and the discovery of new 

species 

Difficulty in co-operation of scientists for 

establishment of reference sequences. 

3. Construction of phylogenic trees and Species 

delineation 

Difficulties in using various identified regions as 

barcode that are not yet resolved and needs to be 

further studied. 

 

Conclusion 

The task of routine by using traditional systematic based taxonomy has the major limitation that is both phenotypic plasticity 

and genetic variability in the characters employed for discrimination and these morphological characters are very specific-to-

specific life stages. In the case of cryptic taxon identification, this traditional system may lead to misidentification due to the 

complexity of phenotypes in such taxon. This signal need of the new approaches for taxon recognition. DNA barcoding system 

based on DNA barcode reference libraries while, taxonomy based on diagnostic morphological characters. Integrative 

approaches of DNA barcoding and taxonomy have successfully applied for the delineation and discrimination of species. 
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Introduction 

Entomopathogenic bacteria are unicellular prokaryotic organisms having size ranging from less than 1 μm to several μm in 

length. Bacteria with rigid cell walls are cocci, rod-shaped and spiral while bacteria without cell walls are pleomorphic. More 

than 100 bacteria have been identified as arthropod pathogens among which, Bacillus thuringiensis, B. sphaericus, B. cereus 

and B. popilliae have received most attention as microbial control agents. The majority of bacterial pathogens of insect-pests 

occur in bacterial families Bacillaceae, Pseudomonadaceae, Enterobacteriaceae, Streptococcaceae, and Micrococcaceae. These 

families of bacteria usually represent epiphytes or weak pathogens; however, some of them are highly virulent to their 

respective hosts. Among the entomopathogenic bacteria, much attention has been given to the family Bacillaceae. 

Symptoms and Pathology 

Bacterial infections in insects can be broadly classified as bacteremia, septicemia, and toxemia. Bacteremia occurs when the 

bacteria multiply in the insect's hemolymph without the production of toxins. Septicemia occurs most frequently with 

pathogenic bacteria, which invade the hemocoel, multiply, produce toxins, and kill the insect. Toxemia occurs when the bacteria 

produce toxins and the bacteria are usually confined to the gut lumen,Eg: Brachytosis of the tent caterpillar. 

Symptoms of bacterial infections on insects: 

1. Loses its appetite, becomes diarrheic, discharges watery feces, and may vomit 

2. The invasion of the bacteria into the hemocoel results in septicemia and death of the insect.  

3. Insects killed by bacteria, especially in the larval stages, rapidly darken in color and are often very soft. 

4. The internal tissues and organs are rapidly broken down to a viscid consistency, accompanied sometimes by a putrid odor. 

The integument remains intact 

5. The cadaver shrivels, dries, and hardens 

Portals of Entry 

Bacteria infect insects mostly through the mouth and digestive tract, and less commonly through the egg, integument, and 

trachea. They may also enter an insect by means of parasitoids and predators. 

1. Through Enzyme Production: Eg:  

a. Lecithinase is produced by many bacteria including some varieties of Bacillus cereus and Bacillus thuringiensis 

b. Chitinase and phospholipase A in the bacterium Aeromonas punctata may facilitate in producing wounds that form 

black lesions in the cuticle and in the digestive tract of a larva of the mosquito Anopheles annulipes. 

2. Through natural openings and wounds: Only a few cases are known of direct bacterial invasion through the trachea and 

integument. Eg: 

a. Northrup (1914) has reported that Micrococcus nigrofaciens invades the June beetles (Lachnosterna spp.) through 

the joints, spiracles, and white soft portions of the integument, which turn black and oily.  

b. In the bark beetle Scolytis multistriatus, several species of bacteria are transmitted through a larva biting other larvae 

under crowded conditions 

3. Through parasitoids and predators: Some bacteria are transmitted to insects by parasitoids and predators. The adult 

parasitoids puncture the digestive tract and thereby enable the bacteria in the lumen to enter the hemocoel. 

a. An example of parasitoid transmission is the ichneumon Itoplectis conquisitor, which can inoculate with its ovipositor 

Serratia marcescens and Proteus mirabilis from infected to healthy pupae of Galleria mellonella. 
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Classification of Entomopathogenic Bacteria 

1. Spore forming bacteria: Widely used as viable biocontrol agents. They are gram positive, large, rod shaped cells. All spore 

forming bacteria produce endospores which allow them to persist in a dormant state outside the host. Upon ingestion, the 

spore germinates in the gut of the host. 

 

 

 

a. Obligate pathogens: Most Important Species: Paenibacillus popillae Dutky and Paenibacillus lentimorbus Dutky causing 

milky disease to scarabaeidae family. 

b. Non-Crystalliferous facultative pathogens: Important members -Bacillus sphaericus Neide and Bacillus cereus Sensu 

Strict.  

i. Bacillus sphaericus:  

- Heterogenous group including spherical endospore producing bacteria Aerobic, rod shaped, gram 

variable bacterium 

- Produces mosquitocidal toxins known as Mtx proteins. 

- Sphericide is a Wettable Powder formulation against mosquito larva. 

- Vectolex ( Abott) and Mospherix are two recently commercialized products for control of Culex and 

Anopheles vectors. 

ii. Bacillus cereus 

- Spore forming bacteria. 

- Does not produce inclusion bodies. 

- Produces Phospholipase sufficient to damage gut cells of susceptible species aiding entry to the 

hemocoel and cause lethal septicemia. 

c. Crystalliferous facultative pathogens: All spore forming bacteria produce endospores which allow them to persist 

in a dormant state outside the host. In addition to endospore, Crystalliferous Spore Formers produce a proteinaceous 

parasporal crystal in the sporangium. 

Spore forming bacteria 

Obligate pathogens Non-Crystalliferous facultative 

pathogens 

Crystalliferous facultative 

pathogens 
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Important species- Bacillus thuringiensis- Main feature of this bacterium is the production of parasporal bodies(crystals) 

containing specific insecticidal endotoxins (Cry Proteins) acting by ingestions through a pore-forming mechanism of 

action detrimental for the insect gut epithelium. 

Non-Spore forming bacteria: usually reside in the digestive system of most insects. They are harmless in the 

midgut, but pathogenic in blood. They are less utilized as microbial control agents. 

Some Non-Spore forming bacteria are 

i. Serratia entomophila: a pathogen of the New Zealand grass grub, Costelytra zealandica White and is the 

only non-Bacillus bacterial microbial insecticide, currently registered. The bacterium was firstly 

applied as a liquid product Invade but has recently been developed for application as a solid granule 

Bioshield.  

ii. Serratia marcescens: pathogen of the desert locust, Schistocerca gregaria Forskal; Pea aphid, Aphis 

craccivora Koch; and Riptortus pedestris Fabricus. 

d. Entomopathogenic bacteria other than Bacillus 

i. Clostridium bifermentans serovar Malaysia - active against mosquitoes and blackflies. The toxicity is 

associated with a protein homologous to Bt delta endotoxins. 

ii. Pseudomonas entomophila, a ubiquitous bacterium showing insecticidal properties against insects in 

different orders, has the capacity to trigger a systemic immune response in Drosophila melanogaster 

Meigen after ingestion 

iii. Photorhabdus or Xenorhabdus (Family: Enterobacteriaceae) are two genera of entomopathogenic 

bacteria having a symbiotic relationship with nematodes, Heterorhabditis and Steinernema, which 

invade the larvae of the insects 

Conclusion 

Entomopathogenic bacteria and their toxins are the most commercially successful microbial insecticides. These organisms enter 

the host through ingestion and produce toxins and other pathogenic factors that disrupt the midgut epithelium to allow access 

to the nutrient-rich hemocoel, where they proliferate to cause septicemia and death of the insect host. Most commercialized 

microbial products are based on gram-positive bacteria in the genus Bacillus because of their long-term stability; methods are 

being developed to improve long-term storage of gram-negative bacterial pesticides. The most successful microbial pesticide 

to date is Bacillus thuringiensis, which has dominated the microbial pesticide market worldwide. Current goals include the 

identification and development of novel pathogens/strains and toxins that increase efficacy and extend activity range. 

Challenges to further widespread commercialization and uptake of bacterial entomopathogens include the need for cost-

effective products with extended stability in storage and following application and more suitable registration and legislative 

environments. 
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Green revolution has completely changed the face of Indian agriculture. However, there has been surge in crop losses due 

insect pests and disease attacks since green revolution. Every year, insect pests eat away nearly 35 per cent of crop yields,  

posing a serious threat on food security. Many researchers have attributed this to increased usage of chemical fertilizers, 

especially urea, and monoculture by large number of farmers. Alternatively, lesser incidence of insect pests and thereby yield 

losses in organic farming systems has been observed which could be due to healthy crops growing in healthy soils. Plants 

growing in soils with optimum physical, chemical and biological conditions generally have lower incidences of insect pest 

damage. Promoting good soil health is the first and foremost step towards effective insect pest management. Management 

practices that improve soil structure, water retention and drainage, availability of nutrients and promote root growth increase 

the crop resistance against harmful insects. Clearly, there is a direct relationship between a healthy soil and crop protection. 

Even so, this fact has been obviously ignored in pest management practices. 

What is Soil Health? 

Soil health refers to the ability of soil to promote and sustain crop productivity without resulting in soil degradation (Brady 

and Weil 2013). A healthy soil produces a healthy crop (Altieri et al. 2014). It is the integration of optimum physical, chemical 

and biological properties.The physical, chemical and biological aspects of soil health are interrelated and are affected by one-

another.Degree of compaction, porosity, water holding capacity, aggregation etc are some of the important physical properties 

that determine the health of soil. Soils rich in organic matter have ideal physical conditions as they are less compacted, properly 

aerated, well aggregated and higher water availability to plants. Ideal physical conditions of soil encourage proper root 

development and hence healthier plants. Chemical health of a soil is determined from its reaction (pH), content of salts 

(electrical conductivity) and availability of nutrients. A soil having neutral pH (6.5-7.5) is regarded as best for growing most of 

the crops because of optimum nutrient availability in this pH. Very low or very high i.e. toxic levels nutrients can adversely 

affect the plant growth. Presence of well-decomposed organic matter in soil optimises the soil chemical properties. A 

biologically healthy soil is rich in organic matter and supports a multitude of potentially beneficial soil organisms which are 

helpful for crops. They enhance the availability of nutrients and release beneficial chemical and enzymes. 

Relationship Between Insect Pest Incidence and Soil Health 

Soil is home for large number of insects some of which are beneficial to crops while some act as pests. There are many evidences 

supporting the fact that health of soil has direct bearing on plant health which in turn affects its susceptibility towards insect 

pest attack.  

Schuphan (1974) and Eggert and Kahrmann (1984) observed that vegetables grown under organic system were containing 

lower nitrate-nitrogen in foliage and higher phosphorus and potassium content while those receiving application of chemical 

fertilizers were high in nitrate nitrogen content. High levels of nitrogen application aggravate vegetative growth, making it 

more succulent and hence attracting more herbivorous insects. Facknath and Lalljee (2005) reported that higher doses of 

nitrogen increased infestation of serpentine leaf miner on potato whereas phosphorus and potassium were detrimental to the 

insect. The higher number of thrips, Frankliniella occidentalis was observed on tomatoes which received higher rates of N 

fertilization (Brodbeck et al. 2001). A study demonstrated that zinc deficiency caused reduction in pubescence/hairs on corn 

leaves which ultimately enhanced the feeding of Diabrotica virgifera (Hagen and Anderson 1967). 

Marazzi et al. (2004) and Wright et al. (2014) demonstrated through their study that imbalanced application of chemical 

fertilizers can cause nutrient imbalances in soil and hence results in increased plant susceptibility towards insect pests. Altieri 

and Nicholls (2003) attributed this to altered nutrient levels in plants. Bernay and Chapman (1994) also stated that even a small 
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change in nutritional constitution of plant can influence the acceptability of plants by herbivorous insects. The boll weevil 

larvae (Anthonomus grandis) population was found to be increased in cotton plants which were fertilized with higher doses as 

compared to unfertilised control plants (Adkisson, 1958). 

Managing Insect Pests with Healthy Soils 

Optimum physical, chemical and biological properties of soil can contribute towards increasing tolerance or resistance of crops 

against insect pests. Farming practices which deteriorate soil health and create nutrient imbalances can increase susceptibility 

of plants towards insect attack. On the contrary, practices promoting better soil health can either boost up plant defence 

mechanisms by making plants less attractive or more resistant to pests or decrease number of harmful pests by promoting 

natural enemies. Thus, we can say that soil management practices can be regarded as pest management strategies and vice-

versa. 

1. A healthy soil with high organic matter content harbours highly diverse and active soil organisms which compete and may 

completely curb soil-borne pests. 

2. Soil management practices such as green manuring, mulching, addition of organic manures and compost etc., which improve 

organic matter content of soil aids in the proliferation of beneficial soil organisms. 

3. Crop rotation which includes legumes not only interferes in insect life cycles but also helps in enhancing soil fertility. 

4. Crops when intercropped with legumes have lower incidence of insect attack as compared to those grown as pure stand, 

along with reduced runoff and soil erosion, and nutrient losses. 

5. Adopting conservation tillage can help in preserving soil structure and prevent soil compaction. Moreover, crop residues 

left on soil surface can improve soil organic matter content. 

6. Fertilization practices can affect the plants’ susceptibility to insect pest attack by altering the nutrient composition of soil. 

Application of nitrogenous fertilizer alone can enhance the amino acid content in plant foliage and hence increase the pest 

incidences. Whereas, sufficient availability of potassium to plants results in conversion of soluble amino acids and nitrates to 

proteins which in turn makes them less attractive to herbivorous insect pests. 

7. Combined application of organic and chemical fertilizers leads to high organic matter, improved microbial activity and 

balanced supply of macro and micro nutrients to plants making it resistant to insect attack. 

Conclusion 

It can be concluded that insect pest management and soil health management go hand in hand. A healthy soil raises healthy 

crop which is less susceptible to insect pest attack. Hence to reduce the yield losses of crop and use of harmful pesticides, we 

have to improve the health of our soils through improved farming practices. 
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Introduction 

A multiplicity of Good Agricultural Practices (GAP) codes, standards and regulations have been developed in recent years by 

the food industry and producers’ organizations but also governments and NGOs, aiming to codify agricultural practices at 

farm level for a range of commodities. Their purpose varies from fulfillment of trade and government regulatory requirements 

(in particular with regard to food safety and quality), to more specific requirements of specialty or niche markets. 

Definition 

Good Agricultural Practices are "practices that address environmental, economic and social sustainability for on-farm 

processes, and result in safe and quality food and non-food agricultural products" (FAO COAG 2003 GAP paper).  

These four 'pillars' of GAP (economic viability, environmental sustainability, social acceptability and food safety and quality) 

are included in most private and public sector standards, but the scope which they actually cover varies widely. 

Concept 

The concept of Good Agricultural Practices (GAP) has evolved in recent years in the context of a rapidly changing and 

globalizing food economy and as a result of the concerns and commitments of a wide range of stakeholders about food 

production and security, food safety and quality, and the environmental sustainability of agriculture. GAP applies 

recommendations and available knowledge to addressing environmental, economic and social sustainability for on-farm 

production and post-production processes resulting in safe and healthy food and non-food agricultural products. A broadly 

accepted approach using GAP principles, generic indicators and practices will help guide debate on national policies and 

actions and on the preparation of strategies to ensure that all stakeholders participate in and benefit from the application of 

GAP in the food chain. The implementation of GAP should therefore contribute to Sustainable Agriculture and Rural 

Development (SARD). 

Objectives  

1. Ensuring safety and quality of produce in the food chain 

2. Capturing new market advantages by modifying supply chain governance 

3. Improving natural resources use, workers health and working conditions, creating new market opportunities for farmers 

and exporters in developing countries. 

Key Elements of GAP 

1. Prevention of problems before they occur 

2. Risk assessments 

3. Commitment to food safety at all levels 

4. Communication throughout the production chain 

5. Mandatory employee education program at the operational level 

6. Field and equipment sanitation 

7. Integrated pest management 

8. Oversight and enforcement 

9. Verification through independent, third-party audits 
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Potential benefits and challenges related to Good Agricultural Practices 

1. Appropriate adoption and monitoring of GAP helps improve the safety and quality of food and other agricultural products. 

2. It may help reduce the risk of non-compliance with national and international regulations, standards and guidelines (in 

particular of the Codex Alimentarius Commission, World Organisation for Animal Health (OIE)  and the International Plant 

Protection Convention IPPC regarding permitted pesticides, maximum levels of contaminants (including pesticides, veterinary 

drugs, radionuclide and mycotoxins) in food and non-food agricultural products, as well as other chemical, microbiological 

and physical contamination hazards. 

3. Adoption of GAP helps promote sustainable agriculture and contributes to meeting national and international environment 

and social development objectives. 

Challenges related to GAP 

1. In some cases, GAP implementation and especially record keeping and certification will increase production costs. In this 

respect, lack of harmonization between existing GAP-related schemes and availability of affordable certification systems has 

often led to increased confusion and certification costs for farmers and exporters. 

2. Standards of GAP can be used to serve competing interests of specific stakeholders in agri-food supply chains by modifying 

supplier-buyer relations. 

3. There is a high risk that small scale farmers will not be able to seize export market opportunities unless they are adequately 

informed, technically prepared and organized to meet this new challenge with governments and public agencies playing a 

facilitating role. 

4. Compliance with GAP standards do not always foster all the environmental and social benefits, which are claimed. 

5. Awareness rising is needed of 'win-win' practices which lead to improvements in terms of yield and production efficiencies 

as well as environment and health and safety of workers. One such approach is Integrated Production and Pest Management 

(IPPM). 

Conclusion 

Good agricultural practice (GAP) is a certification system for agriculture, specifying procedures (and attendant documentation) 

that must be implemented to create food for consumers or further processing that is safe and wholesome, using sustainable 

methods. While there are numerous competing definitions of what methods constitute good agricultural practice there are 

several broadly accepted schemes that producers can adhere to. 
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Bioremediation defined as the process of partial and sometimes total, transformation or detoxification by using either of 

naturally occurring or deliberately introduced microorganisms, plants, or microbial or plant enzymes to consume and break 

down environmental pollutants generated from domestic, agricultural, and industrial wastes in order to clean a polluted site. 

The process of bioremediation enhances the rate of the natural microbial degradation of contaminants by supplementing the 

indigenous microorganisms (bacteria or fungi) with nutrients, carbon sources, or electron donors (biostimulation, 

biorestoration) or by adding an enriched culture of microorganisms that have specific characteristics that allow them to degrade 

the desired contaminant at a quicker rate (bioaugmentation). As bioremediation can be effective only where environmental 

conditions permit microbial growth and activity. Its application often involves the manipulation of environmental parameters 

to allow microbial growth and degradation to proceed at a faster rate. Bioremediation techniques are typically more economical 

than traditional methods such as incineration, and some pollutants can be treated on site, thus reducing exposure risks for 

clean-up personnel, or potentially wider exposure as a result of transportation accidents. Most bioremediation systems are run 

under aerobic conditions, but running a system under anaerobic conditions may permit microbial organisms to degrade 

otherwise recalcitrant molecules. 

Types of Bioremediation: 

Bioremediation technology has made it possible to decontaminate soil and groundwater and has helped to clean the oceans 

after oil spills and other environmental disasters. For a better understanding, let’s delve a little deeper into the classic types of 

bioremediation. 

1. Microbial bioremediation: uses microorganisms to break down contaminants by using them as a food source. 

2. Phytoremediation: uses plants to bind, extract, and clean up pollutants such as pesticides, petroleum hydrocarbons, metals, 

and chlorinated solvents. 

3. Mycoremediation: uses fungi’s digestive enzymes to break down contaminants such as pesticides, hydrocarbons, and heavy 

metals. While, on the basis of nature of remediation it is categorized into two part  

4. Natural attenuation or intrinsic bioremediation: Bioremediation occurs on its own without adding anything. 

5. Biostimulation: Bioremediation is spurred on via the addition of fertilizers to increase the bioavailability within the medium.  

However, technologies of bioremediation can be categorized on basis of the operational locations i.e. purify at the site of 

contamination (in situ) or on contamination removed from the original site (ex situ). 

A. In-situ Bioremediation: 

In-situ bioremediation is the application of biological treatment to the cleanup of hazardous waste at its point of origin. It 

prevents the spread of contamination during the displacement and transport of the waste material. 
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1. Bioventing: Bioventing stimulates the natural in-situ biodegradation of any aerobically degradable waste in non-aqueous 

phase liquids (NAPL) within the soil by providing oxygen to existing soil microorganisms. 

2. Biosparging: Biosparging is an in-situ remediation technology that uses indigenous microorganisms to biodegrade organic 

constituents. To increase biological activity of indigenous microorganisms in saturated zone supply of air and nutrients is given 

by sparging air. 

3. Biostimulation: This process involves the stimulation of indigenous microorganisms to degrade the contaminant. The 

addition of nitrogen and phosphorus-containing substrates has been shown to stimulate the indigenous microbial populations. 

4. Bioaugmentation: Bioaugmentation is the introduction of a group of natural microbial strains or a genetically engineered 

variant to treat contaminated soil or water. It is commonly used in municipal wastewater treatment to restart activated sludge 

bioreactors.  

5. Phytoremediation: Phytoremediation is an in-situ remediation technology that utilizes the inherent abilities of living plants. 

It is also an eco-friendly, solar-energy driven clean-up technology, based on the concept of using nature to cleanse nature. 

B. Ex-Situ Bioremediation  

Ex-situ bioremediation is a biological process in contaminated soil or water once has been excavated or pumped out of the 

location at which it was found is placed in a lined above-ground treatment area and aerated followed by processing to enhance 

the degradation of organic contaminants by the indigenous microbial population. 

1. Bioreactors: Bioremediation through bioreactors involves the treatment of a contaminated substance in a large tank 

containing organisms or enzymes. In general, the rate and extent of biodegradation are greater in a bioreactor system than in 

situ or in solid-phase systems. 

2. Land Farming: Involves a simple technique in which contaminated soil is excavated and spread over a prepared bed and 

periodically tilled until pollutants are degraded.  

3. Composting: Composting is a traditional method to convert waste into household usable materials. It involves combining 

contaminated soil with nonhazardous organic amendments such as manure or agricultural wastes. 
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4. Bio piling: A bio-pile is a bioremediation technology in which excavated soils are mixed with soil amendments, formed into 

compost piles, and enclosed for treatment. The basic biopile system includes a treatment bed, an aeration system, an 

irrigation/nutrient system and a leachate collection system. 

 

Applications of Bioremediation 

1. Bioremediation is used for the remediation of metals, radionuclides, pesticides, explosives, fuels, volatile organic compounds 

(VOCs) and semi-volatile organic compounds (SVOCs). 

2. Research is underway to understand the role of phytoremediation to remediate perchlorate, a contaminant that has been 

shown to be persistent in surface and groundwater systems. 

3. It may be used to clean up contaminants found in soil and groundwater. 

4. For radioactive substances, chelating agents are sometimes used to make the contaminants amenable to plant uptake. 

 

Advantages of Bioremediation: 

Bioremediation has a number of advantages over other cleanup methods. 

1. As it only uses natural processes, it is a relatively green method that causes less damage to ecosystems. 

2. It often takes place underground, as amendments and microbes can be pumped underground to clean up contaminants in 

groundwater and soil; therefore, it does not cause much disruption to nearby communities. 

3. The process of bioremediation creates few harmful byproducts since contaminants and pollutants are converted into water 

and harmless gases like carbon dioxide. 

4. Bioremediations is cheaper than most cleanup methods, as it does not require a great deal of equipment or labor.  

5. Bioremediation can be tailored to the needs of the polluted site in question and the specific microbes needed to break down 

the pollutant are encouraged by selecting the limiting factor needed to promote their growth. 

Limitations and Concerns of Bioremediation: 

1. The toxicity and bioavailability of biodegradation products are not always known. 

2. Degradation by-products may be mobilized in groundwater or bio-accumulated in animals. 

3. Additional research is needed to determine the fate of various compounds in the plant metabolic cycle to ensure that plant 

droppings and products do not contribute to toxic or harmful chemicals into the food chain. 
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4. Scientists need to establish whether contaminants that collect in the leaves and wood of trees are released when the leaves 

fall in the autumn or when firewood or mulch from the trees is used. 

5. Disposal of harvested plants can be a problem if they contain high levels of heavy metals. 

6. The depth of the contaminant limits treatment. In most cases, it is limited to shallow soils, streams, and groundwater. 

7. Generally, the use of phytoremediation is limited to sites with lower contaminant concentrations and contamination in 

shallow soils, streams, and groundwater. 

8. The success of phytoremediation may be seasonal, depending on location. Other climatic factors will also influence its 

effectiveness. 

9. The success of remediation depends on establishing a selected plant community. Introducing new plant species can have 

widespread ecological ramifications. It should be studied beforehand and monitored. 

10. If contaminant concentrations are too high, plants may die. 

11. Some phytoremediation transfers contamination across media, (e.g., from soil to air). 

12. Phytoremediation is not effective for strongly sorbed contaminants such as polychlorinated biphenyls (PCBs). 

13. Phytoremediation requires a large surface area of land for remediation. 

Conclusion 

Bioremediation refers to the process of microorganism’s utilization to remove the environmental pollutants i.e. the toxic wastes 

found in soil, water, air etc. The microorganisms play very decisive role and serve as scavengers in bioremediation. Many 

numbers of microorganisms and plants can be used in bioremediation process. A bacteria Pseudomonas species predominantly 

used because they rapidly digest toxic material without causing any poisonous compound and use as energy source. Recent 

developments in biotechnology have greatly improved the range of treatment available. Use of genetically modified plant, 

GMO for bioremediation because this is safe and natural method of clean up environment, less cost for equipment and labor 

and less disruption to the environment. 
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Archaea are single celled micro-organisms with structure similar to bacteria found in wide variety of soil habitats. Archaea 

inhabits extreme environments such as volcanic vents or at the bottom of the sea, permafrost, areas of high salinity and low in 

oxygen (obligate anaerobe). comprise more than 20 per cent of the world biomass and are among the most primitive and ancient 

life forms on earth. Archaea represents a significant component of the plant microbiome, whereas their function is still unclear. 

There is an increasing interest arises among the scientific fraternity to exploit the potentiality of Archaea in the field of 

agriculture, due to its unique adaptation to drastically varying ecosystems. 

Introduction 

Archaebacteria are the oldest organism living on Earth. They are unicellular prokaryotes - microbes without cell nucleus and 

any other membrane-bound organelles in their cells - and belong to the kingdom, Archaea. Archaebacteria survive in such 

extreme environment as sea vents releasing sulfide-rich gases, hot springs, or boiling mud around volcanoes. There are 209 

species of Archaea which are divided into 63 genera of which 24 are monotypic (Having only one species in the genus). They 

are evolutionarily distinct from bacteria and eukaryotes and form the third domain of life. 

On the basis of their physiological characters, the archaea have been grouped into five different phyla namely, 

1. Euryarchaeota, 

2. Crenarchaeota,  

3. Nanoarchaeota,  

4. Thaumarchaeota 

5. Korarchaeota 

Adaptation Due to! 

Obsidian Pool in Yellowstone National Park and Hydrothermal Vents in the ocean 

Archaea- different phyla 
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Thermophilic archaea have possible adaptations to high temperatures due to presences of ubiquitous topoisomerase reverse 

gyrase, ether-linked L-lipids membranes and the high number of modified nucleosides. They do not have peptidoglycan in 

their cell wall  but they have ribosomes similar to eukaryotes. 

Special Feature 

Usually, archaea are beneficial, they are not pathogenic. Hence it is used for agriculture purpose as a plant growth promoter. 

Role of Archaea 

Archaea plays an important role in biogeochemical cycling viz., carbon, nitrogen, phosphorous and sulfur cycle and in 

sustenance of vegetation in saline environments. Archaea represents a significant component of the plant microbiome, whereas 

their function is still unclear. Archaea are differently distributed in plants and often found in the rhizosphere and endosphere 

but rarely in the phyllosphere. 

In general, plant growth promoting bacteria is known to have both biofertilizer and biopesticide activity. As same as bacteria, 

archaea also having the potential which includes phosphorus solubilization, nitrogen fixation, siderophore production, Indole 

acetic acids (IAA) production and induced systemic resistance (ISR) ( Taffner et al., 2018). 

Different archaeal genus such as Natrialba, Natrinema, Halolamina, Halosarcina, Halostagnicola, Haloarcula, Natronoarchaeum, 

Halobacterium, Halococcus, Haloferax and Haloterrigena having the plant growth promoting attributes. 

Archaea were found to have the potential to interact with plants by: 

1. possible plant growth promotion through auxin biosynthesis,  

2. nutrient supply, and 

3. protection against abiotic stress (especially oxidative and osmotic) 

Few reports evidenced that archaea as plant growth promoting, which includes phosphorus solubilization by haloarchaea 

(Halococcus hamelinensis), nitrogen fixation by methanogens siderophore production and IAA production by halophilic and 

thermophilic archaea respectively. 

Nitrosocosmicus oleophilus MY3 isolated from soil and characterized as Ammonia Oxidizing Archaea (AOA) having the dual 

role in plant; plant growth promotion and activates Induced Systemic Resistance (ISR) against Pectobacterium carotovorum and 

Pseudomonas syringae. 

Nitrogen

SulfurCarbon

PhosphorusNutrient Cycling

Plant Growth Promotion

Bioremediation

Potential role of Archaea 
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Extreme halophilic strains Halobacterium, Haloferax, Halococcus having the potential to degrade crude oil and hydrocarbons. 

In addition to this, biodegradation at high temperature and hypersaline environment. 

Conclusion 

Archaea have inhabited the earth for a long period of time, and are ubiquitously distributed in diverse environments.  The 

importance of archaea as a functional component of the plant microbiome. Under the harsh environmental conditions of the 

bog ecosystem, Archaea contribute to the functioning of the ecosystem and vegetation by performing functions involved in 

nutrient cycling, stress response, and phytohormone biosynthesis and by interacting with both bacteria and their hosts. These 

archaeal properties should be further taken into account for microbiome-based treatment of plants in agriculture, especially in 

sites with extreme conditions, like rice fields and permanent agriculture. More efforts are needed to cultivate plant-associated 

archaea and to learn more about plant-associated archaeal diversity. Thus, before Archaea become part of the “disappearing 

microbiota”, will use for agriculture. 
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Nutrient supply is one of the most important factors influencing growth and productivity of the all crops. So far, 17 nutrients 

are recognized as essential for plants. In which, Nitrogen is most essential and primary. It is reserve in the soil or through the 

application of manures and fertilizers. When the soil does not furnish adequate quantities of the elements necessary for normal 

development of the plants, it is essential that the required amount may be supplied through application of manures and 

fertilizer. Application of biofertilizeris the eco-friendly approach to maintain the soil fertility. 

Introduction 

Elemental Nitrogen, recognized by Rutherford in 1772 as colourless, odourless and inertgas , in the main constituent of air. A 

nutrient element is one that is required to complete the life cycle of organism and its relative deficiency produces specific 

deficiency symptoms. The adverse effects are relieved by the supply of that specific element only. 

Without the use of N fertilizers, we could not secure food for the prevailing diets of nearly 45 per cent of the global population. 

The fixation of nitrogen is vital to the progress of civilized humanity. Nutrient application in a year may have its effect on both 

the nutrient status and productivity in the following and subsequent years, plant responds to both direct and residual soil 

fertility. When compared to organic manures, micro-organisms fix more nitrogen and the efficiency also high which maintains 

the soil fertility. 

Primary Nutrient - Nitrogen 

Plants need large quantities of element is known as primary/ macronutrients. Nitrogen is the first fertilizer element of 

macronutrient usually applied in the form of commercial fertilizers. N is the essential consistent of proteins and amino acid 

synthesis followed by vigorous vegetative growth and governs the utilization of K, P and other elements. The available 

Nitrogen feeds microorganisms in the soil. 

 

Figure 1 : Sources of N 

1. Earth Atmosphere: It consists of 78 per cent of nitrogen. N found in soil mineral is negligible. N may be added to the soil or 

removed/ leach out from the soil by numerous process. 

2. Rainfall: It adds about 10 lbs of nitrogen to soil per acre per year. Nitrogen oxides and NH4 are formed during electrical 

stroms and oxidation by sunlight. 

Earth 
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& Rainfall
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3. Crop Residues: It decomposed in the soil and forms soil organic matter (SOM) which inturn contains 5 per cent nitrogen. 

4. Legumes: It fixes atmospheric nitrogen through symbiotic association with Rhizobium bacteria. It fixes several pounds of N 

per acre per year. 

5. Microorganisms: The atmospheric dinitrogen is fixed in the form of ammonia by the enzyme nitrogenase possessed by all 

dinitrogen fixing microorganisms belongs to Eubacteria. It is associated with several crop plants and tree species. The fixation 

varied among the microorganisms depending on their efficiency.  It has been estimated that 100 to 175 million tons of nitrogen 

are fixed annually by the process of biological nitrogen fixation. 

                      

Figure 2: Types of N fixing microbes 

a. Free living aerobic bacteria- Azotobacter, Beijerinckia, Klebsiella, Cyanobacteria (lichens) 

b. Free living anaerobic bacteria- Clostridium, Desulfovibrio, Purple sulphur bacteria, Purple non-sulphur bacteria, Green 

sulphur bacteria 

c. Associative symbiotic bacteria- Azospirillum  

d. Symbionts- Rhizobium (legumes), Frankia (non legumes trees) 

e. Endophytic- Gluconacetobacter ,Herbaspirillum,  Azoarcus. 

6. Manures 

Organic Manures N % 

Guana 10.15 

Night Soil 5.5 

Oil Cakes 3 to 5 

Bones 3.5 

Coir Compost 1.4 

Vermicompost 0.75 to 1 

Cattle Manure/ FYM 0.6 

 

7. Commercial Fertilizers: It is available in three forms (solid, liquid & gas) and all the forms are equally effective when applied 

at proper time. 

Free living aerobic bacteria Symbiotic bacteria

Free living anaerobic bacteria Associative symbiotic bacteria

Nitrogen fixing 
microorganisms
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Nitrogen Transformation 

Organic nitrogen cannot be used by the plants but it is transformed into NH4+ by soil microorganisms. Soil microbes use NH4+ 

and NO3- when decomposing plant residues. Then the plant residues incorporated with the microbial tissue and alters the C:N 

ratio and maintains the soil fertility. Microbes play major role in nitrogen transformation. 

Conclusion 

The application of nitrogen results in higher yield only when they are applied at proper time and proper dosage. Rather than 

chemical fertilizers, use of microorganisms improves the nitrogen fixing efficiency by the process of Biological Nitrogen 

Fixation (BNF) which leads to sustainable agriculture. By the use of organic (biofertilizer) nitrogen supplier, the chemical 

nitrogen (fertilizer) can be reduced to the tune of 20 to 25%. 

  

Mineralization

Nitrification

ImmobilizationDe-nitrification

Ammonia 
volatilization

Figure 3 Nitrogen transformation from soil to plants 
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Summary  

India is a hotspot of diverse plant species rich in medicinal and aromatic compounds. Certain of the species are highly known 

for their values in the medicinal systems. However, their survival is endangered owing to several reasons. This informative 

article briefly describes such plant species, their importance and suggests conservation, improvement and utilization. 

Introduction 

India is a biodiverse nation having rich varieties of flora owing to the geo-ecological diversity found within its boundaries. The 

landscapes are hub to many plants species rich in medicinal compounds mainly because of the presence of secondary 

metabolites that respond to stimuli in natural environments. Many of these medicinal plants are yet to be explored and 

identified. Some of these have reached endangered and vulnerable levels in ecosystem while some have already been extinct, 

reasons being several as changing climate, increasing pollution, human intervention and deforestation. Many species of such 

plants are being declared as “unsistainably exploited” making them vulnerable and endangered. There are two broad reasons 

related to the scenario, firstly, excess demands able to wipe out entire supply as in case of Saraca asoca and second being the 

changing weather vagaries resulting in global warming with other phenomenon leading to loss of many medicinal species 

which require proper protection, conservation and utilization. The loss of such plant species is estimated to be between 100 

and 1000 times higher than natural extinction. In situ conservation and multiplication of such endangered plant species allows 

their protection and maintenance of natural communities. Explorative collection of plants in wide geographical areas as 

probable habitats of plants and evaluative multiplication with resource management is conducted near the site of collection or 

in similar geo-climatic zones. Ever increasing demand for herbal drugs, natural health products and secondary metabolites 

increases the use of medicinal plants. Biotechnological approaches like tissue culture, molecular marker based approaches, 

QTL identification, GWAS and synthetic seed technology should be applied to improve yield and modify the potency of 

medicinal plants. Wild resources need to be utilised and multiplied effectively where domestic cultivation and supplies is not 

efficient. 

Valeria sp. is a perennial flowering gynodioecious herb favoured for its root and rhizome found at subtemperate regions of 

Himalaya and northeast hills. The extracts are most commonly associated with treatment of insomnia, verified for hypnotic 

effects, treatments of ulcers, asthma and anxiolytic activity. Valeriana jatamansi (Fig. 1 and Fig. 2) is also known to possess 

fungicidal activity against Fusarium oxysporum and Macrophomia phaseolina (Arora et al., 2003). The research group also clearly 

indicated the prevalence of microclimate on the chemical composition of the essential oil from plants inhabiting the particular 

area. However, there are limited studies reporting the usage of biotechnological tools utilising the trait association studies and 

QTL identification for improvement. Other medicinal plants such as climbing legume Mucuna pruriens (velvet bean) is the best-

known natural source of L-dopa, the gold standard for treatment of Parkinsonism. It is also used for the management of male 

infertility, nervous disorders and amphrodisiac. In wild it is found growing on tree trunk and is very itchy to touch due to 

serotonin and mucunain present in the fine dense hairs lining the seed pods (Fig. 3). This even makes breeding procedures 

such as crossing and handling for phenotypic examination a difficult task. Antioxidant activity of Mucuna was demonstrated 

in vitro by its ability to scavange DPPH radicals and reactive oxygen species (Lampariello et al., 2012). Paris polyphylla, a 

vulnerable plant containing potent medicinal values is used for its root as being antipyretic, detoxicant, antiasthmatic, 

antitussive and sedative. Similarly, poplar (Fig. 4) is a very important forest species with some being endangered (Populus nigra; 

black poplar and other Populus spp.) whose wood is used most commonly for several purposes. It is medicinally used to loosen 

chest congestion and as a stimulant while some people directly apply the extract to skin sores, bruises, cuts, and external 

haemorrhoids. Species as such are currently gaining importance in genetic improvement programs aiming development of 
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domestication characters vis a vis wild trait with efficient end usage. Such domesticated species as in mucuna and Paris 

polyphylla could be very accepted for garden cultivation and aesthetics. 

Conclusion 

Many such species contain huge potential for medicinal improvement and need further studies to be conducted. Cultivation 

of such species can help small scale farmers with good knowledge of concerned agrotechnology can be achieved to develop 

the commercial activities for successful and sustainable maintenance of species complex. 
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Introduction 

Symbiosis- Any form of biological association between two different biological organisms, near and long term. The organisms, 

each called symbiont. In 1879,' Heinrich Anton de Bary' initially coined the term symbiosis as "the life together of unlike 

species." An endosymbiont or endobiont is any organism that lives inside another organism's body or cells. Within Periplaneta, 

for example, there are the bacteria inside the hindgut that are useful in the digestion of carbohydrates. Endocellular symbionts 

live within specialized insect cells mycetocytes (also called as bacteriocyte), is a specialized adipocyte found mainly in certain 

groups of insects, such as aphids, tsetse flies, German cockroaches, weevils. and provide essential nutrients to their hosts which 

in turn provide the bacteria with suitable habitat. Microbiota of the insect is well recognized as a "hidden" player influencing 

essential features of insects. Bacterial endosymbionts provide essential nutrients to about 10–15% of insects (Mergaert, 2018). 

Types of Endosymbionts 

Paul Buchner (1965) who is regarded as the father of studies on the symbiotic associations between insects and microorganisms, 

distinguished two types of symbionts: Primary and Secondary. 

1. Primary endosymbionts: Primary endosymbionts have close relationship with their insect hosts for many millions of years. 

They form obligate associations (i.e. neither the bacteria nor the insect is viable without each other), and display co-speciation 

with their insect hosts. Among these primary endobionts, the best studied relationship is the pea aphid (Acyrthosiphon pisum) 

and its endosymbiont Buchnera sp. (Douglas A E, 1998; Moran N A, 1996), the tsetse fly, Glossina morsitans morsitans and its 

endosymbiont Wigglesworthia glossinidia brevipalpis.  

2. Secondary endosymbionts: This type of symbiotic relationship between insects and its endobionts exhibit a more recently 

developed association. These are horizontally transferred between hosts, live in the hemolymph of the insects (not specialized 

bacteriocytes), and are not obligate. E.g. The pea aphid (Acyrthosiphon pisum) is known to contain at least three secondary 

endosymbionts, Hamiltonella defensa, Regiella insecticola, and Serratia symbiotica. Hamiltonella defensa defends its aphid host from 

parasitoid wasps (Oliver et al., 2008). This defensive symbiosis improves the survival of aphids, which have lost some elements 

of the insect immune response. 

Transmission of Endobionts 

Endosymbiotic microorganisms are transferred to the insect body in the following ways: 

1. Horizontal transmission: Each new generation acquires free living symbionts from the environment. E.g.  Hamiltonella 

defensa in aphids. 

2. Vertical transmission: it takes place when the symbiont is transferred directly from parent to offspring. E.g. Plataspid 

stinkbug symbionts live in the bugs’ posterior midgut and are vertically transmitted by the mother in symbiont “capsules.” 

3. Transovarial transmission: In Sitphilus and also in Cockroaches, the symbiotic microorganisms move from the fat body to 

the developing ovaries. This is called as Transovarial transmission. 
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4. In termites, the endosymbionts reside within the hindgut and are transmitted through trophallaxis (transfer of food or other 

fluids among members of a community through mouth-to-mouth) among colony members. 

Location of Endosymbionts Within Insect Body 

1. Most microorganisms are intracellular in various parts of insect body. The cells containing microorganisms called as 

mycetocytes or bacteriocytes. The location of the mycetocytes in the insect varies between insect groups. They may be 

associated with the digestive tract, lie free in the haemocoel or be situated in the fat body. 

2. In some insects, the symbionts are free in the gut lumens. Examples- Flagellates which live in the hindgut of wood eating 

cockroaches and termites while in adult tephritid flies have a dorsal diverticulum of the oesophagous in which the bacteria 

accumulate.  

3. In plant sap sucking Heteroptera, the bacteria live in the gastric caeca of the midgut. 

Location of Endosymbionts Within Insect Body 

In its host insect, endobionts perform many roles which are as follows: 

1. Nutrition: Effective symbiotic fauna is of great help in providing nutritional supplements to its host insects. In aphids, a 

necessary nutritional symbiont, Buchnera aphidicola synthesizes amino acids and other essential nutrients that are lacking in its 

diet of phloems (Douglas A E, 2009). Another example is the bacteria found in the guts of higher termites (Kalotermitidae) are 

capable of fixing atmospheric nitrogen which is then incorporated into the insect tissues (Bentley, 1984). 

2. Guard against pathogens and/or parasites: Microbial fauna present inside the insect body play a very significant role in 

defense. The defense of Hamiltonella and Serratia symbiotica could increase the resistance of the aphid host against Aphidius ervi, 

a parasitoid wasp that often preys on aphids. Endosymbionts decrease the developmental success of wasps following 

parasitism thereby causing high mortality in developing parasitoid larvae in aphid (Oliver et al., 2003).  

Enterococcus mundtii found in Spodoptera littoralis gut secretes an antimicrobial peptide-or bacteriocin-called mundticin KS that 

targets aggressive or competitive bacteria, helping to keep the leafworm healthy. 

In Drosophila neotestacea, S. poulsonii has spread across North America owing to its ability to defend its fly host against nematode 

parasites (Jaenike et al., 2010). This defence is mediated by toxins called "ribosome-inactivating proteins" that attack the 

molecular machinery of invading parasites (Hamilton et al., 2016; Ballinger et al., 2017). These Spiroplasma toxins represent one 

of the first examples of a defensive symbiosis with a mechanistic understanding for defensive symbiosis between an insect 

endosymbiont and its host. 

3. Immunity: The gut of insect is a very dynamic environment, providing plenty of opportunity for the bacteria to flourish and 

survive within it. Many of the gut commensal bacteria have evolved to inhabit this environment and thus are able to colonize 

the gut. In diong so, they provide protection against invasive pathogenic microbes. E.g. Axenic (germ free) locusts were found 

to be more susceptible to infection by entomopathogenic fungi- Beauvaria and Metarhizium. Similarly, axenic Bombyx mori larvae 

were found to be more susceptible to Serratia piscatorum and Baculo virus infection (Rajgopal, 2009). 

4. Digestion: Insect gut microbes play a crucial role in digestion of food materials. The gut symbiotic microbiota (Lactococcus, 

Serratia, Dysgonomonas, and Enterococcus) of the bamboo snout beetle, Cyrtotrachelus buqueti adult and larva has lignocellulose- 

degrading ability. In Costelytra zealandica (New Zealand grass grub), various hindgut bacteria participate in lignocellulose 

degradation (Zhang and Jackson, 2008). In termites, there are flagellate protozoa (Trychonympha) present in the hindgut which 

is responsible for digestion of cellulose. The wax moth, Galleria mellonella larvae a recent study of plastic degradation, showed 

that the biodegradation of polyethylene depended on the behavior of micro-organisms present in the larvae gut. Plastic bag 

for 12 hours after exposure to ~100 wax worms, causing a mass loss of 92 mg (Paolo Bombelli et al., 2017). 

5. Temperature Tolerance: Endosymbionts influence thermo tolerance in insects. In whitefly Bemisia tabaci, the secondary 

endosymbiont Rickettsia may confer heat tolerance to the host. The job of preventing heat stroke in aphids is outsourced to a 

bacterium called Buchnera which produces heat shock proteins (HSPs) that work better than the aphid HSPs. So Buchnera helps 

aphids survive at high temperatures. 
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6. Pesticide Detoxification: The gut microbiota also plays a very important part in detoxifying pesticides. In stinkbugs, the 

genus Burkholderia provides protection against organophosphate insecticides. The beanbug, Riptortus pedestris, and associated 

stinkbugs harbour mutualistic gut symbiotic bacteria. Fenitrothion- degrading Burkholderia strains establish a specific and 

beneficial symbiosis with the stinkbugs and confer a resistance of the host insects against fenitrothion. 

Conclusion 

Of great importance is the study of microorganisms associated with insects. Such studies are of great help in identifying 

essential endosymbiont characteristics of a specific species of insects. The pest control methods can be improved by 

manipulating these symbionts. Such studies help us to understand the species extinction risk. The short and long-term 

evolutionary relationships between the insect and its endobionts can be observed. 
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Introduction 

Nearly half the world’s population lives in urban cities. The physical environments of urban area are entirely different from 

rural and natural areas. When it rains over a rural landscape, much of the rainwater sinks into the ground or is evaporated or 

transpired by trees, crops and other plants. 

Transpiration is the biological process in which plants pull moisture out of the soil by their roots and release water vapor to 

the atmosphere through small openings in their leaves. Every day, plants release large quantities of water vapor. Growing 

plants can transpire nearly ten times of water as they hold in their stems and leaves. These slow, natural processes allow 

precipitation to replenish groundwater and sustain vegetation, leaving only a small amount of water as overland flow or runoff. 

In urban areas, rain water pours on city streets, rooftops and parking lots and huge amounts of rainwater is wasted as runoff. 

In a typical city block, stormwater is collected by drains and catchbasins which then convey it underground through sewers. 

Finally, it is discharged to a natural water system such as a creek, river or lake. Often stormwater is released without any 

pollution management. That’s a problem, since water runs over urban surfaces, it picks up bacteria, heavy metals, nutrients 

and particulates. 

In cities, the source of water that replenishes our aquifers is completely altered. Under natural conditions, aquifers are sustained 

through the infiltration of clean rainwater and streamwater into the ground. But for urban environments, these sources are cut 

off by the impervious landscapes. Instead, water from leaky sewers, water mains, septic tanks and landscape irrigation becomes 

the source for groundwater recharge. Since many of these sources are wastewater, they’re poor-quality sources and can lead 

to groundwater contamination. 

Recent innovations in how to deal with urban stormwater are working to prevent runoff near its source and to provide 

pollution prevention and quantity control. 

Imitating Nature to Solve an Urban Problem 

Low Impact Development (LID) is a planning and design approach that aims to mimic naturalized water balances. It combines 

infiltration, evaporation and transpiration while limiting runoff. The goal of LID is to restore processes that are lost in a built-

up urban environment. LID includes several types of low-level new and innovative stormwater technologies that together let 

water infiltrate the ground and evapotranspire into the air. 

1. Green or living infrastructure: Green roofs are vegetated roof systems that combine plants, engineered growing media, 

drainage layers and traditional waterproof roof membranes. They can look like rooftop gardens. Bioretention and rain gardens 

are other vegetated systems, these on ground level, that allow stormwater to soak directly into the earth. These living systems 

restore evapotranspiration and clean stormwater by filtering it as it flows through the engineered soils. 

2. Permeable pavements: Permeable pavements allow stormwater to infiltrate slowly into the ground. These pavements can 

be used for low traffic roadways and driveways, parking lots and pedestrian walkways. There are many different kinds of 

permeable pavements: Some of the most commercially successful systems include permeable interlocking pavers, grass pavers, 

pervious concrete and porous asphalt. 
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Water Treatment All Along the Line 

Stormwater management has been an end-of-pipe system where centralized infrastructures are located at the end of a sewer 

line to provide flood control and pollution management. The most popular end-of-pipe approach has been stormwater 

management ponds that provide temporary storage for stormwater and improve water quality through sedimentation. When 

these systems fail or are overloaded, residents experience flooding, and polluted stormwater is released downstream. 

Conveyance and end-of-pipe infrastructure are also being reimagined to create a complete treatment train; urban stormwater 

is managed and treated at all points along its path through the urban environment, rather than only at the end of the line. 

Sewer pipes can be designed to be leaky to support groundwater recharge. Infiltration chambers use buried pipes or cells to 

hold back stormwater and slowly release it into the ground to support infiltration. Constructed wetlands clean stormwater and 

remove nutrients like nitrogen. 

Conclusion 

Decentralizing stormwater infrastructure creates the opportunity to build resilience and redundancy into urban planning and 

design, helping communities better prepare for extreme weather events, such as droughts or deluges. Integrating stormwater 

management throughout the neighborhood – through the use of green roofs, rainwater harvesting, infiltration systems and so 

on in combination with traditional conveyance and end-of-pipe infrastructure could allow communities to simultaneously 

manage stormwater for both every day and extreme events. 
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Introduction 

Honey bees are one of the most important pollinators in the world. It is said that one in every three bites of food consumed 

today, is result of bee pollination. Honey bees are backbone of healthy agricultural ecosystem contributes billion to our 

economy. The economic role of honey bees in worldwide pollination has been statistically valued around 153 billion Euros in 

the year 2005(1). An increase of wave form communication leads to good information exchange of mankind. However, in 

biological view, it is causing a lot of side effects and lifestyle changes in 

other living organisms. These drastic changes are causing the natural 

imbalance in the ecosystem and become a global issue. A new 

phenomenon of sudden disappearance of bees with little sign of disease 

or infestation has been reported from all over the world where the bees 

simply leave the hive and fail to return. This potential phenomenon of 

extinct bee populations worldwide is known as the colony collapse 

disorder (CCD). Parasitic mites, agricultural pesticides, effects of climate 

changes and even genetic modified organisms have all been implicated 

in what has been dubbed CCD. But recently, researchers believe that cell 

phones could also be to blame for some of the losses to CCD. Recent 

studies reveal that mobile phones handset, WiFi routers and cell phones 

are causing side effects to honey bees due to radiation emission. In the 

US, disappearance of bees has associated with the rising network of 

electromagnetic pollution where bees simply leave the hive and fail to 

return. Studies have brought out evidence to support the theory of CCD among honey bees due to electromagnetic radiation 

from cell phones and their relay towers. Since radiofrequency radiation occurs everywhere. An increase in the usage of 

electronic devices had led to electropollution of the environment. The massive amount of radiation produced by towers and 

mobile phones are actually affecting honey bee behavior and biology. Apiculture is a well-developed industry in India. 

Recently, a sharp decline has been noticed in commercial bee population in Kerala poising a serious threat to beekeepers and 

hitting apiculture. Similar cases have also been observed in Bihar, Punjab, and other parts of India and have been attributed to 

increasing electromagnetic pollution in the environment(4) which is why the majority of research on the impact of mobile 

radiation on honey bees is provided by the country. 

Scientific Evidences of Radiation Impacts on Honey Bees Include 

1. Effect on returning ability of honey bees to hive: When scientist selected six colonies of honey bees and half of them served 

as the control group. The test colonies were provided with working mobile phones (a frequency of 900 MHz for 10 minutes 

each day, for ten days) and the others without mobile phones. The flight activity and returning ability of honey bees were 

measured before exposure, during exposure and after exposure. They found that after ten days, the worker bees never returned 

to the hives with the working mobile phones whereas behavior of the controlled bees remained unchanged. Hence, they 

conclude that the mobile phone radiation was actually frying the navigational skills of the honey bees and preventing them 

from returning back to their hives. 

Figure 4: Diagram representing the radiation 
cause on honey bees 
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2. Honey bees stopped producing honey and egg production by the queen: In a different study at Panjab University in 

northern India, researchers kept mobile phones into a hive but powered them up only for two fifteen-minute periods each day, 

and it lasted three months. They observed that eventually the honey bees stopped producing honey, egg production by the 

queen bee halved and the size of the hive reduced dramatically.  

3. Influence waggle dance: Researchers found that the “waggle” dance that bees perform to communicate with others could 

also be influenced by the radiation, and therefore these could prevent them from returning back to their hives (4). 

4. Confuses and repels effect: Research conducted in Lausanne, Switzerland has shown that the signal from cell phones not 

only confuses bees, but also may lead to their death. The alarming study found that bees reacted significantly to cell phones 

that were placed near or in hives in call-making mode. The bees sensed the signals transmitted when the phones rang, and 

emitted heavy buzzing noise during the calls. The calls act as an instinctive warning to leave the hive, but the frequency 

confuses the bees, causing them to fly erratically. The study also found that the bees’ buzzing noise increases ten times when a 

cell phone is ringing or making a call; when signals are being transmitted, but remained normal when not in use. These signals 

cause the bees to become lost and disoriented.  Moreover, studies as far back as in 2008 have also found that bees could repelled 

by cell phone signals.  

5. Effect on foraging behavior: The effect of electromagnetic radiation (EMR) of cell phone tower on foraging behavior of 

honey bee, Apis cerana was studied at Assam Agricultural University, Jorhat from December to May during 2012-13 and 2013-

14 at an interval of 15 days. The results revealed that the A. cerana colonies in close proximity to cell phones towers were most 

affected by the electromagnetic radiation emitted by the cell phone tower. The flight activity and returning ability of worker 

honey bees were maximum in colonies placed at 500 m and minimum at 100 m from the tower (4). 

6. Colony collapse disorder (CCD): Several studies confirmed the radiation effects are possible for CCD due to mobile handsets 

high radiation emission. The waggling dance, foraging, and navigation behavior of honey bees are destructed due to radiation 

emission of mobile phones. due to. In a significant study of honey bees during radiation exposure revealed that the life cycle 

of the honey bee is affected by electromagnetic radiation exposure. In a study the performance of honey bees in cellphone 

radiation exposed and unexposed colonies was compared. It was found that a significant decline in colony strength and in the 

egg laying rate of the queen as well as no honey or pollen collection was observed in the colony (12). 

Reasons of Honey Bee Decline Due to Radiation 

Andrew Goldsworthy, a biologist from the UK’s Imperial College, said it may be caused by a pigment called cryptochrome 

which is used by bees for navigation. When it is interfered with by the influence of radiation, the bees could not find their way 

to the hive. Animals, including insects, use cryptochrome for navigation they use it to sense the direction of the earth's magnetic 

field and their ability to do this is compromised by radiation from cell phones and their base stations. Therefore, bees do not 

find their way back to the hive. German researcher Warnke, bio-scientist at the University of Saarland, also among those who 

coined the current popular term “electro smog” and has been dealing with the effects of electrical and electromagnetic fields  

on organisms for over three decades. According to Warnke, technical magnetic fields disturb the Redox system in bees, which 

is enormously important for all life forms (6). If the Redox system balance and related free radical balance are disrupted, then 

the bees are no longer able to orient themselves by smell, and their vital learning processes no longer function. In other words, 

they fly in the wrong direction and cannot find their way home. This is one of the first scientifically proven indications that 

electro smog is indeed responsible for the mysterious disappearance of entire bee populations. The radiation produced by 

towers might affect the navigational skills of the honey bees and preventing them from returning back to their hives. In a series 

of experiments subjected to foraging bees to magnetic fields and appeared to disrupt their ability to navigate so they become 

less able to find their way home. 

Conclusion 

Honey bees are an integral and necessary part of agricultural and ecological systems, producing honey, and more importantly 

pollinating crops.  Bees are estimated to pollinate 90 commercial crops worldwide. Their economic value in the UK is estimated 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            168 | P a g e  
 

to be $ 290 million per year and around $12 billion in the U.S. Recently, bee populations dropped 17 percent in the UK last year, 

according to the British Bee Association, and nearly 30 percent in the United States (U.S. Department of Agriculture). As it is 

unlikely that the world will learn to forgo the convenience of cell phones, it is unclear how much they will contribute to the 

decline of bees, and their impact on the environment since radiofrequency radiation occurs everywhere. It's not just the honey 

that will be lost if populations plummet further. In another word Albert Einstein once said that “if the bee disappeared off the 

surface of the globe, man would have only four years to live” and hence, life without them would be practically impossible. It 

should be a concern worldwide. 

Future Perspectives 

The radiation shielded honey boxes may use to protect the hives from high radiation exposure. The other preventive 

mechanisms are also being considered like planting trees and gardens. The smaller number of trees and plants insists bees to 

collect honey from long distances; hence, it is affected by environmental factors and failed to return their hives. If trees are 

available in frequent distances, then it can be avoided. The urban areas can be gardened in public areas like park etc. (9). The 

EMF emission of cell towers must be considered as a serious problem and lot of research is needed in this area. Multiple cell 

towers installed in the same location is also considered whereas each tower may emit radiation in permissible limits but overall 

radiation should be measured and CCD issue to be explored. Towers with high-density population produce high radiation in 

both cell towers and mobile phones and therefore, the distinct tower location areas, especially in forest areas must be explored 
(9). For that, the real-time radiation levels have experimented but the different technical perspectives such as radiation emission 

levels, handset radiation emission measures and multi-sources of radiation are needed to be considered during research. It’s 

possible to modify the signal coming from the cell phones and the base station in such a way that it doesn't produce the 

frequencies that disturb the cryptochrome molecules.” 
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Soil health is an imperative piece of plant health. Only 40 to 60% of fertilizer goes to plant while the remaining leaches to 

waterways, volatilizes to air or gets tied up in the soil. Good function soils with organic matter and microbes work together to 

hold nutrients onto soil and release the locked nutrients. 

Introduction 

Microbes are the key components of soil nutrient cycling. Status of soil health and richness of soil nutrient pool depend on 

structure and functions of soil microbial community. Microbes play an important role in nutrient mobilisation and uptake. 

They promote plant growth and suppress disease by their various activities. 

Beneficial soil microbes form symbiotic relationships with the plant. In fact, the plant will exert as much as 30% of its energy 

to the root zone to make food for microbes. In return those microbes not only protect the plant from stress, but also feed the 

plant by converting and holding nutrients in the soil. 

Beneficial Soil Microbes 

There are five different types of soil microbes: bacteria, actinomycetes, fungi, protozoa and nematodes. Each of these microbe 

types has a different job to boost soil and plant health. 

1. Mycorrhizae: The positive role of mycorrhizae in plant production is well documented, with many cases of growth and yield 

enhancement, particularly in highly dependent, susceptible plants. Other benefits of the mycorrhizal association are an 

enhanced protection against pathogens, improved tolerance to pollutants and greater resistence to water stress, high soil 

temperature, adverse soil pH and transplant ‘shock.’ It appears that the most practical current uses of mycorrhizae involve 

land restoration and reclamation efforts, and arbuscular and ecto-mycorrhizal inoculation of tree and crop seedlings in 

nurseries. Nonetheless, enhancement of naturally-occuring mycorrhizal populations in agricultural fields (and their potential 

benefits to the growing crops) is feasible and important benefits can arrise through the adoption of various management 

practices that enhace mycorrhizal populations and activity such as reduced tillage, crop rotations and lower N and P 

applications. 

2. Rhizobia: The rhizobia infect plant roots, creating nodules where N2 is fixed, providing the plant with most of the N it needs 

for its development. Well noduled plants with an efficient symbiosis may fix up to several hundred ha-1 of N year-1. Some of 

this N is added to the soil during plant growth by ‘leaky’ roots, though most remains in plant tissues and is released during 

decomposition, to the benefit of the following crops or the intercrop. Previous colonization of the legume roots by mycorrhizae 

may greatly enhance nodulation by rhizobia, ultimately increasing the potential growth benefits. 

3. Other N2 fixing symbiotic biota: Additional symbiotic N2 fixing relationships of plants with microbes include actinomycete 

(Frankia) relationships with mostly trees and shrubs (and also some crops such as sorghum), and symbiosis between endophytic 

diazotrophic bacteria (e.g., Azotobacter, Azospirillum, Acetobacter, Azoarcus, Burkholderia, Herbaspirillum) and grasses. The Frankia 

symbiosis is generally exploited in land reclamation and restoration efforts using principally Casuarinales trees to hold soil (e.g., 

sand dunes) in place but its potential is still underutilized and further efforts on its development and applications are needed. 

On the other hand, research on and use of endophytic bacteria have been well developed in tropical regions, particularly Brazil 

and Mexico. These bacteria not only fix N2 but also modify the shape and increase the number of root hairs, helping the plants 
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to acquire more nutrients. The application of these organisms in inoculants continues to be performed on a wide-scale (mostly 

in maize, some in rice, wheat, sugar-cane and rice), and yield increases ranging from negligible up to almost 100% have 

resulted, depending on the crop and bacteria used. 

4. Other Plant Growth Promoting Bacteria: Various other beneficial rhizosphere organisms entitled plant growth promoting 

bacteria (PGPB) have been used, mostly as seed inoculants. PGPB affect plant growth through direct growth promotion 

(hormonal effects), induced systemic resistence, mineralization, substrate competition, niche exclusion, detoxification of 

surrounding soil and production of antibiotics, chitinases, cyanide and siderophores. Several bacterial species and genera have 

been used as plant growth promoters, including pseudomonads (e.g., Pseudomonas fluorescens, P. putida, P. gladioli), bacili (e.g., 

Bacilus subtilis, B. cereus, B. circulans) and others (e.g., Serratia marcescens, Flavobacterium spp., Alcaligenes spp., and Agrobacterium 

radiobacter). 

5. Biocontrol fungi:  Fungal agents have been used extensively for biocontrol of both plant fungal diseases and insect pests. 

Various non-pathogenic (saprophytic) strains of Rhizoctonia, Fusarium, Trichoderma spp. have been used to reduce damage (root 

rots, wilts, damping off and bare patches) caused by their pathogenic ‘cousins’ and other pathogenic fungi (e.g., Pythium, 

Sclerotium, Verticillium). The fungi Metarrhizium anisopliae, has been successfully used to kill larvae of the grass grubs (scarab 

beetle) in pastures, and several genera of nematode-trapping or nematophagous fungi (e.g., Arthrobotrys, Nematophthora, 

Dactylella, Verticillium) have shown potential for plant parasitic nematode control, although the level of control is much lower 

than that which is obtained by use of nematicides. 

6. Biocontrol nematodes: Entomopathogenic nematodes of the Deladenus, Neoaplectana, Tetradonema, Steinernema and 

Heterorhabditis genera have been successfully used to control a wide range of insect pests causing damage in horticultural, food 

cropping, natural and plantation forests: white grubs (scarab beetle larvae), weevils (curculionid beetles), termites, ants, mole 

crickets, armyworms, fruit flies, sciarid flies, potato, cucumber and flea beetles, locusts, turnip moths, woodwasps and 

rootworms. The success of these nematodes lies in the fact that most (up to >90%) of the insect pests spend at least a part of 

their life cycle in contact with the soil, where they will also meet the biocontrol nematodes, that are not only naturally present, 

but also have a broad host range and the ability to seek out their host and kill it rapidly. Futhermore, they can be easily mass 

produced and are environmentally safe.  

7. Suppressive soils: Soils or areas in the field and agroecosystem that show greater relative resistance to disease expression in 

plants (despite the presence of the pathogen, susceptible host plant and favorable climatic conditions) have been termed 

suppressive soils. Every soil has a potential for disease suppression and furthermore, agricultural management practices can 

be enhanced to promote naturally-occurring disease suppressing activities. Most suppressive soils appear to have neutral to 

alkaline pH values (pH>7), and liming of acid, disease prone soils may effectively reduce severity of some fungal pathogens 

such as wilts. The other strategy for increasing soil suppressiveness involves the process of isolating and selecting efficient 

antagonistic microorganisms for field inoculation. 

Conclusion 

Presence of microbial community is an indication for living soil. Soil health decides the productivity of soil over long run to 

sustain plant growth. Injudicious application of chemical fertilizers deserts the presence of microbes in soil making it less 

responsive even under higher application. Moreover, the applied quantity gets lost through leaching or volatilization or both 

and also gets trapped in the soil which otherwise would have been released by microbes. Not just this, presence of microbes 

symbiotically fixes atmospheric nitrogen thus reducing the fertilizer requirement. 
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In recent years, unprecedented upsurge in pests and pathogens in forests coupled with the challenge of climate change, it 

creates a situation where forest plantation stock vulnerable to attack which severely limits forest productivity. Genotypes 

resistant to such biotic challenges are required in plantation forestry to minimize losses. Conventional breeding has been a 

main avenue to obtain resistant genotypes till recently, but now genetic engineering has come up to develop resistance against 

pests and pathogens in forest trees. Durable resistance which persists over long period of time and across varied environments 

is desirable in long-lived forest trees. 

Induced resistance (IR) concept has been actively studied in herbaceous plant species, and, in recent years, it is rapidly 

emerging as fascinating, eco-friendly concept for enhancing tree resistance. Chemical elicitors like methyl jasmonate play 

regulatory role in defence it operates as a systemic signal for defence activation. It has shown to induce the formation of 

traumatic resin ducts in conifers (Keeling & Bohlmann, 2006). Mutualistic fungi, such as mycorrhizal fungi have been shown 

to be involved in ISR and, similarly, endophytic fungal associates have been shown to confer enhanced host resistance 

(Rodriguez & Redman, 2008) and these can be used for priming. Ganley et al. (2008) revealed that fungal endophytes from Pinus 

monticola were effective in increasing survival in host plants infected by Cronartium ribicola. Seedlings earlier inoculated with 

these fungal endophytes lived longer than endophyte free seedlings and also these prior inoculated seedlings showed some 

reduction in disease severity. This endophyte-mediated resistance was found to be persistence over time (Ganley et al., 2008). 

Since IR does not involve the manipulation of genes, therefore there is no societal issues associated with it as in case of GMOs. 

It functions as a multilayered, highly integrated defence system, so IR can be durable and effective against a wide spectrum of 

pests and pathogens (Vallad and Goodman, 2004). 

A transgenic approach is one of the most important way for improving pathogen resistance in trees. The general approaches 

which include the expression of a various types of antimicrobial proteins or organic molecules. While adopting this approach 

one has to consider the long lifespan of a tree and important associations of trees with symbiotic microorganisms such as 

mycorrhizae. One of the common tactics to develop fungal resistance in transgenic crop plants is to use fungal cell wall 

degrading enzymes i.e chitinases encoding genes. This approach has also been tried in woody plant species like apple. Two of 

three transgenic lines of ‘Royal Gala’ which are constitutively expressing an endochitinase from Trichoderma harzianum shown 

improved resistance to Venturia inaequalis (Wong et al., 1998). 

Cecropins, magainins and T4 lysozymes are natural peptides which exhibit fungicidal, bacteriocidal and virucidal activities. 

Cecropins are short (20-40 amino acids) amphipathic and antimicrobial peptides which act by producing channels of various 

sizes that affect the integrity of lipid bilayers in plasma membranes. Many of these antimicrobial peptides are relatively non-

toxic to multicellular organisms. Synthetic peptides that were tried and were found to have inhibitory effect on the growth of 

the Cryphonectria parasitica, (chestnut blight fungus) as well as other fungi and bacteria and at the same time have a negligible 

effect on humane red blood cells and pollen (Powell and Maynard, 1997). Cystein-rich peptides like defensins, thionins, lipid 

transfer proteins (LTP), knottins and heveins are well known for their ability to inhibit the growth of fungi and bacteria under 

in vitro conditions. The apple cultivar ‘Jonagold’ was transformed with two types of cystein-rich antimicrobial peptide 

encoding transgenes, both under the control of the CaMV 35S promoter (Bondt et al., 1998). 

The attE gene, encoding an attacin, another kind of antimicrobial protein that has been successfully introduced into the genome 

of apple and pear for improving fire blight resistance (Reynoird et al., 1999).  
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Oxalate Oxidase is a useful enzyme as it can convert oxalate into H2O2 and CO2. It removes the oxalic acid produced by the 

fungus.  Presence of this oxalic acid inhibits lignin formation in the callus of American chestnut trees and another most 

important thing is that the byproduct H2O2 produced in this process could contribute to peroxidase-catalyzed reactions during 

lignification of cell walls (Thordal-Christensen et al., 1997). Even H2O2 byproduct might also have a direct antimicrobial effect 

or possibly signal other defense mechanisms. Significant resistance to Septoria musiva in leaf disk assays was observed in ‘Ogy’ 

clone of hybrid poplar that was transformed with a transgene encoding a wheat oxalate oxidase under control of the CaMV 

35S promoter (Liang et al., 2001).  

Exogenous application of harpin a protein produced by Erwinia amylovora results in enhanced systemic acquired resistance 

(SAR) in most plants tested, including apple. Prohexadione-calcium a plant growth regulator when applied on plants does not 

exhibit antibacterial activity against E. amylovora but increases host resistance by alteration of phenylpropanoid biosynthesis 

pathways that may also enhance resistance. Classical cross protection has been another approach used to control viral diseases 

of a few crops. Selection of mild Potato ring spot virus strains gave good protection in papaya against the severe strain in 

Hawaiian Islands. By 1991, more than 1700 ha of cross protected orchards had been planted but the major challenge is 

maintaining the purity of the mild PRSV strain and producing it under controlled conditions. 

Genome editing refers to the direct manipulation of sequences in the genome in such a way as to alter gene expression and 

traits related to patterns of gene expression. Through site specific genome editing technology like CRISPR-Cas9 system, we can 

target a specific gene sequences/ multiple genomic sites for deletion, insertion or replacement. When the LOB1 promoter was 

targeted by CRISPR/Cas9 to disrupt the effector-binding element, canker symptoms after Xanthomonas campestris pv campestris 

infection were reduced in Duncan grapefruit (Jia et al., 2016) and Wanjincheng orange (Peng et al., 2017). 

With the unprecedented upsurge in forest pests and pathogens, the two avenues viz., Breeding and genetic engineering could 

be combined to accelerate achieving the goal of resistance in forestry. Genomic tools are certainly enhancing our rate of gene 

discovery in forest trees but the vast amounts of data must be more centralized and accessible to identify candidate genes for 

testing. As is the trend in model systems, tree immunity should also be increasingly viewed from a holistic, systems-based 

perspective that will incorporate the complexity of the biotic interactions outside, within as well as below the tree. This includes 

the potential for direct manipulation of host-associated microbes for tree resistance, as well as the recognition of the impacts of 

genetic engineering on the microbiome with potentially important consequences for tree resistance. 
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Summary 

Conservation Agriculture is gaining popularity all over the world as an alternative to both conventional agriculture and to 

organic agriculture. Conservation Agriculture (CA) is an application of recent agricultural technologies to enhance 

production while simultaneously protecting and enhancing the natural resources on which production depends. It reduces 

greenhouse gas emission and improved environmental sustainability. Application of CA encourages the concept of 

optimizing yields and profits while making sure the provision of local and global environmental benefits and services. 

Introduction 

Nowadays, people have come to know that agriculture shouldn’t only be high yielding, but also sustainable. Farmers 

concerned about the environmental sustainability and rising production costs have begun to adopt and adapt improved 

management practices that lead to the ultimate vision of sustainable agriculture. Conservation agriculture has come up with 

a new way of achieving goals of sustainable agricultural production. It is an important step towards transition to sustainable 

agriculture. The term CA defined as the system of raising crops without tilling the soil while retaining crop residues on the 

soil surface. It is a resource-saving technology that aims to achieve production intensification and high yields while 

conserving the natural resources through compliance with three interrelated principles, along with other production 

practices of plant nutrition and pest management (Abrol and Sangar, 2006). 

Conventional agriculture system is based on tillage and being highly mechanized, has been accused of being liable for soil 

erosion problems, water pollution, and more water consumption. Hence, conservation agriculture (CA) is a way to cultivate 

annual and perennial crops, based on no vertical disturbance of soil (zero and conservation tillage), with crop residue 

management and cover crops, so as to supply permanent soil cover and to increase organic matter content in surface 

horizons. Conservation Agriculture practices are less labour intensive and thus helps in reducing greenhouse gas emissions 

through lower energy inputs and enhanced nutrient use efficiency. At the same time, it stabilizes and protects soil from 

breaking down and releasing carbon to the atmosphere. Hence, CA provides excellent soil fertility and also saves money, 

time and fossil-fuel. 

Conservation Agriculture Definition and Goals 

The term conservation agriculture has recently been introduced by the FAO (Food and Agriculture Organization website) 

and others and its goals defined by FAO as follows: 

“Conservation agriculture (CA) aims to conserve and improve natural resources through integrated management of available 

soil, water and biological resources combined with external inputs. It enhanced and sustained the agricultural production as 

well as conserves the environment. It can also be mentioned as resource efficient or resource effective agriculture.” 

Conservation agriculture doesn’t only mean not tilling the soil and then doing everything else the same. It is a holistic system 

with interactions among households, crops, and livestock since residues have many uses within households; resulting in a 

sustainable agriculture system that meets the requirements of farmers (Sayre and Hobbs 2004). 
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How Conservation Agriculture Differs from Conventional Agriculture System 

Conservation agriculture systems require a total paradigm shift from conventional agriculture with regard to management of 

crops, soil, water, nutrients, weeds, and farm machinery (Table 1). 

Table 1: Some Distinguishing Features of Conventional and Conservation Agriculture Systems 

Conventional agriculture Conservation agriculture 

Cultivating land, using science and technology to dominate 

nature 

Least interference with natural processes 

Excessive mechanical tillage and soil erosion No-till or drastically reduced tillage (biological tillage) 

High wind and soil erosion Low wind and soil erosion 

Residue burning or removal (bare surface) Surface retention of residues (permanently covered) 

Water infiltration is low Infiltration rate of water is high 

Use of ex-situ FYM/composts Use of in-situ organics/composts 

Green manuring (incorporated) Brown manuring/cover crops (surface retention) 

Kills established weeds but also stimulates more weed seeds 

to germinate 

Weeds are a problem in the early stages of adoption but 

decrease with time 

Free-wheeling of farm machinery, increased soil compaction Controlled traffic, compaction in tramline, no compaction in 

crop area 

Mono cropping/culture, less efficient rotations Diversified and more efficient rotations 

Heavy reliance on manual labor, uncertainty of operations   Mechanized operations, ensure timeliness of operations 

Poor adaptation to stresses, yield losses greater under stress 

conditions 

More resilience to stresses, yield losses are less under stress 

conditions 

Productivity gains in long-run are in declining order Productivity gains in long-run are in incremental order 

Source: Sharma et al., 2012 

Principles of Conservation Agriculture 

Conservation agriculture basically depends on 3 principles, which are associated with each other and these are: 

1. Minimum mechanical soil disturbance: To reduce soil disturbance, farmers 

practice zero-tillage farming, which allows direct planting without ploughing 

or preparing the soil. This reduces soil erosion and preserves soil organic 

matter.Fibre and cardio vascular disease 

2. Permanent soil organic cover: A permanent soil cover is important to protect 

the soil against the deleterious effects of exposure to rain and sun; to provide 

the micro and macro organisms in the soil; suppresses weeds; and helps to 

preserve soil moisture. 

3. Diversified crop rotations: Rotate the crop to prevent built up the pest, 

diseases and weed population. 

Potential Benefits of Conservation Agriculture 

The benefits of conservation agriculture include the following: 

1. One of the major benefits of CA, which makes it popular with farmers, is it costs less in terms of money but also time. Since 

no-till significantly reduced the costs of production; mostly due to using less diesel fuel, less labour, and less pumping of water.  

2. CA improves soil organic carbon content and contributes in reducing global warming. Conservation agriculture is now 

receiving global attention for its carbon sequestration potential. It has been estimated that the total potential for soil carbon 

sequestration by agriculture could reduce about 40 per cent of the estimated annual increase in CO2 emissions (FAO, 2009). 

Basic principles of conservation agriculture 
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3. Improves water infiltration and thereby reduces run-off of surface and ground water and enhance ground water recharge. 

4. Enhance the soil quality, i.e. soil physical, chemical and biological conditions. 

5. Reduces the incidence of weeds, such as Phalaris minor in wheat. 

6. Enhance the water and nutrient use efficiency. 

7. Enhance the production and productivity of crop (4% – 10%). 

8. Reduction in poverty and enhance food and nutritional security due to higher, more stable yields and lower food prices. 

9. Avoiding crop residue burning reduces loss of nutrients, and environmental pollution, which reduces a serious health 

hazard. 

10. Provides opportunities for crop diversification and intensification-for example in sugarcane-based systems, mustard, 

chickpea, pigeonpea etc. 

11. Improves the resource use efficiency through residue decomposition, soil structural improvement, increased recycling and 

availability of plant nutrients. 

Constraints for Adoption of Conservation Agriculture 

There are a number of problems encountered in adoption of conservation agriculture. The most important is the mind-set of 

farming community who were educated extensively and convinced about the intensive agriculture and use of external inputs. 

Some constraints are as follow: 

1. Lack of appropriate seeders especially for small and medium scale farmers: Although significant efforts have been made in 

developing and promoting machinery for seeding wheat in no till systems, successful adoption will involve accelerated effort 

in developing, standardizing and promoting quality machinery aimed towards a variety of crop and cropping sequences. 

2. The widespread use of crop residues for livestock feed and fuel: Especially under rainfed situations, farmers face a scarcity 

of crop residues due to less biomass production of different crops. There is competition between CA practice and livestock 

feeding for crop residue. This is a serious problem for promotion of CA under rainfed situations.  

3. Burning of crop residues: For timely sowing of the next crop and without machinery for sowing under CA systems, farmers 

prefer to sow the crop in time by burning the residue. This has become a common feature in the rice-wheat system in north 

India. This creates environmental problems for the region.  

4. Lack of knowledge about the potential of CA to agriculture leaders, extension agents and farmers: This implies that the whole 

range of practices in conservation agriculture, including planting and harvesting, water and nutrient management, diseases 

and pest control etc. need to be evolved, evaluated and matched within the context of latest systems. 

5. Skilled and scientific manpower: Managing conservation agriculture systems, will call for enhanced capacity of scientists to 

address problems from a systems perspective and to be able to work in close partnerships with farmers and other stakeholders. 

Strengthened knowledge and information sharing mechanisms are needed. 

Conclusion 

Conservation agriculture considered as a new ideal approach for agricultural research and development different from the 

conventional one, which mainly aimed towards achieving specific food grains production targets in India. A shift to CA has 

become a necessity in view of widespread problems of resource degradation, which accompanied the past strategies to enhance 

production with little concern for resource integrity. Conservation agriculture offers a chance for arresting and reversing the 

downward spiral of resource degradation, decreasing cultivation costs and making agriculture more resource use-efficient, 

competitive and sustainable. Because with huge benefits there are also many constraints in adoption of CA, so it is necessary 

to break the mind set of peoples regarding tillage. A complete shift from intensive tillage to zero or minimal tillage requires 

extensive educational programme by demonstrating the advantages of conservation agriculture. 
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Introduction 

Termites are a group of Eusocial insects classified at the taxonomic rank of order Isoptera.  Termites are social insects related 

to cockroaches and are scientifically classified under the order Isoptera (presently under Blattodea). They have a highly evolved 

social organization and hierarchical structure. They are living in colonies of various sizes containing a number of different 

castes which include workers, soldiers, nymphs and larvae. The colony may have from a few hundred individuals to millions 

and each caste is vital to the viability of the colony and also has a different function. 

Termites undergo gradual metamorphosis: egg-nymph-adult. The young nymphs are fed and cared for by the workers. During 

molting the young nymphs gradually emerge into different castes. Although almost all termite species feed on dead plant 

material at different stages of decomposition, their food sources are diverse and also included soil organic matter, litter, dry 

grass or bark. This great variation of feeding substrate is linked to the diversity of their gut-associated microbes. All existing 

termite species have mutualistic relationships with flagellate celluloytic protozoa living in their guts except for the Termitidae 

family in which the flagellates have been lost and replaced by fungi in the Macrotermitinae sub-family or prokaryotes in other 

Termitidae. About 330 of the 2,600 known termite species are obligately dependent on the cultivation of a specialized fungus, 

from the genus Termitomyces, for food. Termitomyces is grown on termite feces in subterranean combs that the termites 

construct within the heart of nest mounds. Termites are mainly tropical in distribution, with highest species richness found in 

tropical forests where they are major decomposers. 

Of the more than 2600 described species of termites only a few hundred are destructive feeders and consume homes and 

agricultural crops. Among them around 50 species are considered to be serious pests. Counterbalancing this is their significant 

role in the delivery of ecosystem services through improvement of soil physical, chemical and biological processes. 

This impact of termites is due to their ability to build organo-mineral structures with specific physicochemical properties (the 

so-called biogenic structures) such as nests, mounds or tunnels. During the 2000s, termites have been extensively studied and 

data covering most fundamental aspects of termite science are available. Also, latest advances in the field are well-synthesized 

in many recent books such as “biology of termites: a modern synthesis”. Therefore, in responding to the invitation to address 

this topic, this author’s contribution does not address in detail scientific aspects that were already sufficiently covered by other 

scientists, but rather it gives more personal view on the topic with, as much as possible, an emphasis on the African continent. 

The author then deliberately presents some general termite characteristics including their biology, sociobiology and pest status, 

and also highlights their still poorly-known ecological functions as well as their important beneficial ecosystem services. 

Classification and Diversity of Termites 

The scientific classification of termites is as follow: 

Kingdom: Animalia, Phylum; Arthopoda, Order: Blattodea & Infraorder: Isoptera 

Termites are classified into 280 genera and over 2600 species within seven families and 14 subfamilies. The isopteran are 

phylogenetically separated into lower termites (Mastotermitidae, Kalotermitidae, Hodotermitidae, Termopsidae, 

Rhinotermitidae and Serritermitidae) and the higher termites (Termitidae). 

This latter family (Termitidae) is the largest and represents over 85% of all termite genera and 70% of all termite species. The 

Termitidae of which members lack symbiotic cellulolytic protists in their gut is the most evolved group with a specialized 

microbial flora, an extensive social system and diverse feeding habits. 
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Of the five subfamilies within the Termitidae, the subfamily Macrotermitinae consists of 14 genera with about 330 species. This 

sub-family has developed a mutualistic relationship with a basidiomycete fungus belonging to Termitomyces genus. The 

Macrotermitinae termites are distributed across the Palaeotropics with the highest diversity of genera in Africa. Many people 

confuse termites with ants; hence termites are often called "white ants". A closer look at both groups of insects, apart from a 

difference in color, reveals two easily observed distinguishing features: termites have straight antennae and a broad waist, 

while ants have elbowed antennae and a narrow waist. 

Termites can be separated taxonomically using different features including external, food and nest type, chemical and 

behavioral differences. For example, they are divided into wood litter or soil feeding as well as into dry wood, damp wood and 

subterranean termites based on their nest location. More than 1,000 of the > 2,600 recognized species of termites are found on 

the African continent. Mound-building species of termites occur throughout most of the African landscape. Termite diversity 

in North Africa is low, with about 11 species, comprised of subterranean and drywood termites. The important genera are 

Anacanthotermes (Family Hodotermitidae), Psamotermes and Reticulitermes (Family Rhinotermitidae), Amitermes, and 

Microcerotermes (Family Termitidae), and several species of Kalotermitidae. 

Termites have been transported over much of North Africa over the millennia due to commerce and nomadic migrations. The 

dry conditions throughout most of North Africa preclude dampwood termites. However, mound building termites do occur 

in East Africa, which has a rich termite fauna with a notable abundance of species in the Macrotermitinae. The important genera 

in the forests include Schedorhinotermes and Cubitermes. In the savanna areas, Macrotermitinae, Termitinae, Amitermitinae and 

Nasutitermitinae are important taxa. Their biomass exceeds that of mammals in the same landscape. Termite diversity in West 

Africa is similar to that in East Africa: mound building species dominate the landscape, although other subterranean and 

drywood termite species also occur. Important genera include Ancistrotermes, Macrotermes, Odontotermes (Family 

Termitidae, Subfamily Macrotermitinae), and Microtermes and Cubitermes (Termitidae: Termitinae). 

Caste System in Termites 

Following are the difference castes that are usually seen in a termite colony. 

1. Reproductives or Primary reproductives: (King& Queen): These are the highly developed individuals sexually. They have 

fully developed wings and compound eyes and are usually heavily pigmented. The males are often small. Queens sometimes 

live for several years. The kings and queens are usually produced in large numbers at certain seasons. They leave the colony 

in a swarm, mate and individual pairs establish new colonies; wings are shed after mating leaving remanents called stubs. The 

queen termite attains enormous size after mating and the obesity is known as physogastry. 

2. Supplementary reproductives: They have short wings and less heavily pigmented, usually have smaller eyes. They 

sometimes carry on extensive reproduction in the colony and supplement the queen in building the colony. 

3. Workers: These are sterile wingless adults. They are pale in colour, lack compound eyes. Mandibles relatively small. They 

collect food and feed queens, soldiers and newly hatched young ones. They build up nests, passage ways, tunnels and galleries. 

They form the bulk of the colony. 

4. Soldiers: These are also sterile wingless adults with greatly enlarged head and mandibles. Slightly larger than workers, may 

or may not have compound eyes. They protect the colony. Two types of soldiers may be seen. 

a. Mandibulate type: They have powerful mandibles act as defensive purpose. 

b. Nasute type (Nasuti): In nasute type, the individuals have the head prolonged anteriorly into a narrow snout 

through which a sticky secretion is exuded. Mandibles are reduced in these.  

The food of termites is the cast skins and feaceses of other individuals, dead individuals and plant materials 

such as wood and wood products. Termites frequently groom each other with their mouth parts as a result of 

the attraction of some secretions available on the body (Trophallaxis – Mutual exchange of food i.e secretions 

on the body). 

i. True workers are absent in Kalotermitidae and Macrotermitidae. (worker activities taken by 

Pseudergates or Pseudoworkers). 

ii. Soldiers are absent in Anoplotermes and Apelitermes. 
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iii. Two types of Trophallaxis: 

iv. Oral trophalaxis and Anal trophalaxis 
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Summary 

Orange is a popular fruit found in fruit basket of every household. The tangy and sweet taste and the wide range of nutritional 

benefits also allures its utilization for various value-added products in industrial scale. This wide scale consumption of orange 

brings high generation of orange wastes like peels seeds pulp etc. Orange peel forms a major part of this wastes. Studies and 

evidences show that these copious wastes of orange peel instead of being dumped into garbage and eventually to landfills can 

be utilized for various purpose from soil fertility and plant growth aspect. The following article throws some light into such 

aspects. 

Introduction 

As a juicy and sweet fruit and along with its distinct flavor and aroma, orange or citrus proves itself as a healthy snack or 

addition to a meal. Its health benefits like boosting of immune system, enrichment of vitamin C, improvement of heart rate, 

contribution for better skin etc. adds to its popularity. Nowadays orange has become an integral part of healthy diet and is 

being consumed worldwide not just in raw form but also in various processed and value-added foods. Not just the fruit but 

also its peels are being widely used for grooming of skin and hairs  Though the benefits of consumption of orange and orange 

peels  by human beings is well known and documented since ages what remains unknown and underrated is the usage and 

benefits of orange peels for soil fertility and growth of plants.  Orange peels when dried and incorporated into soil can be a 

great aid to soil fertility and growth of plants. Here are the instances of utilization of orange peels from the aspect of agriculture. 

Use of Orange or Citrus Peel as Part of Compost 

The common kitchen waste or wastes from various processing industries consisting of peels, pulp and seed of oranges  are  rich 

in structural polysaccharides and related polymers, including cellulose (18–20% w/w based on dry solid (DS)), hemicellulose 

(14–16% w/w DS), pectin (20–22% w/w DS) and lignin (5–7% w/w DS). In addition to that it is also abundant in free sugars, 

namely, glucose, fructose and sucrose (about 30–36% w/w DS), as well as other components such as EO (0.3–0.5% w/w DS) 

and proteins (up to 8% w/w DS) (De la Torre et al. 2017).  It is therefore conclusive that the orange peels are a rich source of 

nutrients like nitrogen, phosphorous and potassium thereby making them a good substrate for production of nutritious 

compost. Moreover, orange peels when added to compost protects it from scavengers and also repels pests as many pests 

dislike the strong smell of citrus. It is necessary to crush down the orange peels into small pieces prior to the process of 

composting in order to ensure rapid decomposition. 

Citrus being rich in citric acid, its peels are an excellent source of acid for soil, the peels can be dried and grinded into powder 

followed by incorporation into soil. The acids released from the peels will thus lower the pH of the soil, thereby making it 

suitable for growth of acid loving plants. For example, in a study carried out by Jariwala and Syed (2017) in which fruit peels 

of around 15-20 kg of various fruits like Orange, Banana, Sweet Lime and Pomegranate were collected from fruit juice vendors. 

These fruit peels were segregated, dried (21 to 25 days) and ground into powder. These ground powder of fruits were 

categorized into two categories like   a) citrate peel powder which consists of orange, sweet lime and pomegranate peel and b) 

alkaline peel powder consisting of banana peel. Both type of peel powder has different pH. Generally alkaline peel powder is 

used for reducing acidity content present in soil and acidic peel reduces salinity of soil.   Different formulation of fruit peel 

powder was mixed with water in different quantities and were used to compare the plant growth. The final results of the study 
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showed that Citric Peel powder has higher Nitrogen content (9.1 mg/g), whereas Alkaline Peel powder has higher quantity of 

Phosphorous (4.2 mg/g) and Potassium (2.1 mg/g). 

Control of Run-Off and Soil Erosion Through Orange Peels 
An experiment performed by Bambino et al. (2010) to investigate about the utilization of solar-dried citrus peel for soil 
conservation in Mediterranean environment. The results observed through the observation of hydrological response of artificial 
slopes treated with 3 kg/m2 of solar-dried orange peel yielded a beneficial effect on both surface runoff and sediment yield. 
Over all, the treatment of soil surface with sun dried citrus peels contributed to a reduction of runoff volumes by 10% and of 
soil erosion by 50% with respect to soils (not subjected to any treatment) in correspondence to natural rainfall up to 80 mm. 

Orange Peels as Raw Material for Biogas Production 
It is established fact that orange peel holds a myriad of carbohydrate polymers, which makes it an apt choice for utilization in 
biological processes. Hence, the orange waste with high organic matter content can act as a potential energy source if it can be 
accurately treated in order to transform it biologically into methane through anaerobic digestion. This makes the waste a source 
of renewable energy, and the output of carbon dioxide to the atmosphere is zero. But the presence of peel oil limonene has 
antimicrobial effects and acts as a strong inhibitor for the biogas producing microorganism.  Nevertheless, orange peels can act 
as suitable source for biogas production when an appropriate pre-treatment is performed prior to the digestion process. 
Experimental findings have shown that thermophilic digestion of orange waste combined with municipal solid waste in an 
incessant stirred tank reactor can produce a methane yield up to 0, 6 m3 CH4/kg Volatile Solid for both mixtures of 30-70 % 
and 20-80 % OP and MSW, respectively (Aslanzadeh & Özmen 2009). 

Utilization as Insect Repellant 
Orange peels are effective in repelling pests and can be used when plants are suffering from mild pest infestation and hence 
can prevent use of chemical pesticides. They are simply needed to be tore into small pieces and placed around the affected 
plant or a hole can be made in the peels and attached to a stem near the infected area. These are mainly effective for aphids as 
they contain a chemical called d-Limonene which is an all-natural insecticide. It damages the nervous systems of pests such as 
aphids and ants, killing them. Though not as effective as chemical pesticides yet if organic farming is the priority, they can be 
beneficial. 

Keeping Away Dogs, Cat and Mosquitoes from Garden 
Orange peels have a strong aroma this smell repels the pets like dogs and cats from approaching the plants and keep them 
away from the poisonous or toxic plants. Similar to the dogs and cats, undesirable insects like the sandflies and mosquitoes are 
also repelled by the smell of orange peels and thus makes garden clean and easy to work with.  For this Shred up the peels into 
small pieces and then sprinkle them on the top of the garden or containers. 

Conclusion 
As the benefits of oranges are known to people more of it being consumed by people and is utilized for processing industries 
for various value-added product and thus its cultivation is which increasing each year. Most of the oranges are used for orange 
juice production. Consequently, a large amount of organic wastes, including seeds, segment membranes and peel, counting up 
to half of the weight of used oranges, are generated from the processing industries. Moreover, oranges are also widely 
consumed in every household and a plenty of waste from it is thus produced which can be utilized for better and healthy plant 
growth in garden. Therefore, it can be concluded that whether in large scale of mitigation soil erosion and production of biogas 
or in small scale of repelling pets and insects away in garden orange peels can act as a valuable asset and thus procure the title 
of “wealth from waste”. 
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Introduction 

India continues to experience strong challenges in the agriculture sector due to its increasing supply-demand gap, which is 

attributed to the increasing population, rapid urbanization, low productivity, absence of automation, weak infrastructure 

support, small and scattered land holdings, and migration of labour force to other sectors. Farm mechanization is one of the 

potential solutions to most of the above-listed challenges as it increases productivity as well as reduces the input resources. 

However, due to severe financial constraints experienced by the majority of Indian farmers, the adoption of farm mechanization 

has continued to remain beyond their reach. 

In this regard, how digitized access-based solution can help in overcoming the mechanization constraints experienced by the 

farmers in accessing expensive farm equipment. We need to know the different digital technologies which has developed and 

implemented a digitized sharing mobile app that can enable farmers to adopt farm mechanization. By leveraging internet 

technology, mobile telecom services, financial services and cloud technologies we will significantly increase our reach of farm 

mechanization and enable digital empowerment. As per industry estimates, farm mechanization is expected to reduce 

cultivation cost by 25% and increase productivity by 20% and will be critical in boosting farmers' income. There are more than 

60 mobile apps are available in google/ios play store. Important mobile apps related to farm machinery and tractor are enlisted 

below and explained briefly, 

1. CHC Farm Machinery 

2. Trrigo 

3. AgroStar 

4. AgriApp: Ag-Tech Solution 

5. Machinery Guide-Agicultural GPS Guidance 

6. e-HAAT 

7. Field Navigator 

8. Mera Swaraj 

9. TractorPlus 

 

Different Mobile App for Usage of Farm Machinery 

‘CHC Farm Machinery’ mobile App:  The mobile application connects farmers with Custom Hiring Service Centres in their 

nearby vicinity. The app can be downloaded on any android phone from Google Play Store. 

Through this app the farmers can now select and order the required machinery at rates feasible for them from Custom Hiring 

Centers (CHC) located in radius of 50 Km. Thus farmers, primarily small and marginal farmers, will have easy access to high 

value and technical agricultural equipment and this will further facilitate optimum use of all types of inputs using these farm 

machineries. To provide Agricultural Machinery on rental basis to the Farmers, especially small & marginal farmers who 

cannot afford to buy the high value machinery & equipments, the Custom Hiring Centers/ Farm Machinery banks and Hi-tech 

hubs have been established under various Schemes such as Mission on Agricultural Mechanization,  Rashtriya Krishi Vikas 

Yojana,  Crop Residue Management Schemes of DAC & FW under Union Ministry of Agriculture and Farmers welfare. 

The app is available to custom service providers for registration and uploading with geo-reference photographs of agricultural 

machinery customer service centers as well as photographs of machinery available in it. Benefits of using this app will take 

mechanization to maximum farm holdings in a short time frame and will also increase the income of the farmers. 
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1. EM3 AgriService Mobile App: Agriculture services company, EM3 AgriServices launches a mobile app through which 

farmers in Madhya Pradesh can place orders for renting farm equipment and services, with a built-in option of paying online 

via the payment wallet. 

2. Gold Farm Mobile App: Gold Farm’s sharing app offers access-based solution for accessing farm equipment at affordable 

prices. Pay per usage, reduction in ownership risks, removal of upfront financial investment constraints, continuous 

monitoring and tracking of vehicles and increased utilization are the key advantages of digitized Gold Farm’s sharing app. We 

discuss research, practice and social implications of implementing digitized access-based solution for agriculture. 
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Introduction 

Seed dormancy can be defined as the state or a condition in which seeds are prevented from germinating even under the 

favorable environmental conditions for germination including, temperature, water, light, gas, seed coats, and other mechanical 

restrictions. The main reason behind these conditions is that they require a period of rest before being capable of germination. 

These conditions may vary from days to months and even years. These conditions are the combination of light, water, heat, 

gases, seed coats and hormone structures. The metabolic activity of dormant seed is similar to non-dormant seeds. 

When germination in a viable seed does not start due to unavailability of favorable conditions and the seed remains as such, 

the phenomenon is considered as quiescence. 

 

Reasons or Causes of the Seed Dormancy 

There are certain major causes for the seed dormancy. Listed below are the few reasons for the seed dormancy. 

1. Light 

2. Temperature 

3. Hard Seed Coat 

4. Period after ripening 

5. Germination inhibitors 

6. Immaturity of the seed embryo 

7. Impermeable seed coat to water 

8. Impermeable seed coat to oxygen 

9. Mechanically resistant seed coat 

10. Presence of high concentrate solutes 

Types of Seed Dormancy 

The seed dormancy is of following types: 
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1. Innate dormancy/ Primary dormancy: It is the condition of seeds which is incapable of germination even if conditions 

suitable for seedling growth are supplied. This inability to germinate may be due in certain species to the embryo being 

immature at the time of dispersal. 

2. Enforced dormancy: It is the condition of seeds which is incapable of germination due to an environmental restraint which 

includes, an adequate amount of moisture, oxygen, light and a suitable temperature. 

3. Induced dormancy: This type of seed dormancy occurs when the seed has imbibed water but has been placed under 

extremely unfavorable conditions for germination. Finally, seed fails to germinate even under more favorable conditions. 

Other Types of Seed Dormancy 

1. Deep dormancy: Seed of temperate plants remain dormant until conditions are favorable for germination it is known as 

deep dormancy. Artificial stratification treatments may be applied to break the deep dormancy. 

2. Light dormancy: Phytochrome of seed has light-perception system which is activated by the wavelengths rich in red. In 

forest, the red wavelength of light is absorbed by the leaves of trees. Therefore, seed in forest has to remain dormant or quiescent 

upto fall of leaves.  

3. Relative dormancy: This type of dormant seed exhibits dormancy at one particular temperature, while not exhibiting 

dormancy at another. 

4. Combination of dormancy: Combination of more than one type of dormancy posed by the same seed need more than one 

treatment to break the dormancy. 

Methods of Breaking Seed Dormancy 

The different methods of breaking dormancy are mentioned below: 

1. The natural breaking of Seed Dormancy: Nature of dormancy stops when the embryo gets appropriate environment such 

as adaptive moisture and temperature. The seed coat that exists in many species becomes permeable due to the rupturing of 

smoothing action of natural agents like microorganism, temperature, and abrasion by the digestive tract of birds and animals 

that feed on these seeds. Other natural methods include: 

a. Completion of the over-ripening period. 

b. Leaching of inhibitors present in the seed coat. 

c. Inactivation of inhibitors by the supply of cold, heat, and light. 

d. Leaching of the excess and highly concentrated solutes from the seeds. 

e. Production of growth hormones which can neutralize the effect of inhibitors. 

2. Artificial Overcoming of Seed Dormancy: Some of the artificial methods used for breaking seed dormancy are listed below: 

a. Action with hot water for termination of waxes, surface inhibitors, etc. 

b. Rupturing of seed coats by filing, chipping, or threshing through machines. 

c. Exposure to heat, cold or light, depending upon the type of seed dormancy. 

d. By applying Hydraulic pressure for 5 to 20 minutes in order to weaken the tough seed coats. 

e. Seed coats are treated with concentrated sulphuric acid for removing all traces of the mineral acid. 

Treatment to break dormancy in seeds 

There are separate treatments to overcome dormancy and they are further divided into the following groups: 

1. Seed coat treatment: These treatments make a hard seed coat permeable to water or gases either by softening or cracking. 

This process is called scarification. The treatment can be either chemical or physical in nature. 

2. Embryo treatments: 
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a. Stratification: The incubation of seeds at an appropriate low temperature over a moist layer before transferring to a 

temperature suitable for germination. 

b. High-temperature treatment: Incubation at 40-50 °C for a few hours to a few days may have an effect in overcoming 

dormancy in some species. For instance, rice seeds treated in hot water of 40°C for at least 4 hours. 

3. Chemical treatments: Plant growth regulators or other chemicals can be used in induced germination growth regulators. 

Importance of Seed Dormancy 

1. It follows the storage of seeds for later use by animals and man. 

2. It helps in the dispersal of the seeds through the unfavourable environment. 

3. Dormancy induced by the inhibitors present in the seed coats is highly useful to desert plants. 

4. Allows the seeds to continue to be in suspended animation without any harm during cold or high summer temperature and 

even under drought conditions. 

5. Dormancy help seeds to remain alive in the soil for several years and provide a continuous source of new plants even when 

all the mature plants of the area have died down due to natural disasters.  

6. In temperate zones, the dormancy of seeds helps the plants to tide over severe cold which may be injurious for their 

vegetative and reproductive growth. 

7. In tropical regions, the dormancy of seeds resulting from their impermeable seed coats ensures good chances of survival 

during water stress. 

8. Dormancy of seeds in many cereals is of utmost importance to mankind. If these seeds would germinate immediately after 

harvest in the field, they will become useless to man for consumption as food. Rain, at the time of harvest or maturity may 

spoil entire produce by initiating germination. 

Conclusion 

Seed dormancy is an innate seed property that defines the environmental conditions in which the seed is able to germinate. It 

is determined by genetics with a substantial environmental influence which is mediated, at least in part, by the plant hormones 

abscisic acid and gibberellins. Not only is the dormancy status influenced by the seed maturation environment, it is also 

continuously changing with time following shedding in a manner determined by the ambient environment. As dormancy is 

present throughout the higher plants in all major climatic regions, adaptation has resulted in divergent responses to the 

environment. Through this adaptation, germination is timed to avoid unfavourable weather for subsequent plant 

establishment and reproductive growth 
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Introduction 

Cutworms are polyphagous and cosmopolitan pests attacking large number of crops worldwide including India (Ram et al. 

2001). The damage is caused by the larvae which are generally found in the soil. The cutworms typically coil up into ‘C’ shape 

when disturbed. They usually remain hidden during the day and feed mostly at night; however, some feeding may occur 

during the day, but the generally cutworms remain concealed below the ground at daytime. The larvae usually hide in cracks 

and crevices in the soil or under the clods or debris around the plants during day time, and come out of these places of hiding 

at night and cut the young plants at ground level and eat only the tender parts (Bhattacharyya et al. 2014). The economically 

important cutworms are generally noctuids belonging to genera Agrotis, Euxoa, Discestra and Peridroma. The genus Agrotis 

includes number of species of cutworms which cause extensive damage to vegetable and cereal crops in India and most of 

these species look very similar especially as larvae. (Specht et al. 2013). 

In India, five species of cutworms viz., Agrotis ipsilon Hufnagel, Agrotis interacta Walker, Agrotis flammatra Fabricius, Agrotis 

spinifera Hubner and Agrotis segetum (Denis &Schiffermuller) have been reported causing 12-40 per cent yield losses in potato 

in different parts (Saxena and Misra 1990). 

Cutworm 

Scientific Name: Agrotis ipsilon 

Order: Lepidoptera & Family: Noctuidae 

Identification: Depending on the species, cutworms vary in color from pink, green or brown to black, usually with muted 

stripes running lengthwise along their bodies. When disturbed, they curl up into a “C." One of the most common types is the 

black cutworm, which affects lawns and vegetable gardens. 

Host Plants: Black cutworm has a wide host range. Nearly all vegetables can be consumed, and this species also feeds on alfalfa, 

clover, cotton, rice, sorghum, strawberry, sugar beet, tobacco, and sometimes grains and grasses. 

Life Cycle: 

a. Egg: The egg is white in color initially, but turns brown with age. It measures 0.43 to 0.50 mm high and 0.51 to 0.58 

mm wide and is nearly spherical in shape, with a slightly flattened base. The egg bears 35 to 40 ribs that radiate from 

the apex; the ribs are alternately long and short. The eggs normally are deposited in clusters on foliage. Females may 

deposit 1200 to 1900 eggs. Duration of the egg stage is three to six days. 

b. Larva: There are five to nine instars, with a total of six to seven instars most common. Head capsule widths are about 

0.26-0.35, 0.45-0.53, 0.61-0.72, 0.90-1.60, 2.1-2.8, 3.2-3.5, 3.6-4.3, and 3.7-4.1 mm for instars one through eight, 

respectively. Head capsule widths are very similar for instars one through four, but thereafter those individuals that 
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display eight or nine instars show only small increments in width at each molt and eventually attain head capsule sizes 

no larger than those displaying only six or seven instars. 

Larval body length is reported to be 3.5, 5.3-6.2, 7, 10, 20-30, 30-45, 50, and 50 mm for instars one through eight, 

respectively. Duration of the larval stage is normally 20 to 40 days. Mean duration of instars one through six was 

reported to be 6.0, 5.0, 4.6, 4.3, 5.6, 4.0 days, respectively, at 22°C. Larval development is strongly influenced by 

temperature, with the optimal temperature about 27°C. Humidity is less important, but instars one through five thrive 

best at higher humidity. 

c. Pupa: Pupation occurs belowground at a depth of 3 to 12 cm. The pupa is 17 to 22 mm long and 5 to 6 mm wide and 

dark brown. Duration of the pupal stage is normally 12 to 20 days. 

d. Adult: The adult is fairly large in size, with a wingspan of 40 to 55 mm. The forewing, especially the proximal two-

thirds, is uniformly dark brown. The distal area is marked with a lighter irregular band, and a small but distinct black 

dash extends distally from the bean-shaped wing spot. The hind wings are whitish to gray, and the veins marked with 

darker scales. The adult preoviposition period is about seven to 10 days. Moths select low-growing broadleaf plants 

preferentially for Oviposition, but lacking these will deposit eggs on dead plant material. Soil is an unsuitable 

Oviposition site. 

Fig.1: Different life stages of Cutworm (Agrotis ipsilon) 

Nature of Damage 

Cutworms are voracious feeder. They rarely consume the entire plant, but more commonly move to the next plant and damage 

in the row or to another row. Larvae spoil more than they consume, and a severely infested field looks like as if it has been 

grazed. The damage often goes unnoticed until after a significant number of plants have been damaged. Later stages of 

cutworm are more damaging as they entirely cut the plants or tunnel into the plants below or above the soil surface, whereas 

small stage cutworms climb plants and chew small holes in the leaves. The cutworms are most serious in weedy, late planted 

fields with poor drainage especially during cool and wet springs. Eggs are laid singly or a few together on leaves or stem of 

weeds, crop residues or bordering fields before the crop is planted (Rimpy 2016). Larvae can consume over 400 sq cm of foliage 

during their development, but over 80% occurs during the terminal instar, and about 10% in the instar immediately preceding 

the last. Thus, little foliage loss occurs during the early stages of development. Once the fourth instar is attained, larvae can do 

considerable damage by severing young plants, and a larva may cut several plants in a single night. Plants tend to outgrow 

Egg Stage Larva Stage Pupae Stage Adult Stage 
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their susceptibility to injury. Corn at the one-leaf stage is very susceptible to damage, but that by the 4 or 5-leaf stage plant 

yield was not reduced by larval feeding. Leaf feeding and cutting above the soil line are less damaging to corn than cutting at 

the soil surface. Subterranean damage is very injurious. 

Fig.2: Nature of damage by cutworms 

Management Practices 

1. Cultural Control 

a. Deep summer ploughing. 

b. Use well decomposed organic manure. 

c. Adapt crop rotation. 

d. Early sowing in the last week of October. 

e. Intercropping with wheat or Linseed or Mustard reduces infestation. 

f. In the early stages pick the insects and destroy. 

g. Do not grow Tomato or Lady Finger in nearby field. 

f. Grow Marigold on bunds. 

2. Mechanical Control 

a. The adult insects can be controlled by light traps. 

b. Collect and destroy caterpillars mechanically as they may be curled near the base of young plants or just a few inches 

deep in the soil 

3. Biological Control 

a. Conserve Braconids, Microgaster sp., Bracon kitcheneri, Fileanta ruficanda (parasitods) and Broscus punctatus, Liogryllus 

bimaculatus (predators). 

b. Encourage predatory birds to visit the fields by placing birdbaths and feeders near the planting beds 

4. Chemical Control 

a. Broadcast Bt. mixed bait (mix 2 g of Bacillus thuringiensis formulation with 1 kg of wheat bran) @ 10 kg bait /ha 

over the surface of new planting beds one week before planting. Cutworms already present in the soil will eat the 

baits instead of new seedlings. 

b. Use poison bait (mix 2 g malathion 5% dust with 1 kg of wheat bran) @ 10 kg bait/ha in the evening on weed free 

soil 

c. Broadcast insecticide (chlorpyrifos) treated sand (20% EC Dursban @ 3 litre per 10 kg sand) @ 10 kg treated sand 

/ha in the field before planting 

d. Treat soil with chlorpyrifos e.g. Dursban 10% G @ 20 kg/ha before planting 

e. Apply chemical insecticides only if the insect population crosses the economic threshold. 

f. Spray insecticides like endosulfan 35 EC @ 1000 ml/ha. 

                        OR 

Deltamethrin 2.8 EC @ 750 ml/ha. 

                         OR 

Quinalphos 25 EC @ 1000 ml/ha               

In case of severe infestation 

a. Spray insecticides like polytrin C-44 EC @ 1000 ml/ha. 

                         OR 

Profenophos 50 EC @ 1500 ml/ha. 

                          OR 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            191 | P a g e  
 

Spray insecticides like spark 36 EC at the rate of 1000 ml/ha. 

b. Dilute the above in 500 - 600 liters water and spray 
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Summary 

Rapid increase in world population not only reduces the cultivable land but also conventional agricultural practices causing a 

wide range of negative impacts on the environment. To sustainably feed the world’s growing population, alternative methods 

for growing sufficient food have to evolve. One such alternative method that has been increasing in popularity is the use of 

hydroponic technology. Hydroponics is the art of soilless agriculture in which plants are grown in nutrient rich solution soil. 

It requires less water, less fertilizer and less space which will increase the yield per unit area. 

Introduction 

With the advancement of 21st century, human races face many challenges which include a rapidly expanding world population, 

increasing air pollution, diminishing water resources and climate changes. Another problem that we are facing is finding ways 

to sustain our food supply. As cultivable land becomes scarcer with increasing population and a scarcity of farmers to help 

cultivate our lands for crops, finding alternative methods for growing crops to sustain life become a more pressing concern. 

As more traditional methods of farming and food production are declining, people starting to embrace alternative forms of 

food growing that are adaptable in both urban and rural areas. Moreover, these alternative ways of farming use all available 

and sustainable natural resources and helps conserve and preserve our ecosystem. One such farming method that has been 

increasing in popularity is the use of hydroponic technology. Weather uses to feed single families, neighbourhoods or entire 

communities, farming by use of hydroponic technology is a highly adaptable and sustainable methods of producing healthy 

food crops. 

What is Hydroponic Agriculture? 

Hydroponics is a subset of hydroculture, which is the technique of growing plants in mineral nutrient solutions with or without 

the use of an inert grow medium such as gravel, vermiculite, saw dust, rockwool, peat moss, coconut fibre, etc. to provide 

mechanical support. Hydroponics uses only nutrients fertilizer and water to cultivate plants. It eliminates the use of soil as a 

medium to grow crops aiming to ensure sustainable and profitable food production. Various commercial crops can be grown 

using hydroponics including leafy vegetables, tomatoes, cucumbers, peppers, strawberries, and many more. Hydroponics term 

Hydroponically Grown Vegetables 
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was derived from two Greek words ‘hydro’ means water and ‘ponos’ means labour and literally means water work. The word 

hydroponics was coined by Professor William Gericke in the early 1930s; describe the growing of plants with their roots 

suspended in water containing mineral nutrients. 

The Basic Types of Hydroponic System  

1. Wick System: This is the simplest hydroponic system that requires no electricity, pump and aerators. Plants are placed in an 

absorbent medium like perlite, vermiculite and coco coir with a nylon wick running from plant roots into a reservoir of nutrient 

solution. The nutrient solution supplied to plants through capillary action. This system works well for small plants, herbs and 

spices but doesn’t work effectively that require large amounts of water. 

2. Ebb and Flow system: This system works on the principle of flood and drain and is the first commercial hydroponic system. 

The nutrient solution from reservoir flooded via water pump to grow tray until it reaches a certain level and stay there for 

certain period of time to surround the plant roots completely. The excess nutrient solution returns to the reservoir. Different 

kinds of crops can be grown here but the problem of root rot, algae and mould is very common therefore, some modified 

system with filtration unit is required. 

3. Drip System: The drip hydroponic system is extensively used method for both home and commercial growers. With these 

systems, the mineral nutrient solution is pumped through tubes directly to the base of the plant. At the end of the tubes there 

are drip emitters that allow the nutrient solution to drip at an adjustable flow, saturating the growth medium. 

4. Nutrient Film Technique (NFT) system: The Nutrient Film Technique or NFT system was developed to overcome the 

shortcomings of ebb and flow system. In this system, water or a nutrient solution circulates throughout the entire system; and 

enters the growing tray through a water pump without a time control. The system is slightly slanted so that nutrient solution 

runs through roots and drains back into a reservoir. Plants are placed in channel or tube with roots hanging in a hydroponic 

solution. Although, roots are susceptible to fungal infection, they are constantly immersed in water or nutrient. Many green 

leafy vegetables can easily be grown in this system and commercially most widely used for lettuce production. 

5. Deep water culture system: In deep water culture, roots of plants are suspended in nutrient rich oxygenated water. In the 

solution, the air is provided directly to the roots by an air stone where the plants grow quickly in a large mass. It is mandatory 

to observe the adequate amount of oxygen and nutrient concentrations, salinity and pH of water to stop the growth of algae 

Diagram of various types of hydroponic system  
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and moulds in the reservoir. This system works well for larger plants that produce fruits especially cucumber and tomato, 

grow well in this system. 

6. Aeroponic: This system is the most high-tech type of hydroponic system. Plant roots are hung in the air and are misted with 

nutrient solution continuously. The mistings are usually done every few minutes by a pump controlled by a timer. 

Benefits of hydroponic agriculture 

The benefits of hydroponic agriculture are numerous. This is often clean and comparatively easy method as there is no chance 

of soil-borne pathogen and insect pest infection to the crops. Therefore, reduce the use of pesticides which are toxic to the soil 

health and human body when applied extensively. Besides, hydroponically grown plants require less growing time as 

compared to crop grown in field and growth of plant is also faster as there is no mechanical hindrance to the roots. Yield of the 

hydroponic plants are higher since the number of plants per unit is more compared to conventional agriculture. Hydroponics 

saves huge amount of water as irrigation and other kind of sprays is not needed and water logging never occurs. In addition 

to higher yields and water efficiency, this technique also supports continuous production throughout the year. Hydroponic 

systems are very flexible and can range from rudimentary backyard setups to highly sophisticated ones. This technique is very 

useful for the area where environmental stress (cold, heat, dessert etc.) is a major problem. Since, crops in hydroponic system 

are not affected by climate change, can be cultivated year-round and considered as off season. 

Limitations of Hydroponics 

Though there are many benefits of hydroponics over conventional agriculture, there are some limitations too. Initially, the 

installation cost is higher and growers require more skill and knowledge to maintain optimum production than traditional 

agriculture system. Diseases and pests can easily affect each plant as it shares the exact same nutrient solution. Limited oxygen 

supply and hot weather may limit production and can result in loss of crops. 

Conclusion 

In present scenario, hydroponic agriculture is gaining popularity all over the world because of efficient resources management 

and sustainable food production. As short duration crop like vegetables can be grown round the year in very limited spaces 

with less number of labour, so hydroponics can play a valuable contribution in areas with limitation of soil and water and for 

landless poorer people. In India, hydroponic industries are expected to grow rapidly in near future. To make this technique 

available for farming community, it is important to develop low cost hydroponic technologies that reduce dependence on 

human labour and lower overall start-up and operational costs. 
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Introduction 

Electrolyzed Water (also known as electrolyzed oxidizing water, electro-activated water or electrochemically activated water 

solution) is produced by the electrolysis salt solution. Typically, tap water has sufficient dissolved salts for the electrolysis of 

water. The resulting water is a known cleanser and disinfectant / sanitizer. 

Electrolysed water was initially developed in Japan. It has been reported to have strong bactericidal effects on most pathogenic 

bacteria that are important to food safety. EW water is produced by passing a diluted salt solution through an electrolytic cell, 

within which the anode and cathode are separated by a membrane. EW is a universal biocide eliminating all kind of virus, 

bacteria, fungus, spores, algae, mold. It is 100 % biodegradable and harmless for Human and Environment. EW is now used as 

a disinfectant in seed and improves the seed quality (Al-Haq et. al., 2005). 

Generation of Electrolyzed Water 

Electrolyzed water is generated in a system containing two electrodes such as anode and cathode with diaphragm 

(membrane/septum) or without diaphragm (Fig. 1). The current passing through the system and voltage between the 

electrodes is set at 8-9 amperes and 9-10 volts, respectively. Tap water and salt solution (NaCl/KCl/MgCl2) simultaneously 

introduced into the system. While passing current through electrodes, it electrolyzes the water and salt solution, resulting in 

movement of ions towards oppositely charged electrode. System without diaphragm produces neutral electrolyzed water. 

System with diaphragm produces two types of water, which may be collected from their respective outlets: 

1. Acidic Electrolyzed water (AEW) or Electrolyzed Oxidizing Water (EOW) 

2. Basic Electrolyzed water (BEW) or Electrolyzed Reducing Water (ERW) 

Figure 5: Schematic of electrolyzed water generator and resulting compounds 
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Advantages of Electrolyzed Water (EW) 

Disinfection with AEW is more convenient than conventional chlorine disinfection for the following reasons: 

1. It can be produced on-site 

2. It has less adverse impact on the environment (Koseki et. al., 2002) 

3. Reduces the cost and hazards associated with the handling, transportation and storage of concentrated chlorine solution  

4. It is more environment friendly (Bonde et. al., 1999). 

5. It reverts to normal water after use, without releasing - harmful gases such as chlorine (Bonde et. al., 1999). 

6. AEW kills microorganisms physically and that microorganisms do not acquire resistance. 

7. After the initial cost of the electrolysis apparatus, operational expenses are minimal (Bonde et. al., 1999).  

8. The use of AEW does not result in changes in ingredients, texture, scent, flavor of the product 

9. The cytotoxicity of AEW is less than that of a conventional disinfectant. 

Disadvantages of Electrolyzed Water (EW) 

1. It may rust some metals 

2. Its effectiveness is reduced by the presence of protein (Shimada et. al., 1997) 

3. If electrolyzing machines operated at pH<5, produce pungent chlorine gas that causes discomfort for the operator (Al-Haq 

et. al., 2001) 

4. The initial purchase of the equipment may be costly 

5. With time, the antimicrobial activity of AEW is reduced due to chlorine loss (Koseki and Itoh, 2001) 

6. Phytotoxic to plants and damage plant tissue (Schubert et al., 1995) 

Principle of Antimicrobial Activity of Acidic Electrolyzed Water (AEW) 

The antimicrobial mechanism of AEW is not yet fully understood. It may be due to the presence of chlorine species (Cl2, HOCl 

and OCl-) or low pH or high ORP (Kim et. al., 2000) or it may be mixture of all these reasons (Al-Haq et. al., 2001). The fact 

remains, however, that AEW possesses strong bactericidal and virucidal and moderate fungicidal properties (Kim et. al., 2000). 

At the low pH of AEW, HOCl is a very weak but effective sanitizer. HOCl can penetrate microbial cell membranes and 

subsequently oxidizes the key metabolic systems (Hurst et. al., 1991). 

The ORP of a solution is an indicator of its ability to oxidize or reduce, with higher positive ORP values corresponding to 

greater oxidizing strength (Jay, 1996). A cascade of redox reactions occurs during electrolysis, producing many reactive and 

toxic compounds, such as O3, O-, Cl- and OH- in AEW. It contributes to the sanitizing effect of AEW (Shiba and Shiba, 1995). 

Principle of Antimicrobial Activity of Basic Electrolyzed Water (BEW)  

BEW (AlEW or ER water) has a pH >11.3 and an ORP <800mV. Thus, it has strong reducing potential, which leads to reduction 

of free radicals in biological systems. BEW is recognized to have a surface-active effect due to the presence of dilute NaOH, 

dissolved hydrogen and active hydrogen (Shirahata, 2001). 

Factors Affecting Activity of AEW 

1. Storage conditions: AEW loss its bactericidal activity with time, which is caused by chlorine loss due to the evaporation of 

Cl2 and HOCl decomposition (Koseki and Itoh, 2001). The free chlorine content of AEW was found to drop significantly (by 80 

%) during 2 hrs of stirring, while the ORP remained constant, indicating the presence of other strong oxidants (Bonde et. al., 

1999). 

2. Light: Len et. al., (2002) reported that the effect of diffused light on chlorine loss was small under open conditions. Din et. al., 

(2000) demonstrated that the chlorine decomposition rate for chlorinated water exposed to light was 5 to 8 times higher than 

the rate for chlorinated water stored in dark. 

3. Agitation: Park et. al., (2002) reported that AEW treatment was less effective without agitation than with agitation, perhaps 

because of the limited ability of chlorine in AEW to penetrate attached microbial cell layers. Len et. al., (2002) reported that the 
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rate of chlorine loss increased by about 5 times when agitation was applied, probably due to the acceleration of interface mass 

transfer of chlorine gas. 

4. pH: The pH of AEW may also affect the rate of chlorine evaporation because the ratio of Cl2 to HOCl in a solution is pH-

dependent (White, 1999). Chlorine loss in AEW was greatly reduced by increasing the pH (Len et. al., 2002). 

5. ORP: During 120 min stirring of AEW, the ORP remained constant, indicating the presence of other strong oxidants (Bonde 

et. al., 1999). ORP profiles obtained from closed conditions were similar to each other regardless of agitation and lighting (Len 

et. al., 2002). 

Effect of Electrolyzed Water on Seed Disinfection and Seed Quality 

Slightly acidic electrolyzed water (SAEW) killed the all viable Enterobacteriaceae and improved the seedling quality in alfalfa 

seeds soaked in SAEW for 6 hours and (Zhang et. al., 2020). Soaking of tomato seeds in Neutral Electrolyzed Water for 30 min 

reduced the Fusarium and Aspergillus sp. and improved the seed germination percentage (Fuentes et. al., 2019). Stan and 

Daeschel, 2003 found that soaking of alfalfa seeds in Acidic Electrolyzed Water reduced the Salmonella enterica population and 

increased the seed germination. Electrolyzed water soaking reduced the microorganism count and improved the seed 

germination and γ-aminobutyric acid accumulation in brown rice (Liu et. al., 2013). Foliar spray with acidic electrolyzed water 

on tomato plant reduced the bacterial leaf spot (Xanthomonas campestris pv. vesicatoria), scab (Streptomyces scabies) and wilt 

diseases (Fusarium. oxysporum f.sp. lycopersici) and also reduced the number of diseased fruits/plants, number of spots/fruits; 

and increased the number of healthy fruits/plant and total fruit yield/plant (Abbasi and Lazarovits, 2006). Yu and Liu, (2019) 

found that electrolyzed water soaking improved the α-amylase activity, protease activity, phytase activity and lipase activity 

in triticale during seed germination. 

Conclusion 

EW treatment may be used as an effective method for reducing microbial contamination on seed. EW shows wide-ranging 

fungicidal activity, which may facilitate its use as a contact fungicide on aerial plant surfaces and for general sanitation in 

greenhouses. As EW is produced on-site and on demand for direct use, it can also reduce health hazards for workers by 

eliminating the need to handle concentrated chemicals. It may be useful as a seed disinfecting agent. Both AEW and BEW are 

useful in seed sanitation. The use of EW is an emerging technology and the door is open to further research and development.  
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Introduction 

Ecological Engineering (EE) for pest management is a modified tritrophic interaction, which enhance the natural enemies of 

pests in an agro ecosystem and is being considered an important strategy for promoting Bio intensive Integrated Pest 

Management (BIPM). This approach relies on use of cultural techniques to bring about habitat manipulation by altering plant 

composition and enhance biological control by manipulating the third trphic level.  It is emphasized more on ecological 

knowledge rather than on high technology approaches such as synthetic pesticides and genetically engineered crops. The 

primary objective in Ecological engineering is to create an amenable environment for the natural enemies by manipulating the 

habitat. Habitat manipulation aims to provide natural enemies of pests with nectar, pollen, physical refuge, alternate prey, 

alternate hosts and living sites. This can be through plantation of appropriate companion plants like floral trap crops and 

repellent crops, through which the population of pollinators, predators and parasitoids can be enhanced to manage the 

herbivorous insect pests. 

Ecological Engineering (EE) strategies focus on pest management both below ground and above ground. The main emphasis 

is to improve the soil health below ground by developing soils rich in organic matter and microbial activity and above ground 

plant health by habitat manipulation to increase the biodiversity of beneficial natural enemies. 

EE for Pest Management – Above Ground 

1. More focussed on making the habitat less suitable for pests and more attractive to natural enemies 
2. Raising flowering plants along the border by arranging shorter plants towards main crop and taller plants towards the border 
to attract natural enemies as well as to avoid immigrating pest population 
3. Inter-cropping, border-cropping and mix cropping of the flowering plants provide nectar/ pollen as food for various bio-
control agents 
4. Trap crops and repelling crops for pests are also grown as intercrop along with the main crop 
5. No uprooting of weed plants which are growing naturally like Tridax procumbens, Ageratum sp, Alternanthera sp etc. as they 
act as a nectar source for natural enemies 
6. Not applying chemical pesticides, when the Pest: Defender ratio is favourable 
7. The compensation ability of the plant should also be considered before applying chemical pesticides 

Different Types of Plants Used in Ecological Engineering: These Can Be Classified Into 4 Categories 

1. Attractant Plants - Attract the Natural Enemies of pests 
2. Trap plants - Trap the crop pests 
3. Repellent plants - Repel the crop pests 
4. Barrier/Border plants - Prevent the entry of pests 2. Basic Electrolyzed water (BEW) or Electrolyzed Reducing Water (ERW). 

Plants Which Attract Natural Enemies of Pests 

1. These include Mustard, sunflower, buckwheat, carrot, marigold, French bean, maize/corn, cowpea, spearmint. The actual 
selection of flowering plants could be based on availability, agro-climatic conditions and soil types. 
2. Due to enhancement of biodiversity by the flowering plants, the number of parasitoids and predators (natural enemies) also 
increase due to availability of nectar, pollen, fruits, insects, etc 
3. The major predators are a wide variety of spiders, ladybird beetles, long horned grasshoppers, Chrysoperla, earwigs, etc. 
4. Management of aphid in Cole crops through ecological engineering During a demonstration of ecological engineering in 
Cole crops conducted by the Directorate of Plant Protection, Quarantine & Storage, Cole crops were bordered by Sunflower, 
Mustard, Marigold and Coriander crops 
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5. The Sunflower was the tallest crop to attract the Helicoverpa pest, it was surrounded by two rows of mustard to attract 
Chrysoperla and Lady Bird Beetle 
6. Coriander crop attracts different natural enemies of main crop pests 
7. Marigold was the preferable crop for egg laying of Helicoverpa 
8. It was observed that the cabbage and cauliflower crops found affected with aphid and the aphid population on Cole crops 
was found parasitized by Aphidius, a potential parasite of aphid 
9. This parasite was able to manage the aphid population on Cole crops 

Trap Plants 

1. A trap crop is a crop that is planted to lure insect pests away from the main crop 

2. Basil and marigold as a border crop (main crop- Garlic) controls Thrips 

3. Castor plant as a border crop in Cotton and chilli field, controls Tobacco caterpillar 

4. Legume as inter / alternate crops in sugarcane enhances the population of fungal and bacterial. BCA for the management of 

nematodes & other soil borne diseases. 

5. Inter crop rows of Tridax procumbens in paddy crop enhances the natural parasite and predator populations. 

Repellant Plants Which Repel Harmful Insect-Pests 

1. Grown either as border crop or main crop, these repel the pests away from the crop mainly due to the release of volatile 

repellent plant chemicals 

2. Basil repels flies, mosquito, tomato borer 

3. Garlic repels beetles, aphids, weevils, spider mites, carrot fly 

4. Radish deter cucumber beetle 

5. Mint repel cabbage moth 

6. Marigold repels beetles, cucumber beetles, nematodes 

Barrier / Border Plants Which Attract Insect-Pests and Reduce Pest Population on Main Crop  

These protect the main crop against small soft bodied flying insects which migrate from one field to other field such as 

whiteflies, hoppers, aphids, mealybugs, thrips etc. Eg. Maize, Sorghum, Bajra, Redgram etc. as barrier crops. 

EE for Pest Management– Below Ground 

1. This focuses on improvement of soil health 

2. Keeping soils covered round the year with living vegetation and/or crop residue 

3. Adding organic matter in the form of farm yard manure (FYM), Vermi compost, crop residue which enhance below ground 

biodiversity 

4. Reducing tillage intensity so that hibernating natural enemies can be saved 

5. Applying balanced dose of nutrients using biofertilizers 

6. Applying mycorrhiza and plant growth promoting rhizobacteria (PGPR) 

7. Applying Trichoderma spp. and Pseudomonas fluorescens as seed/seedling/planting material, nursery treatment and soil 

application 

8. These practices strengthen the ability of crops to withstand pests and also help improve soil fertility and crop productivity 

9. Thus, Biodiversity is crucial to crop defenses: the more diverse the plants, animals and soil-borne organisms in a farming 

system, the more diverse are the pest fighting beneficial organisms on the farm 
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Introduction 

Radopholus similis is a species of nematode known commonly as the burrowing nematode. The nematode was first described 

from necrotic tissue in a species of Musa, the banana genus, in 1891. It is a parasite of plants, and it is a pest of many horticultural 

crops. It is an especially important pest of bananas and citrus, and it can be found on coconut, avocado, coffee, sugarcane, other 

grasses, and ornamentals. It is a migratory endoparasite of roots, causing lesions that form cankers.  Infection by burrowing 

nematode causes toppling disease of banana, yellows disease of pepper and spreading decline of citrus. These diseases are the 

result of burrowing nematode infection destroying root tissue, leaving plants with little to no support or ability to take up 

water and translocate nutrients. 

Morphology & Biology 

Adults and juveniles are vermiform in shape. Adults are sexually dimorphic. The male has a poorly developed stylet, a knob-

like head, and a sharp, curved spicule enclosed in a sac. The male is 500 to 600 µm in length, while the female is about 550 to 

880 µm long. The female has a well-developed stylet. Both male and female have long, tapered tails with rounded or indented 

ends. 

The nematode completes its life cycle in about 21 days at 25 °C. Females and juveniles feed inside roots, especially near the 

tips. Males with their weak stylets do not feed. Females lay two to six eggs per day. The nematode causes a disease condition 

called toppling or blackhead disease in plants. In bananas they weaken the anchor roots and the plants can fall. The roots also 

fail to supply the plant with water and nutrients, causing reduced growth and development. 

Symptoms 

Symptoms of burrowing nematode are most readily observable as dark and necrotic lesions on the root system (Figure 1), Root 

systems can become stunted, unthrifty and necrotic in banana, lesions may be present in both the roots and outer layer of the 

rhizome. Aboveground symptoms of citrus and other plants infected by burrowing nematode include yellowing, stunting, 

dieback, reduced fruit size, and thinning of the canopy (Figure 2). Spreading decline of citrus can begin in small areas of citrus 

groves where a few trees demonstrate reduced thriftiness, canopy thinning near the crown and a reduction in fruit size. Banana 

toppling occurs when heavy infestations cause trees to fall over during periods of heavy rain or wind due to their severely 

reduced and damaged root system, which is unable to anchor the plant into the ground (Figure 3). Pepper fields suffering from 

burrowing nematode infestation will display yellowing symptoms coupled with root necrosis and canopy dieback. 

Fig 7: Banana roots infected 
by Radopholus similis. 

Fig 6: Spreading decline 
on citrus 

Fig 8: Toppling Disease caused by the 
burrowing nematode, Radopholus similis. 
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Identification 

Burrowing nematode exhibits marked sexual dimorphism (Figure 6). Male nematodes possess a raised lip region and a reduced 

feeding apparatus (stylet and esophagus) because they are not infective (Figure 7A). The tail of male burrowing nematode has 

a distinctive bursa extending at least two-thirds of the tail length that it uses to clasp the female body during mating (Figure 

7B). Females do not have a raised lip region, but do have a heavily sclerotized and thickened framework (Figure 8A). The 

female stylet is robust with three distinct knobs. The vulva, the opening of the reproductive system, is located slightly below 

mid body (Figure 8B). 

Management 

Many states within the United States and countries around the world have heavy import-export regulations on the movement 

of burrowing nematode. These phytosanitary regulations were enacted mainly by citrus and ornamental producing states and 

countries in order to protect their citrus and ornamental industries from the introduction of the citrus race of the nematode. 

The state of Florida, where the citrus race occurs, implements internal regulations and a citrus nursery certification program in 

order to prevent the dissemination of burrowing nematode with infected propagative citrus material. Additional ornamental 

certification programs are enacted to enable the Florida ornamental industry to export plants into national and international 

markets that regulate burrowing nematode. 

Preplant management practices after the removal of infected banana or citrus trees can have a significant impact on reducing 

and delaying reinfection of replanted trees. Mechanical residue removal is widely used, but can spread infected material. By 

chemically killing a plant before removing it from a field, it may be possible to drastically reduce population levels. Additional 

nematicidal treatments to the soil and weed control in fallow fields can further reduce populations of burrowing nematode 

during the typical one-year fallow period used for banana cultivation (Chabrier and Quénéhervé 2003). Alternatively, studies 

utilizing fungal endophytes that live within plants have shown some promise by inducing resistance to burrowing nematode 

in banana (Vu et al. 2006). 

While nematicides available for management of burrowing nematode have been continuously reduced, the only consistent 

means of management beyond cultural practices is the use of clean and resistant root stock or propagative material. Nematode-

free banana corms are obtained from tissue culture, but unless planted in land free from burrowing nematode this only delays 

infection in nematode-infested soils. The citrus nursery certification program implemented in Florida allows the production of 

clean seedlings, which when planted in land free of burrowing nematode, prevents nematode problems. Resistant and clean 

rootstocks (Carrizo Citrange) have been used successfully in replanting citrus orchards in the Florida Ridge, but resistance-

breaking nematode populations have been detected (Kaplan and O’Bannon 1985, Kaplan 1986). 

 

 

Figure 6: Radopholus similis, Female 
(A) and male (B). 

Figure7: Radopholus similis male 

head (A) and tail (B). 

Figure8: Radopholussimilis female 

head region (A) and full body with 

vulva [v] near midbody (B). 
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Introduction 

Now-a-days our climate is changing in such a manner that no one can predict what is going to happen in the next moment. 

Any deviation from normal physiological and developmental function of plants is called stress. Plant stress factors are mainly 

categorized into two main groups; such as abiotic factors and biotic factors. The abiotic factors include the different 

environmental factors that affect plant growth (such as light, water, and temperature), while the biotic factors are the other 

organisms that share the environment and interact with the plants (such as pathogens and pests). Among the different abiotic 

stress always drought proves to be very severe. 

What is drought? 

A drought or drouth is a natural disaster of below-average precipitation in a given region, resulting in prolonged shortages in 

water supply that may be atmospheric, surface water or ground water. A drought can last for months or years or may be 

declared after as few as 15 days. Now-a-days drought has emerged as a serious threat for agriculture and horticulture.People 

tend to define droughts in three main ways on the basis of amount of rainfall. 

1. Based on amount of rainfall  

a. Meteorological drought-When rainfall is below 25% of actual rainfall. 

b. Agricultural drought-When rainfall is too low to cause soil moisture depletion in the root zone of crop plant. 

c. Hydrological Drought-Shortage of water resources for example; ground water, reservoir or stream levels are 

significantly reduced. 

2. Based on duration 

a. Short term drought-Only the top layer is affected may vary for some days. 

b. Long term drought-Bottom layer is affected and may last for many days even for some weeks. 

3. Based on uptake of water from soil 

a. Physical Drought-There is an actual shortage of water due to limited or non-availability of water like rain fall or 

irrigation. 

b. Physiological Drought-Soil water is available but plants are unable to absorb from soil. 

Plant Metabolism During Drought 

1. During drought, water potential in the leaf tissue decreases resulting decrease in turgor pressure, ultimately the solute 

potential increases in the cytocel and extracellular matrix. 

2. ABA accumulation will take place. 

3. There will be formation of another type of m-RNA and protein which will further aggravate the drought condition. 

4. During such period cell enlargement period is more harmful and serious as compared to cell division and maturation period. 

There will be over production of reactive oxygen species (ROS) and formation of radial scavenging compounds like ascorbic 

acid and glutathione. (Wu et al., 2008). 

Impact of Drought on Several Fruit Trees 

1. Growth/Tree establishment 

a. Drought always reduces total crop yield and quality. 
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b. Mild or late season drought has less impact on tree growth. 

c. Negative impact on tree growth, shoot basal diameters, leaf size and shoot length etc. 

2. Fruit 

a. Reduces the sugar-acid ratio. 

b. Deep suture disorder, Fruit doubling. 

c. Moderate stress advances fruit maturity. 

d. Severe stress delays maturity (5-10 days). 

3. Root 

a. Roots are less sensitive than shoots. 

b. It will confine the roots up to 1-1.5 m of the ground layer.  

4. Nutrition 

a. There will be no impact on nitrogen and phosphorus. 

b. Increase in magnesium and manganese content. 

c. Decrease in Calcium, Potassium and Boron content. As a result, fruits 

develop bitterpit, cork spot etc. 

Impact on Storage Potential 

1. In drought condition starch content of fruit is converted to sugar resulting in lesser 

shelf life. 

2. Actually starch accumulate in apple from about 50 days after full bloom until fruit 

maturity and is converted to sugar in the matured fruit. These harvested fruits having little starch content will not store well 

and soften earlier. 

Colour 

1. Sugar is the building block for red pigment in many of the fruits like in apple skin. 

2. Anything that reduces photosynthesis may delay red colour development. 

Deep suture disorder in 
Apple 

Bitterpit in Apple 

Fig 3: Wilting symptom in grape vines 

Fig 4: Fruit splitting in pomegranate and citrus Fig. 5-Sunburn in orange 
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Response of Some Fruit Crops to Drought 

1. Quality of fruit is adversely affected in terms of size and shape. 

2. Periodic drought – Enhance flowering and fruit production (mango, avocado, rambutan, guava, citrus) .                                                                 

3. Moderate stress improves the quality of the fruits (apple, plum, cherry, peach, mango, sapota). 

Sl No. Crops Response Reference 

1. Grape Fruit High rind thickness.Low sugar-acid ratio. Melgar et al., 2010 

2. Grapes Wilting, leaf scorch, death of shoot terminals and tendrils. Olivier et al., 2014 

3. Orange Winter drought stress delay flowering, prevent fruit 

loss.Plant height was reduced up to 25% in case of seedling. 

Melgar et al., 2010 

4. Apple Drought stress during mid-season reduces the shoot growth 

in young trees 

www.ces.ncsu.edu 

 

Drought Tolerance Mechanism in Fruit Plants 

1. Drought escape is the ability of plants to adjust their growth period or lifecycle to avoid the seasonal drought stress. For 

example-In field-grown clones of Robusta coffee, leaf shedding in response to drought stress occurred sequentially from older 

to younger leaves, suggesting that the more drought sensitive the clone, the greater the extent of leaf shedding. 

 

2. Dehydration avoidance It consists of mechanisms that reduce water loss from plants, due to stomatal control of 

transpiration, and also maintain water uptake through an extensive and prolific root system. 

For example, fruit crops like ber, bael, custard apple, phalsa, datepalm, tamarind etc. can be grown in xerophytic conditions. 

Dehydration avoidance includes water savers as well as water spenders. 

a. Water savers- Such plants keep their stomata close during day time even if water availability is more. 

b. Water spenders- Such plants absorb water from the deep of soil. Plant keep their stomata open during day period. 

 

3. Dehydration tolerance is a mechanism to maintain water relations under osmotic stress. It involves the accumulation of 

soluble solutes like sugars, sugar alcohols, proline, glycine, organic acids, calcium, potassium, chloride ions etc. It allows the 

cell to decrease osmotic potential and as a consequence increases the gradient for water influx and maintenance of turgor 

pressure.  

For example- Hexose sugars particularly glucose have been reported as contributing directly to osmotic adjustment in Fragaria 

chiloensis. 

Mitigation of Drought Stress 

1. Drought tolerant varieties: They should possess drought tolerance mechanism like deep root system (ber, datepalm), leaf 

shedding (ber), water binding mechanism (fig), presence of thorn (karonda), leaf orientation (aonla) and well-formed canopy 

(kinnow). 

2. Foliar application of nutrients because foliage will respond better than the roots. 

3. Anti transpirants  

4. Plant growth regulators: Application of Paclobutrazol (10 mg/l) is used to avoid moisture stress in mango and exogenous 

application of jasmonic acid induced drought tolerance by increasing the betaline level in pear. 

5. Mulching: Tolerant rootstock 
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Summary 

Drumstick tree, botanically called “Moringa oleifera”, commonly known as the horseradish tree, ben oil tree, miracle tree, and 

mother’s best friend, is quite known for its multi-purpose attributes, wide adaptability, and ease of establishment. All the parts 

of this plant are used for various purposes for which it is praised to be a ‘tree of life’. The leaves, pods and flowers are packed 

with nutrients important to both humans and animals. It is widely naturalized in several countries in the tropics. Owing to its 

multipurpose role, focus should be given on further research for its improvement and commercial utilization. 

Introduction 

Moringa oleifera Lam., a perennial, medium sized tree species is an important species due to its multipurpose usage. It is well 

adapted to dry and hot climates of north-western plains, central India and dry regions of peninsular India. It is referred to as 

by various names such as drumstick, horse radish tree, radish tree, and West Indian Ben. The moringa tree is an important crop 

grown in India, Ethiopia, Sudan, and many countries in Asia and Central America, where its parts, from roots to seeds, are 

used for industrial, food, and medicinal purposes. The name drumstick is derived from the shape of the pod, resembling the 

slender and curved stick used for drum beating. And the name ‘radish tree’ probably originates from the pendulous, slender 

and thin shape of the immature fruits of the tree resembling the siliqua of the radish. Moringa obtains its name from the Tamil 

word, “murungai”, which denotes twisted pod. This humble vegetable is extensively used in Indian culinary dishes as well as 

for various medicinal purposes. Drumstick is praised to be a tree of life as almost all the parts of this tree are beneficial and 

used for various purposes. The edible parts of the tree include leaves, stalks, stems, immature green fruit or seed pods, aromatic 

flower and young seeds as well as roots. The multiple potentials of moringa have tempted the researchers, extension workers, 

development agencies, and farmers in various regions of the world. 

Origin 

Moringa has been originated in India and Arabia. It is widely cultivated in several countries in the tropics. The genus Moringa 

(family Moringaceae) has more than 13 species of which two species viz. M. oleifera Lam. and M. concanensis Nimmo occur in 

India. M. oleifera (the drumstick tree, horse radish tree, West Indian Ben) is a fast-growing, deciduous, medium sized and 

drought-resistant tree distributed in the sub-Himalayan tracts of northern India and in the tarai tract of Uttarakhand, foothills 

of Himachal Pradesh, Sikkim and parts of northern Uttar Pradesh in India. The tree is widely cultivated in the tropics and sub-

tropical regions of the world. The other species M. concanensis, is a small tree that resembles M. oleifera but grows wild in India. 

Botany 

Moringa, a slender, deciduous tree grows to a height to 10-12 m, drought hardy and fast growing. The tree consists of a shady 

canopy with attractive tripinnate ferny foliage, making its presence appealing. Flowers are small, waxy, creamy white in colour, 

fragrant with yellow stamens, formed in clusters on terminal portion of stems. Pod is round and long tapering at both ends, 30 

to 120 cm long and 1.8 cm wide; looks like a three-sided brown capsule with a dark brown globular seed having three whitish 

papery wings. The shell of the pods splits into 3 sections revealing a neatly packed row of round and wing edged brown seeds. 

Young shoots have purplish hairy bark and branches are drooping and fragile; leaves are tripinnate, 30 to 60 cm long with 3 to 

9 leaflets on the ultimate pinnules, giving it a feathery foliage look. The aromatic flowers are surrounded by five unevenly, 

yellowish-white petals. Moringa is a sun-loving plant that can withstand the dry climate and can be grown using very minimal 
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irrigation. Pods split lengthwise into three parts when dry. The main root is thick. The tree flowers and produces pods and 

seeds throughout the year under favourable climatic condition. 

Propagation 

Propagation is done by seeds provided the seeds must be fresh to assure good germination. Warm temperature is important 

for germination. Vegetative propagation is also commonly practiced by stem cuttings of 10-60 cm long, planted in spring and 

summer season. Young trees are planted in well-drained soil in sunny and frost-free condition. Trees prefer to grow extensively 

in tropical, sub-tropical and warm areas. Young trees are pruned regularly to keep the bush height of 1-3 meters. Plants raised 

from seeds produce fruit of inferior quality. In India, large limb cuttings of 100 to 135 cm long and 14 to 16 cm in circumference 

are planted in situ in the rainy season. • ABA accumulation will take place. 

Nutritional Value of Drumstick per 100 grams 

1. Energy- 64 kcal 

2. Carbohydrates- 8.28 g 

3. Dietary fibre- 2.0 g 

4. Fat-1.40 g 

5. Protein- 9.40 g 

Vitamins Minerals 

Vitamin A- 378 μg Calcium- 185 mg 

Thiamine (B1) - 0.257 mg Iron- 4.00 mg 

Riboflavin (B2) - 0.660 mg Magnesium- 147 mg 

Niacin (B3) - 2.220 mg Manganese- 0.36 mg 

Pantothenic acid (B5) - 0.125 mg Phosphorus -112 mg 

Vitamin B6- 1.2 mg Potassium- 337 mg 

Folate (B9) - 40 μg Sodium- 9 mg 

Vitamin C- 51.7 mg Zinc- 0.6 mg 

Various Benefits of Drumstick Tree 

Drumstick is one of the rare plant species whose seeds, flowers, leaves, and stems are all edible and extremely nutritious. 

Moringa is treated as a ‘super plant’ for its unique yet powerful properties that combat many ailments in our system. 

1. Drumstick pods and leaves are a storehouse of essential nutrients such as calcium, iron, zinc, selenium and magnesium.   

2. Fresh pods and seeds are a great source of oleic acid, which is a healthy fatty acid known to promote healthy heart.  

3. Moringa leaves is heaped with a good amount of protein of about 9.8 gram per 100 grams. Dry powdered leaves are also 

utilized containing good quality essential amino acids.  

Drumstick Tree Drumstick Pods Drumstick Flowers Drumstick Leaves 
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4. The various vitamins and minerals present in drumstick stem help in maintaining an optimum blood-glucose level; hence 

highly recommended for diabetic people. 

5. Moringa also prevents acne and other skin related problems. It purifies blood which helps flushing out of all the impurities 

present in it. 

6. It is mostly advised to consume Moringa during the month of March- April, because of its medical properties to provide 

immunity against chicken pox. 

7. Consumption of drumstick has also resulted in improving bone health due to the presence of adequate amount of calcium 

and iron. 

8. Drumsticks are an excellent source of vitamins like niacin, riboflavin and vitamin B12, which are known to play a vital role 

in improving our digestive health.  

9. Drumsticks have anti-inflammatory properties and good amount of vitamin C which helps in inhibiting the growth of 

allergies in the respiratory tract. 

10. The mature seeds yield edible oil called ben oil, which is odourless and resists rancidity. Seed cake after oil extraction can 

be used as manure or as a floc to purify water.  

11. The shredded root of the tree having a distinct flavour is also used as a condiment.  

12. High on vitamin C and antioxidants, drumstick helps to combat against common cold, flu and several other common 

infections. The anti-inflammatory and anti-bacterial properties of drumstick assists in lessening the symptoms of asthma, 

cough, wheezing and other respiratory problems.  

13. Regular addition of drumstick in the diet help in reducing the formation of stones in the kidney and bladder. The presence 

of a good amount of antioxidants might help in clearing the toxins from the kidneys. 

14. Moringa oil and leaf powder work as an amazing natural remedy to minimise wrinkles, blemishes and firm up the skin 

tone.  

15. Moringa also has several agronomic and horticultural uses. Perhaps the most common use is as hedgerows or field borders 

serving as a living fence or providing windbreak. In some parts of Southeast Asia, the tree is used to support cultivation of 

climbing crops such as yams, pole beans, and black pepper. 

Conclusion 

Thus M. oleifera is considered to be the best-known and widely distributed and potential tree species among the genus. It is a 

multipurpose tree with agronomic, horticultural, medicinal, nutritional, as well as industrial uses. Owing to rich nutritional 

content in fruit, leaf and other plant parts, it deserves attention of the researchers for its improvement and commercial 

cultivation. It has been the subject of great interest and research throughout the tropics and subtropics. Research and 

development efforts are needed to explore the potential of moringa. 
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Introduction  

Dairy farming is one the biggest occupation in Indian farming system especially for the landless poor farmers. Good calf rearing 

practices are the foundation of building out a good performing dairy replacement herd. Profits of a dairy farm depends on 

various factors such as yield of animal and production length of animal, number of calves it produces in its lifetime, feed cost 

and management etc. For regular reproduction and production nutrition and health care is very important. Calf mortality is 

important economically in dairy and beef herds. The economic losses are direct and indirect. Direct losses are those derived 

from the loss of the calf, planning and labor already invested by the herdsman, and veterinary expenses from obstetric and 

post-natal care. Indirect losses are infertility, chronic disease, and impaired development of the calf. So, the care should be 

taken during perinatal period especially 2 months before and after parturition, in which most of calf mortality takes place. One 

calf a year is the sole target of a farmer to get better profits. So, losing a calf is big loss for the farmer and a long wait for next 

calf to born. So, to tackle out the neonatal mortality management should be proper. 

Care of Newborn Calf Before Birth 

Provide well balanced ration during pregnancy stages especially during last 2 months of gestation period. Proper dry off period 

should be provided to cow for proper development of fetus. Proper vaccination deworming protocol should be followed. 

Care of Newborn Calf During Birth 

From 12 to 24 hours before the calving the cow needs to be brought to the calving area. Wash the cow before entering the 

calving area. The number of calving pens required on a farm depends on the number of breedable cows and heifer, generally 

5- 10% of this number. Calving area should be calm, clean and well ventilated. Minimum surface area of calving area should 

be 12 m2 (3 x 4 m). First sign in calving is pure discharge from vagina. If the discharge is bloody or parturition is delayed than 

immediately consult veterinarian. 

Care of Newborn Calf After Birth 

The golden hour: The first hour after calving is the most critical period in the entire life of new born calf. Wipe all the mucus 

or fetal membranes from around the nostrils & ensure calf is breathing normally. Allow the mother to lick the calf clean which 

promotes circulation within the calf’s body and prepares the calf to stand up and walk. Cut the navel one to two inches from 

the stalk, squeeze out the contents, dip the navel in 7% tincture of iodine ligate it using clean thread to prevent local infection. 

A new born calf should be given 2 litres of colostrum within the first 2 hours of birth and 1-2 liters (based on size) within 12 

hours of birth. House the young calves in clean and comfortable pens well protected from hot and cold. To boost disease 

resistance, provide Iron and vitamins A, D & E orally or by injection soon after birth. This is especially useful in weak/anemic 

calves. Restrict unnecessary movement of persons/outsiders in the calf pens. Calf replaced to isolate box to facilitate 

management, nursing, observation and to prevent disease spreading. Disinfection of the umbilical cord and navel for a week 

should be done. After 2 weeks calves are moved to live as a group in consideration to their ages. Continue in these pens till 

weaning provided by milk, ration and water. Dehorn young calves, unless they adversely affect the value of the animal, reduces 

the risk of injury to the workers and herd mates. It should be done within 15 days after birth. It is better done using electric 

dehorner. Identify the calves by tattooing in the ear. De-worming should be done within 10-14 days of age subsequently on a 

monthly basis up to the 6th month. When the animal is 3 months old, contact the veterinarian for vaccination. 
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Three Most Frequent Health Threats to New Born Calves 

1. Omphalitis (naval ill): Inflammation of navel due to infection by bacteria. Occurs due to the infection entering into umbilical 

cord at, or soon after, birth. Some of the common signs seen are swelling of navel, pain reaction, fever and pus discharge from 

naval region. Can be prevented by maintaining clean environment. 

2. Enteritis (diarrhea): Scour is watery fasces indicate that calf gastrointestine cannot absorb water from igesta.  Multiple enteric 

pathogens (e.g., viruses, bacteria, and protozoa) are involved in the development of this disease. Treat the initial cause and 

give fluid therapy to avoid dehydration. Housing individually in raised platforms is more effective in prevention of diarrhoea 

than in groups. 

3. Pneumonia: Common signs seen are dull and depressed, high temperature raised breathing due to lung damage, nasal 

discharge, and coughing and reduced food intake.  Improved husbandry, ventilation and good nursing care can all reduce 

risks of pneumonia. 

Milk Feeding of Calves 

The milk is to be warmed up to the body temperature before feeding. On an average calf are to be fed with milk @: 

1. 1/10th of body weight up to 4th weeks of age including the colostrum’s feeding from 0-4 days 

2. 1/15th of body weight during 5th and 6th week 

3. 1/20th of body weight during 7 – 8th week 

The calf starter provided at the rate of 300 gm per day starting from 2nd week of age and increased @ 200gm / wk. till it 

becomes 1.5 kg per calf per day. 

Colostrum Feeding 

Colostrum is the milk secreted by the udder immediately after parturition and for 2 to 3 days. The calf is born 

agammaglobulinemic and so depends almost entirely on the absorption of maternal immunoglobulin’s (Ig) from colostrum 

after birth. The absorption of maternal Ig across the small intestine during the first 24 hours after birth, termed passive transfer, 

helps to protect the calf against common disease organisms until its own immature immune system becomes functional. It is 

rich in vitamins A and D. It acts as a natural purgative for the young animal. Colostrum must be fed within hours of the calf’s 

birth. If colostrum is not available, calf is to fostered by other mother cow and if foster mother is also not available provide 

artificial colostrum (Table 1). 

Table 1: Artificial Colostrum Ingredients 

Ingredient Amount 

Warm water  275 ml  

Raw Eggs (55g)  1  

Castor oil  3 ml  

Vitamin A  10000 IU  

Warm whole milk  525 ml  

Antibiotics  80 g  

 

Calf Starter 

Calf starter has been evolved for use with limited whole milk. It is offered from 2nd week to 3 months of age with the main 

aim for an early development of rumen. It is a solid feed mixture of grains, protein feeds, minerals, vitamins and antibiotics. 

Should contain high Energy i.e. 75% TDN, 24% protein and fibre should be less than 7%. Antibiotics help in preventing calf 

scour. 

Milk Replacer 

Milk replacer is a constituted feed through cheaper ingredients which resembles the biological and chemical composition of 

milk. It is usually fed in gruel form. It should contain 22% crude protein and very less fibre. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            212 | P a g e  
 

Weaning 

Weaning is a critical period in the life of the young animal unless carried out with care. It has, however, been suggested that 

calves should not be weaned until they double their birth weight or are at least 80 kg. Gradually increase the amount of other 

feed consumed. This allows them to be completely weaned at a younger age. Calves should not be weaned until they are 

consistently consuming 1Kg of starter ration per head per day. Early and late weaning has no effect on milk yield it just affect 

the body growth/weight gain. Late weaned animal gains more weight than weaned early. 

Conclusion 

The calves of today are the milking cows of tomorrow; this is the state of mind in which farmers have to raise their calves. 

Farmers have to know that by giving their calves individual care and proper attention, they will be able to earn more money. 

It has been proven that calves which have been raised in a good way have a higher life time production. Generally spoken, 

they produce more milk and they live longer. Good care will also result in healthier calves and less dead calves on the farm. 

Besides, it will reduce the costs for the veterinarian and the cost for medicine. So, for better production, growth and health of 

calves the famers should keep in mind the principles of management of calves. 
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Biochar: An Organic Soil Booster 

Article id: 23676 

Rahul Chopra: Department of Natural Resource Management College of Horticulture and Forestry, Jhalawar. 

 

Soil is the backbone of agriculture. A healthy soil fulfills the nutritional requirement of a plant. It can be say that healthy soil is 

the foundation of crop productivity. But now a day’s soil health degraded day by day. Indian population increasing very fast, 

it is estimated that population of India reached at 1.412 billion in 2025 and to 1.475 billion in 2030. To feed the population we 

have to adopt intensive agriculture system. Farmers adopted it. After adopting intensive agriculture system food grain 

production increased but its side effects began to emerge. 

As we know that plant uptake their nutrients form organic matter and soil minerals. Continues intense farming practices 

degrade the organic matter and other soil properties (Bot and Benites, 2005). In modern agriculture, farmers are growing crops 

very intensively without any soil management practices. Because of this habit soil organic matters as well as plant nutrients 

are declined. Now the situation is that every soil’s are deficient in organic matter content and other plant nutrients. Poor soil 

management practices, indiscriminate use of agrochemicals and decreased nutrient recharge capacity in soil not only reduce 

the soil quality but also increase the environmental pollution.  

Soil organic matter is the indicator of soil fertility and quality. To maintain the soil quality and fertility for longer period of 

time, it is necessary to adopt best soil management practice such as crop rotation, balanced nutrient management, improved 

agronomical measures, use of organic inputs etc. Use of organic amendment is the important source to improve soil organic 

matter content and soil quality. Among several organic amendments, biochar is the new way to improve soil quality 

sustainably. There are two important aspects which make it superior than other organic amendments, first- it is highly stable 

and remain in soil for longer period of time, second – high nutrient retention capacity.  Use of biochar increase the carbon 

content as well as nutrient in soil and improve the soil fertility. 

Biochar 

Biochar is fine grained, porous and carbon rich product which is produced by pyrolysis of biomass (Lehmann and Joseph, 

2009). 

Basic Properties of Biochar Products (CRIDA, 2009) 

Properties Maize Stalk Cotton Stalk Castor Stalk Pigeon Pea Stalk 

Total organic carbon (g kg-1) 520 710.0 577.0 720.0 

Total inorganic carbon (g kg-1) 2.5 5.7 15.0 31.6 

Total nitrogen (g kg-1) 13.4 9.8 12.0 14.4 

Total phosphorus (g kg-1) 4.0 4.6 2.0 4.1 

Total potassium (g kg-1) 4.7 4.0 4.0 4.1 

Maximum water holding capacity % 590.51 382.84 374.89 385.27 

CEC (Cmol kg-1) 16.9 46.28 31.09 14.0 

 

Impact of Biochar on Soil Health 

Application of biochar improves soil physical, chemical and biological properties as follows: 

1. Physical Properties 

a. Decreases the bulk density of soil. 

b. Improve soil structure. 

c. Improve water holding capacity. 
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d. Improve soil aeration. 

2. Chemical Properties 

a. Important source of carbon sequestration. 

b. It improves problematic and nutrient poor soils. 

c. It reduces greenhouse gas emissions. 

d. Reduce the need of fertilizer. 

e. Reduce the soil acidity. 

f. Reduce the heavy metal toxicity and increase cation exchange capacity. 

g. Enhance the fertilizer use efficiency. 

h. Improve soil fertility. 

i. Biochar increases the availability of carbon, nitrogen, phosphorus, potassium. Calcium and magnesium to plants. 

j. Reduces the leaching of nutrients. 

k. Biochar reduce the impact of harmful agro chemicals and complex nitrogen fertilizers from the soil. 

l. Improve cation exchange capacity. 

m. It reduces the soil borne pathogen. 

n. It acts as liming material to reduce soil acidity. 

3. Biological Properties 

a. Improve soil microbial population. 

b. Improve enzymatic activities. 

c. It helps to improve biodiversity. 

d. Biochar provides favorable microhabitats by protecting them from drought competition and predation. 

e. Increase biological nitrogen fixation. 

Significant Results of Biochar  

1. Glaser et al., 2002 reported that application of biochar increases the CEC 50%. 

2. Gaunt and Cowie, 2009 concluded that application of biochar improves (10-30%) NUE. 

3. Lehman and Rondon, 2006 reported that application of biochar increases the biological nitrogen fixation 52-72%. 

4. Rondon et al., 2005 showed that application of biochar decreases the methane emission 100%. 

Amount and Frequency of Application 

Application rate of biochar depends upon soil testing, nature of biochar, type of soil and type of crops. As per several studies 

and published data 5-50 tonnes/ha biochar with best nutrient management give positive results (Chan et al., 2007, 2008; Major 

et al., 2010b). One thing should be kept in mind that most of biochar not the substitute of fertilizers so without adding fertilizers 

with biochar cannot be expected positive results. 

As all know that biochar is recalcitrance to decompose in soil. It remains in soil for longer time. So, one-time application of 

biochar enough for several growing season (Steiner et al., 2007; Major et al., 2010b). Biochar can provide beneficial effects for 

longer period of time. 

Method of Application 

Fine particles of biochar are susceptible to wind and water erosion. So, precautions must be taken before application. Methods 

of application are varying with cropping system. So, when decide to apply, cropping system must be taken into consideration. 

Specific cropping system required specific method of application. Following methods could be practiced according to specific 

cropping system: 

1. In Conventional Field Crop System 

a. Mixing in top soil. 

b. Broadcasting. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            215 | P a g e  
 

c. Incorporation to a depth of 10-15 cm by using hand hoe. 

d. Band placement. 

e. Mixing with other solid and liquid amendments/manures. 

2. In Horticultural Crops 

a. Application of biochar to individual plants while transplanting. 

b. Application of biochar while preparing raised beds. 

Conclusion 

In modern agriculture era it is very necessary to maintain soil health carefully and sustainably. Use of biochar is the excellent 

way to improve soil fertility, soil quality and remediate contaminated soil. Application of biochar increases the carbon content, 

nutrient use efficiency, reduce greenhouse gas emission, as well as increase crop productivity. Hence, it can be concluded that 

biochar has the potential to improve soil physical, chemical, biological properties and crop yield without affecting 

environmental condition. 
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Introduction 

Water required for irrigation of cropped land is being degraded in terms of quantity and quality due to ever-increasing demand 

for the use of water in the contemporary societies. Furthermore, the crop productivity is linked both with the quality of soil 

and the quality of the water available for irrigation. In general, evaluation of irrigation water quality should focus on salt 

content, sodium concentration, the occurrence of nutrients and trace elements, alkalinity, acidity, and hardness of the water. 

Every year throughout the globe salinity leads to the loss of fertile soils. Groundwater is the leading source of water supply for 

domestic, industrial and agricultural sectors of many countries situated in arid zones. In identifying water availability for 

irrigation, knowledge is required on both the quantity and quality; nevertheless, quality need has often been neglected 

especially in developing countries. Quality should generalize how substantially a water supply fulfils the needs of the planned 

user and must be assessed based on its suitability for the proposed use. 

The quality of water focuses on its suitableness for use. Maximum yields can be obtained if the water quality is good under 

proper soil and management conditions. The salt problem in soils occurs when the water applied for irrigation contains more 

soluble salts which get accumulated in the root zone as the plants absorb water thereby reduces yield. Severe water scarcity is 

arising in various parts of the world, particularly in arid and semi-arid regions. The overdependence on groundwater to meet 

ever-increasing demands of domestic, agriculture, and industry sectors has resulted in overexploitation of groundwater 

resources in these areas. The suitability of water for irrigation is determined by the concentrations of some elements that 

contribute to the specific conductance of groundwater. Particularly, higher concentration of sodium causes dispersion and 

swelling of soil which is inevitably unfavorable thereby leading to surface crusting decrease infiltration rates at the surface and 

reduce the hydraulic conductivity of the soil. 

Chemical and Physical Parameters 

It is well documented that the mineral composition of water has profound effect on soil structure and plant growth. Hence, the 

classification system to assess the quality of water for irrigation can be ascertained as explained below. 

Hydrogen Ion Activity or pH 

The parameter pH is the negative logarithm of hydrogen ion activity. The pH scale ranges from 0 to 14. If pH is less than 7 it is 

considered as acidic in nature, greater than 7 is alkaline and pH of 7 is treated as neutral. Therefore, pH is a measure of acidity 

or alkalinity of water. The principal use of pH is quick evaluation of the possibility of water being normal or abnormal. The 

normal range of irrigation water is from pH 6.5 to 8.4. The pH of water changes with the production of hydrogen or hydroxyl 

ion in different chemical reactions. Acid water has the potency to be corrosive to plumbing and faucets especially when the pH 

is below 6. As the pH of the irrigation water increases above 8.2, the potential for sodium problems enhances. The higher pH 

of groundwater may be due to considerable sodium, calcium, magnesium, carbonate and bicarbonate concentration as 

carbonates and bicarbonates are hydroxyl generating ions. 

 

Electrical Conductivity 

The term "electrical conductivity" is synonymous with "specific electrical conductance." The standard unit for conductivity is 

mhocm−1 but is also represented by dSm−1. Electrical conductivity is usually used for indicating the total concentration of the 

ionized constituents of natural water. It is closely related to the sum of the cations (or anions) determined by chemical analysis 

and, therefore, correlates, well with the value for dissolved solids. Salinity alters accessibility of water to crops. Osmotic 
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pressure of the soil water is increased by the excess salts thereby reduces absorption of water by plant roots, which results in a 

physiological drought condition. Even though the soil appears to have enough moisture, the plants may wilt because the roots 

do not absorb sufficient water to compensate for the water loss by transpiration. For diagnosis and classification, specific 

conductance is used to express the total concentration of soluble salts (salinity hazard) in irrigation water. Electrical 

conductivity has been universally accepted as a standard measure of water quality, but there is a great degree of variability in 

choosing the water classes on this basis. 

Total Dissolved Solids (TDS) 

The mineral components dissolved in water comprise dissolved solids. TDS are determined by evaporating the filtered sample 

of water to dryness, thereafter, weighing the residue. The concentration of dissolved solids in natural water is normally less 

than 500 mg/l, however, water with greater than 500 mg/l is unsuitable for drinking and many industrial uses. Therefore, the 

total concentration of dissolved minerals in water is a universal indication of the over-all suitability of water for various uses. 

The high TDS concentration in groundwater may be due to the occurrence of bicarbonates, carbonates, sulphates, chlorides 

and calcium. The methods which remove TDS are reverse osmosis, electrodialysis, exchange and solar distillation process. 

High value of TDS influences the taste, hardness, and corrosive property of the water. The total dissolved solids are of great 

significance in determining the quality of water as these indicate hardness of water. 

Sodium Adsorption Ratio (SAR) 

Sodium adsorption ratio (SAR) is the effective factor or parameter used for ascertaining the suitability of groundwater for 

irrigation purposes. Based on SAR values, irrigation water is classified into different classes which indicates that SAR value 

between 0-10, i.e., low sodium water poses almost no risk of exchangeable sodium, medium sodium water having SAR 10-18 

can show considerable hazard, while on the contrary, high and very-high sodium water with SAR 18-26 and greater than 26, 

respectively are regarded as unfavorable as they can lead to detrimental levels of exchangeable sodium in soils. Sodium 

Adsorption Ratio is calculated by the equation, 

                            Na+ 

SAR  =              Ca2++ Mg2+ 

                          2 

 

where all ionic concentrations are expresses in meql−1. Ayers and Westcot reported that irrigation water having SAR values 

greater than 6-9 may induce permeability problem in swelling and shrinking types of soils. In case of sensitive fruits, the 

tolerance limit of sodium adsorption ratio in irrigation water should not exceed 4, however, for general crops and forages a 

range of 8-18 is usually regarded as utile. 

Residual Sodium Carbonate (RSC) 

For agricultural purposes, residual sodium carbonate (RSC) is usually used to ascertain the dangerous effect of carbonate and 

bicarbonate on the quality of water. Naseem et al. reported that pH, EC and SAR of the irrigation water are significantly 

influenced by RSC. The continuous usage of water having high RSC will cause burning of plant leaves and reduces the yield 

of crops. Because of high concentration of bicarbonate in the water, the propensity for calcium and magnesium to precipitate 

increases as the water in the soil becomes more concentrated ensuing the decrease of permeability and finally leads to poor 

internal drainage of the soil. The term RSC was suggested by Eaton and is calculated by 

RSC (me L-1) = (CO3-- +HCO3-)- (Ca++ +Mg++) 

The land irrigated with water having high RSC assumes high pH; makes the soil infertile because of deposition of sodium 

carbonate as is recognized from the black color of the soil. Continuous irrigation with waters having RSC greater than 2.5 

meqL−1 results in salt development which impedes the movement of air and water by clogging the soil pores. 
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Infiltration 

Infiltration is an important physical property which determines the water intake and surface run off the soil. The water with 

high salinity will increase infiltration whereas water having high SAR will decrease infiltration. Oster and Schroer reported 

that slight infiltration problem occurred when ECW and SAR values were between 6-14 mScm−1 and >35 meqL−1, respectively. 

Lime Deposition Potential (LDP) 

A special parameter, called as Lime Deposition Potential (LDP) is assessed to evaluate LDP from composition of cooling water. 

Lime deposition potential (LDP) is lime deposition when calcium or magnesium carbonates (lime) precipitate out of the 

irrigation water, which leave behind white residues or deposits. Increasing temperatures, increasing pH, loss of carbon dioxide 

in the water and evaporation are the factors which are responsible for lime deposition. Water with high LDP usually results in 

the formation of a spot of lime on fruits, which detract the value of crop. 

Chloride 

Owing to its high solubility in water chlorine exists as chloride ion and is the predominant natural form of chlorine. Chloride 

salts are more harmful than sulphate. The concentration of chloride in natural waters is somewhat low except the water is 

brackish or saline. In groundwater the origin of chloride may be from diverse sources such as weathering, leaching of 

sedimentary rocks and soils, intrusion of saltwater, windblown salt in precipitation, domestic and industrial waste discharges, 

municipal effluents, etc. In groundwater the concentration of chloride ion up to 70 mg L−1 is considered safe and causes severe 

problem in the crops at concentration >350 mg L−1. The concentration of chloride in groundwater is best to study water-rock 

interaction. 

Boron 

Boron in soil solution may be detrimental to several crops. Boron is a micronutrient, therefore, necessary for growth of plants. 

However, slight excess of this element in the irrigation water or in soil solution can produce toxicity symptoms in certain crops. 

The presence of naturally occurring boron in groundwater is primarily due to the leaching from rocks and soils containing 

borates and borosilicate’s. The possible sources of boron contamination in water resources are either natural (water rock 

interaction and seawater encroachment) or anthropogenic (sewage effluents and fertilizers. The concentration of boron in 

groundwater ranges widely from <3 to >100 mg/l throughout the world. McCarthy and Ellery proposed limits of boron 

concentration in irrigation water for semi-sensitive, semi-tolerant and tolerant crops as greater than 1.25, 2.5 and 3.75 ppm, 

respectively. The most sensitive crops can tolerate no more than 0.5-1.0 ppm of boron concentration. 

Nitrate 

During recent years, the pollution of groundwater by nitrates has been ascertained enormously across the globe. The 

concentration of nitrate greater than 45 mgL‒1 causes a disease in humans called as methemoglobinemia or blue baby 

syndrome. The possible origin of nitrate in agricultural areas include fertilizer, animal waste and mineralization of soil organic 

N (in plant residues, bacterial biomass and soil constituents). Due to intensive agriculture, large amounts of N fertilizers 

commonly urea, nitrate or ammonium compounds are applied which result in higher concentration of nitrate in the areas of 

intensive arable production. The amount of nitrogen in groundwater is educed from the biosphere. 

Magnesium Hazard (MH) 

Magnesium is an essential nutrient for plant growth and its deficiency causes yellowing and reduction in growth and yield of 

crops. The concentration of magnesium in water plays a pivotal role in deciding the quality of water for irrigation purposes. 

Magnesium hazard of water for irrigation is calculated by the formula. 

𝐌𝐇=
(𝐌𝐠𝟐+)

(𝐂𝐚𝟐+)+(𝐌𝐠𝟐+)
× 𝟏𝟎𝟎 

Magnesium hazard less than 50 is considered suitable for irrigation whereas greater than 50 is insidious and unsuitable for 

irrigation thus decreasing the yield of crops as soils become more alkaline. 
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Kelly’s Ratio 

Kelly’s Ratio was formulated by Kelly and is computed by dividing sodium ion concentration versus calcium and magnesium 

ion concentrations. 

𝐊𝐑=
(𝐍𝐚+)

(𝐂𝐚𝟐+)+(𝐌𝐠𝟐+)
 

where, concentrations of all ions were expressed in meqL-1. Waters with a KR value <1 is regarded suitable for irrigation, while 

those with higher values are considered unsuitable. 

Hardness 

Determination of water hardness is a utilitarian test to evaluate quality of water for domestic, agricultural and industrial uses. 

The hardness of water is generally caused by calcium and magnesium. However, total hardness of water can be classified into 

two types, i.e., temporary and permanent hardness. Since, the temporary hardness can almost be removed by boiling the water; 

nevertheless, the permanent hardness can be removed by boiling. Total hardness is the summation of temporary and 

permanent hardness. The hardness of water suggests the nature of the geological formations with which it has been in contact. 

The total hardness (as CaCO3) of water samples can be calculated using the following equation, 

[CaCo3] = 2.5[Ca2+] + 4.1[Mg2+] 

Sawyer and McCarty (1967) classified water that contains <75 mgL−1 CaCO3 as soft, 75-150 mgL−1 CaCO3 as moderately hard, 

150-300 mgL−1 CaCO3 as hard and >300 mgL−1 CaCO3 as very hard. 

Conclusion 

Evaluation or supervising ground water quality for irrigation purposes is of paramount importance in semi-arid and arid 

regions of globe, particularly in the developing countries like India owing to burgeoning population, expansion of irrigated 

farming and mushroom growth of industrial settings. The groundwater contamination due to salinization is major issue which 

can be triggered by various processes, viz., intrusion of seawater, pollution by agrochemicals, geogenic contamination and 

salinization induced by irrigation. Several indices mentioned above play a pivotal role in classification and assessment of 

groundwater quality. Since groundwater is a precious resource, therefore, there is a need to preserve and protect this valuable 

resource by following preventive measures to control the contamination. 

References 

1. As BG, Horneck DA, Stevens RG, Ellsworth JW, Sullivan DM (2007) Managing Irrigation Water Quality for Crop 

Production in. 

2. Ayers RS, Westcot DW (1985) Water quality for agriculture. Rome: Food and Agriculture Organization of the United 

Nations. 

3. Bhandari NS, Joshi HK (2013) Quality of spring water used for irrigation in the Almora District of Uttarakhand, India. 

Chinese Journal of Geochemistry 32: 130-136. 

4. Eaton FM (1950) Significance of carbonates in irrigation waters. Soil Science 69: 123-34. 

5. Ibrahim AK, Gadam AU, Usman A, Umar AH (2015) Suitability assessment of groundwater for drinking and irrigation 

use. IOSR Journal of Agriculture and Veterinary Science 8: 25-32. 

6. Kelley WP (1940) Permissible composition and concentration of irrigation water. In Proceedings of the American Society 

of Civil Engineers 66: 607-613. 

7. McCarthy TS, Ellery WN (1994) The effect of vegetation on soil and ground water chemistry and hydrology of islands in 

the seasonal swamps of the Okavango Fan, Botswana. Journal of Hydrology 154: 169-193. 

8. Mohammed MN (2011) Quality assessment of Tigris river by using water quality index for irrigation purpose. European 

Journal of Scientific Research 57: 15-28. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            220 | P a g e  
 

9. Naseem S, Hamza S, Bashir E (2010) Groundwater geochemistry of Winder agricultural farms, Balochistan, Pakistan and 

assessment for irrigation water quality. European Water 31: 21-32. 

10. National Technical Advisory Committee (NTAC) to the Secretary of the Interior (1968) Water quality criteria, U.S. 

Government Printing Office, Washington, D.C. 

11. Nishanthiny SC, Thushyanthy M, Barathithasan T, Saravanan S (2010) Irrigation water quality based on hydro chemical 

analysis, Jaffna, SriLanka. Am Eurasian J Agric Environ Sci 7: 100-102. 

12. Oster JD, Schroer FW (1979) Infiltration as Influenced by Irrigation Water Quality. Soil Science Society of America Journal 

43: 444-447. 

13. Richards LA (1954) Diagnosis and improvement of saline and alkali soils. USDA Hand Book, No. 60. 

14. SAI Spectrum Analytical Inc (2012) Guide to interpreting irrigation water analysis. 1087, Jamison Rd., Washington, Ohio, 

USA, p: 20. 

15. Sawyer CN, McCarty PL (1978) Chemistry for Environmental Engineering. NY: Mc-Graw Hill, p: 532. 

16. Szabolcs I, Darab C (1964) The influence of irrigation water of high sodium carbonate content of soils. In Proceedings of 

8th international congress of ISSS, Trans, II, pp: 803-812. 

17. Wicox LV (1955) Classification and Use of Irrigation Waters. US Department of Agriculture, Washington DC, Circular No. 

96. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            221 | P a g e  
 

Role of Rhizospheric Organic Compounds on Soil Behavioral Changes  

Article id: 23678 

Saptaparnee Dey: Division of Soil Science and Agricultural Chemistry, ICAR-Indian Agricultural Research Institute, New 

Delhi: 110 012. 

Sudip Sengupta: Department of Agricultural Chemistry & Soil Science, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, 

Nadia, West Bengal: 741 252. 

 

Introduction 

Diverse groups of organic compounds are produced at the plant rhizosphere (Dey and Sengupta, 2020). Root exudation mainly 

rhizodeposition clearly represents a significant carbon cost for the plant. Stimulation of heterotrophic microbial communities 

such as PGPR by root exudates will in return be beneficial for plant growth and health. Plant root exudation is thus a necessary 

short-, medium- and long-term investment. They can be grouped into: 

1. Nutrient Cycling: Plant root secretes acid phosphatase, hydrolytic enzyme, which helps in Phosphorus mineralization. 

However, Wasaki et al. (2005) demonstrated that acid phosphatase activity in the rhizosphere of cluster roots in Lupinus albus 

was predominantly of plant origin. 

2. Microbial Proliferation: These rhizospheric organic compounds help in microbial proliferation, increase the population of 

PGPRs, symbiotic and non-symbiotic N fixers, decomposers and thus help in nutrient cycling and other functions. 

3. Activation of Carbon Cycling: Plants stimulate the growth of rhizospheric microorganisms by releasing high amounts and 

different types of C from the roots (Haichar et al., 2012). Root exudation can have a major impact on nutrient acquisition by 

plants. Organic substances released from roots may also accelerate the decomposition of soil organic matter (SOM) and 

stimulate the dissolution of insoluble minerals by rhizosphere microorganisms. This so-called rhizosphere priming effect or 

microbial activation of nutrient cycling is based upon a stimulation of microbial activity in the rhizosphere by labile C released 

by roots (Jones et al., 2004). According to De Nobili et al.  (2001), even very low amounts of some primers such as root exudates, 

may promote soil organic matter (SOM) turnover leading to increase N or phosphorus availability to plants (Jones et al., 2004; 

Cheng et al., 2014). 

4. Potential to Cope with Pathogens: Plants, through the exudation of a wide variety of compounds, attract soil microbial 

communities, including pathogens, in their immediate vicinity. Plant roots are relentlessly attacked by pathogens via different 

strategies. 

5. Secretion of Antimicrobial Compounds: Plants host a broad range of natural products, many of which have evolved to 

confer selective advantage to cope with microbial attacks. Several studies have highlighted the existence of induced low-

molecular mass compounds, respectively referred to as phytoanticipins or phytoalexins, and the secretion of a battery of 

defence proteins with antimicrobial activity (Bais et al., 2006). For example, Walker et al. (2004) showed that during 

Pseudomonas aeruginosa infection sweet basil roots secrete rosmarinic acid (RA), a multifunctional caffeic acid ester that 

exhibits in vitro antibacterial activity against P. aeruginosa. Based on genomics data, it was shown that rice, corn, soybean, 

Arabidopsis thaliana and Medicago truncatula are able to produce antimicrobial indol, terpenoid, benzoxazinone and 

flavonoid natural products (Bais et al., 2006). 

5. Potential to Act as Signaling Molecules: A molecular interaction between the plant and symbionts initiates the symbiosis 

process mediated by the production of specific signalling molecules. Flavonoides can act as inducers for certain rhizobia species 

and antagonists for others (Cooper, 2007). Luteolin acts as signal for Rhizobia. It has been suggested that nod factor perception 

could induce certain flavonoids that inhibit auxin transport, causing local auxin accumulation at the nodule initiation site, 

leading to the initiation of nodule primordia (Mathesius et al., 1998; Boot et al., 1999). Biochanin acts as signal for growth of 
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VAM. Quercetin and strigolactone act as signals for spore germination and hyphal growth of AM mycorrhizal fungi (Xie et al., 

2010). Root cap cells and the root cap mucilage also appear to play a role in establishment of specific root–microbial interactions. 

Root cap mucilage of maize elicits a chemotactic response in strains of Azospirillum lipoferum isolated from maize rhizoplane, 

but not by strains isolated from rice rhizoplane (Mandimba et al., 1986).  Root cap cells, also called border cells when detached 

from the roots, carry host-specific traits into the rhizosphere and contribute to establishment of a characteristic rhizosphere 

bacterial flora, or suppress certain soil-borne root pathogens. 

6. Nitrification Inhibition: Regulating nitrification could be a key strategy in improving N recovery and agronomic N-use 

efficiency in situations where the loss of N following nitrification is significant (Subbarao et al., 2009). Certain plant can 

suppress/slowdown soil- nitrification by releasing inhibitors from roots, a phenomenon termed biological nitrification 

inhibition (BNI) (Subbarao et al., 2006). A number of species including tropical and temperate pastures, cereals and legumes 

were tested for BNI in their root exudate. There was a wide range in BNI capacity among the 18 species tested; specific BNI 

ranged from 0 (i.e. no detectable activity) to 18.3 AT units. Crops including rice (O. sativa), maize (Z. mays), wheat and barley 

(H. vulgare) were found to lack BNI capacity in their root systems during initial screening studies (Zakir et al., 2008). 

7. Potential to Act as Chemo Attractants: Plants exude high levels of carbon sources, and many of these acts as chemoattractant 

for bacteria and most motile bacteria are capable of directing their movement in response to chemical gradients behaviour 

known as chemotaxis. The chemotactic response of bacteria to root exudates plays a relevant ecological role in plant - associated 

bacteria and constitute the first step in initiating communication between plant roots and microbes. Indeed, the chemotactic 

response of bacteria, such as Pseudomonas, Rhizobium and Agrobacterium species, increases their root colonization efficiency in 

the rhizosphere .Several bacteria are described as presenting positive chemotaxis toward different molecules exuded by plants, 

including sugars, amino acids, various dicarboxylic acids such as succinate, malate and fumarate, and aromatic compounds 

such as shikimate, quinate, protocatechuate, vanillate, acetosyringone, gallate, catechol and  luteolin  (Brencic  and Winans, 

2005). Certain phenolic compounds exuded by tobacco plants attract the Agrobacterium tumefaciens C58 strain (Brencic and 

Winans, 2005). Pseudomonas putida presents positive chemotaxis to maize-derived aromatic metabolites. Root cap cells and the 

root cap mucilage also appear to play a role in establishment of specific root–microbial interactions. Root cap mucilage of maize 

elicits a chemotactic response in strains of Azospirillum lipoferum isolated from maize rhizoplane, but not by strains isolated 

from rice rhizoplane (Mandimba et al., 1986). 

8. Regulation of Rhizosphere pH: Roots release organic acids in iron and manganese deficient condition. Thus root-induced 

changes in rhizosphere pH are also related to the nutritional status of plants. Examples are rhizosphere acidification in cotton 

and other dicotyledons under Zn and P deficiency (Cakmak and Marschner, 1990) and in non-graminaceous species under Fe 

deficiency (Römheld, 1987). In Fe deficiency, plants release organic acid, thus make the iron in available form. 

9. Chelation Effect: Plants release organic acids which form chelate with calcium and thus release calcium bound phosphate 

in higher pH soil. Again, plants secrete phytosiderophores (mugineic acid, avenic acid) which binds with Fe and transport it 

to plants. 

10. Nutrient Mobilization: Enhanced reducing activity at the root surface of sub-apical root zones is a typical feature of roots 

of Fe-deficient dicotyledons and non-graminaceous monocots. The proton motive (PM) reductase-oxidase is further activated 

by rhizosphere acidification (Römheld and Kramer, 1983) which is the result of increased expression of PM H+ATPase in the 

sub-apical root zones. In Strategy I plants, increased reduction capacity and rhizosphere acidification is associated with 

enhanced release of Fe-chelating and Fe-reducing compounds, such as phenolics and carboxylates. Mobilization and uptake of 

Fe occurs in several steps: (i) solubilization of Fe mediated by rhizosphere acidification, (ii) complexation with chelating 

compounds, and (iii) complex splitting by reduction to Fe2+ and subsequent uptake via the IRT1 Fe transporter, which is up-

regulated under Fe limitation. Phenolic compounds released from Fe-deficient plant roots have been implicated in the 

remobilization of Fe precipitated on the root surface and in the root apoplast. Considerable genotypic variation exists in the 

level of expression of Strategy I responses, which is positively correlated with the resistance of plant species and cultivars to 

Fe deficiency under field conditions (Römheld, 1987). 
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Since Mn is plant available only in the reduced form (Mn2+), in aerated soils, root-induced reduction of Mn oxides may be a 

mechanism for Mn acquisition. Reduction is mediated by combined effects of (i) enzymatic reduction at the root surface, (ii) 

chemical reduction by release of reductants, such as phenolics and malate, and (iii) Mn reduction by Mn-reducing rhizosphere 

microorganisms. The activity of rhizosphere microorganisms is of particular significance for Mn nutrition of plants, since 

microorganisms can mediate Mn immobilization by oxidation reactions in soils as well as Mn solubilization by Mn reduction. 

Thus, the balance of manganese oxidizing bacteria (e.g. Arthrobacter spp.) to manganese reducers strongly influences Mn 

availability in the rhizosphere. Complexation of Fe3+ with soluble humic acids and subsequent complex splitting by Fe3+ 

reduction may also contribute to Fe acquisition of Strategy I plants. Additionally, humic substances may enhance the root-

induced responses to Fe deficiency. 

11. Potential in Hormone Production: Roots release tryptophan, precursor of auxin. This tryptophan is used by ectomycorrhiza 

Pisolithus tinctorius to produce auxin. Again methionine, released by plants, used by Acremonium falciforme to produce 

methionine. A relatively large number of rhizosphere bacteria are producers of phytohormones such as Indole Acetic Acid 

(IAA), cytokinin (CYT). However, in the absence of the appropriate precursors, synthesis of phytohormones by 

microorganisms is low. Several precursors for phytohormone production are components of root exudates or of lysates from 

decaying root tissues, which thus play an important role in phytohormone synthesis by rhizosphere microorganisms. In some 

studies, it was found that the CYT and IAA production by Azotobacter chroococcum is enhanced when supplied either with 

maize root exudates. Release of phytohormones changes in root and shoot morphology and growth after inoculating plants 

with so-called plant growth-promoting rhizobacteria. Many other enzymes are located in the root apoplasm, particularly in 

the epidermal cells of apical root zones. These include enzymes potentially involved in defence reactions such as chitinase, 

glucanase, peroxidase and phenoloxidase, as well as those needed for cell wall biosynthesis and C supply to mycorrhizal fungi 

(e.g., invertase). Their role in nutrient dynamics in the rhizosphere and nutrient acquisition is not clear. 

12. Remediation of Heavy Metal and Agrochemical Contamination: Plants possess detoxificative systems for the removing 

of agrochemicals made by a multiphase metabolism. Rhizosphere processes can be affected directly by these toxic compounds. 

Root exudates when secreted by stressed plants, may participate in the external transformation or biodegradation of pollutants, 

through activation of abiotic oxidants by exuded organic acids and through oxidation of pollutants by extracellular enzymes 

from the roots (Muratova et al., 2009). 

13. Maintenance of Soil Physical Properties and Water Regulation: The organic compounds, specially root mucilage, helps 

soil to stick to roots. The purpose of this is to maintain the plant's contact with the soil so that the plant can regulate the levels 

of water it can absorb, decrease friction so that roots can penetrate through the soil, and maintain a micro-climate. In most 

situations, mucilage released into the soil has a wide range of benefits for plants, such as protecting the root meristem from 

toxic metals, enhancing soil aggregate stability, which in the long run promotes soil aeration, root growth, prevents soil erosion 

and maintains a continuous water flow towards the rhizoplane (Read et al., 2003). The carboxylate groups of the mucilage can 

bind to cations and in particular, those fixed to clay (Jenny and Grossenbacher, 1963). Consequently, soil structure is affected 

and stability of aggregate is generally increased (Czarnes et al., 2000). 

14. Drought Tolerance: Mucilage and mucigel may protect the root meristem and improve the root–soil contact by inclusion 

and aggregation of soil particles. Shrinking of mucilage with declining water potentials leads to a tighter association of soil 

particles within the rhizosheaths. This contributes to improved water holding capacity of the rhizosphere soil and increases 

the proportion of water-stable soil aggregates from about 2% to nearly 40% (Morel et al., 1991). 

Conclusion 

Rhizospheric organic compounds play a very important role in modifying rhizospheric chemistry to increase availability of 

deficient nutrients and reduce toxicity of several nutrients. Again, these compounds help in microbial proliferation, which in 

turn, increases decomposition, nutrient cycling, symbiotic and non-symbiotic nitrogen fixation and many other ecosystem 
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functions. Thus, the role of these organic compounds to actually maintain biological potential of soil and make soil dynamic, 

productive and healthy is immense. 
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Introduction 

The Government, since independence is formulating the policies, program’s, projects and schemes for rural development. All 

these programs and schemes are being implemented by the concerned department of the state govt. India being an emerging 

economy and committed to bring about a rapid and sustainable economic growth through various reforms, the rural 

development programmes must focus on public participation and rural organizations for its success and growth. This policy 

and programmes are aimed at alleviating rural poverty, malnourishments and blind faith among the rural population. The 

rural development can focus on the elevation of living standards and per capita income of rural population. Green growth and 

organic agricultural sector are one of the key areas which can be targeted for the sustainable growth. The government has been 

formulating policies, programs, projects and schemes for rural development since independence. All these programs and 

schemes are being implemented by the concerned department of the state government. India is an emerging economy and is 

committed to bring rapid and sustainable economic growth. 

Through various reforms, rural development programs should focus on public participation and rural organizations for their 

success and growth. These policies and programs aim to reduce rural poverty, malnutrition and blind trust among the rural 

population. Rural development can focus on raising the standard of living and the per capita income of the rural population. 

The Green Development and Organic Agriculture sector is one of the major sectors that can be targeted for sustainable 

development. 

How Should Be the Beginning of Organic Farming 

The government will have to start the process of organic farming and the government will have to start the process of organic 

farming from small farmers in rural areas, because small farmers are the basic center of crop production. Small farmers tend to 

make agriculture worse by using more and more chemical fertilizers in order to get more yield due to less farmland. That is 

why it is necessary that small farmers should know more and more about the natural resources around them and they should 

be told about the benefits of this farming along with detailed information about how to use them. | By doing so, the work is 

not finished, in such a situation, the small farmer will again move to chemical agriculture in two to four days. therefore, it is 

necessary that the farmers should not be left till the farmers fully understand organic farming and adopt it, for this it is 

necessary that the farmer should go to government institutions regularly and all the subsidy and assistance given by the 

government To get farmer  the benefit, for this less, all the employees of the government department should be responsible for 

good behavior, spirit of cooperation and honesty. Even small-scale farmers always see the benefits, but they do not want to 

spend too much effort and expense, so it is necessary for them to have a proper system of market to sell the produce in close 

proximity or marketing through the producer group and for crop production. Inputs are cheaper. Explaining this is an 

important challenge, that is why the government will have to teach the department by staying in the village with the farmers 

and explain it by doing organic practice. 

Progress of Organic Farming 

The Government of India is encouraging farmers for organic farming under the livelihood project in different states, as well as 

the production of earthworm manure, compost and cow manure is also being enlarged. In addition, farming is also being done 

with organic fertilizers being constructed in rural areas. The government is setting up a market for organic farming and their 

sale at rural and district level through Producer Group. This will provide a good way for farmers to get maximum benefit for 

selling crops at minimum risk. | In this direction, the union has developed 100 model farms in the country's top producing 
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state of Rajasthan, which directly includes 2,500 farmers in Kota and Bundi districts. Experience from the first year showed 

that traditional methods increased productivity by about 30% and were expected to increase by more than 60%. The association 

will increase model farms to 1,000 over the next five years. 

Marketing of Organic Product 

For marketing work various national and state level projects are being run, apart from government departments, NGOs, 

panchayats and private agencies. If the farmer does not sell the organic produce in the local market, and if the farmer goes to 

the nearby big market (Raipur, Bilaspur, Durg etc.) for sale, then the price of the product will be available with a good price at 

a low transport cost. If the organic produce from agriculture is processed through the value chain and sold by packaging it to 

a quality product, then the processed packaging product will be sold for 4 to 5 times more price than the normal selling price 

of the farmers. Due to this, the economic growth of the farmer will be very fast. 

Effective of Organic Farming 

1. Organic farming will not have any effect in one area but organic farming will not only increase the production but will also 

improve the quality of production. 

2. Due to less input in production method and less outbreak of disease kit, the farmer will have more income than expenditure. 

3. The consumption of chemicals by foreign companies will be less, due to which the economy of the farmers will be 

strengthened and India's economy will not be dependent on other countries. 

4. Water, soil and environmental pollution caused by chemical fertilizers and pesticides will be prevented. 

5. increase in soil structure will improve and all the beneficial substances found in soil will remain in the soil for a long time. 

6. Mixed farming will be helpful in fulfilling the needs of organic farming, so that all the needs of the daily people will be met 

by their own farm. The farmer will thus become soul-dependent. 

7. All those beneficial bacteria, insects, birds will be returned to nature, which was once getting destroyed due to chemical 

pesticide addiction. 

Conclusion 

Organic farming is a boon for mankind as well as for all living beings and it certainly contributes to the economic and social 

development of rural farmers. They not only get high yield of crops, but can also have good quality as well as alternative 

sources of natural energy in the form of bio-electricity, domestic gas etc. Farmers of Chhattisgarh who can raise their lifestyles 

and social and economic standards by using natural and nearby local resources. 
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Introduction 

The advent of high yielding varieties and increased area under assured irrigation led to intensive agriculture with more use of 

chemical fertilizers.  Consequently, excess use of high analysis fertilizers in an unbalanced manner imposed additional 

problems of soil fertility such as acidity, alkalinity, multiple nutrient deficiency especially micro and secondary nutrients and 

resulted in total loss of soil health and yield decline also attributed. Nowadays especially in developing countries soil quality 

and soil health under intensive land use agriculture and fast economic development is a big challenge. Soil health definition 

gives more emphasis on finite non-renewable dynamic and living resource whereas soil quality relies on soil function. Ideal 

soil health support most life processes such as nutrient and water regulation, maintain microbial diversity and activities, 

sequester heavy metal and play role in bio-remediation. 

Soil Health Management and Agronomic Practices 

Soil health depends on both inherent and dynamic soil quality. Inherent soil quality relies on group of different factors which 

may be natural soil characteristics like texture as result of soil formation, however later is affected by change in land use pattern 

and management practices and generally correlated with soil biological function. In addition, the dynamic component is of 

most interest to farmers because good management allows the soil to come more productive in sustainable manner. The 

inherent and dynamic soil quality components do interact; however, as some soil types are much more susceptible to 

degradation and poor management than others. 

Conservation Agriculture Practices for Soil Health 

Conservation agriculture is one of the strategies that help to improve and sustain the fertility status of the soil. Soil conservation 

is integral component of farming systems which should aim to manage and regulate agro-ecosystems for productive 

sustainability and food security. Conservation tillage, efficient soil cover, crop rotation and diversified crop plantation are some 

examples which if implemented properly can aid in managing minimum soil disturbance and loss. A fully functioning soil 

produces the maximum amount of products with lesser inputs. Agriculture intensification is considered as the major impact 

of soil quality and generally environment health. Soil health deterioration have negative impact on plants as well as on other 

living organism, however efficient agricultural practices may reverse the trend and improve soil and plant health. 

Soil Tillage Management (Zero Tillage) 

With different tillage techniques the soil should be disturbed as less as possible to manage the even distribution and amount 

of plant residue on the ground surface of the soil. Degradation of agricultural soils found as result of excessive tillage. Zero till 

systems improves soil physical properties directly reducing soil erosion, increase and sustain soil health and organic matter 

content, increase infiltration rate and moisture conservation in soil, reduce energy required also. Zero till systems have been 

compared to excessive tillage practices under several range of condition. Studies on how the practices affect physical soil 

properties had mixed results. Overall, no-tillage systems tend to increase macrospore connectivity while generating 

inconsistent responses in total porosity and soil bulk density as compared to conventional tillage systems. 

The impact of zero till system on soil physical properties varies and dependent on the soil temperature and moisture regime, 

length of time the system has been in place, amount of disturbance resulting from the system, diversity and intensity of the 

crop rotation, limitations of the soil and site, removal of residue after harvest, and use of other practices, Use of zero till system 

and other practices are effective in improving physical soil properties. This is especially important for soils that have inherent 

limitations, such as those that are sandy, have a very high content of clay, have a clay pan or fragile pan, or have other physical 

limitations that affect the amount of water available for plants, plant growth and vigor, and plant yield. In general, long-term 
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use of zero till system along with use of high-residue crops during the growing season will enhance physical soil properties 

through the development and maintenance of water-stable aggregates, which increase the infiltration rate and the available 

water capacity. 

Bulk Density 

Bulk density is an indicator of soil health and its compaction; it affects plant rooting depth, soil water capacity, plant nutrient 

availability, soil porosity, soil microorganism activity, nutrient availability which influence soil productivity. Many studies 

showed that the bulk density will increase slightly in the early stages of implementation of zero till system after conventional 

tillage has been used. Studies also show that bulk density may increase more with long-term use of zero till systems than with 

conventional tillage. 

Available Soil Moisture 

Several studies show that available soil moisture improves when other physical soil properties, such as soil organic matter, 

infiltration rate, bulk density, soil structure and penetration resistance are improved. Zero till systems as compared to 

conventional tillage, resulted in higher levels of soil moisture. Zero till systems along with using high-residue crops in the crop 

rotation, using cover crops that provide high levels of biomass, maintaining crop residue with a high content of carbon, and 

avoiding excessive removal of residue are key to increasing and maintain water content and availability in soil. 

Soil Organic Matter 

The extent that soil organic matter is improved or maintained is not solely dependent on use of zero till systems but also on 

additional practices such as mulching, crop rotations, harvesting forage or biomass and using cover crops. Using high residue 

crops and including perennial legumes, small grain, and/or cover crops provide the additional carbon and root mass needed 

to increase or maintain soil organic matter levels. Studies of long-term use of zero till systems that included additional 

measures, such as mulching, growing cover crops, and using crop rotations showed increases in soil organic matter. 

Infiltration Rate 

Long term zero till field resulted in reduced crusting and increased infiltration with significantly reduced runoff. 

Cover Crop 

Cover crop is defined as any living ground cover that is planted into or after agriculture crops mainly cash crops and turned 

into the soil before planting next crop plants. Benefit of cover crops is reduction of runoff and soil erosion subsequently 

resulting in improvement of soil health and sustainable soil productivity. Some of the benefits of cover crops include; increased 

availability of nitrogen if the cover crop is a legume and addition of organic matter to the soil through the leaf litter and other 

crop residues. Cover crops also keep the soil moist, good for microbial activity. 

Mulching 

Mulch generally placed on soil surface as cover aiming to reduce evaporation and controlling weeds. Mulches restrict the 

movement of soil moisture and generally are natural like straw etc. and artificial like opaque plastic sheets. Depends upon the 

mulch type, mulching influence soil temperature and consequently soil functions. Mulching has significant and positive impact 

on soil physical properties. Studies showed that mulching improves bulk density of soil, saturated hydraulic conductivity and 

mean aggregate size in the surface layer increased under ridge-till and zero till systems. In addition, mulching increased the 

total carbon in bulk soil and macro-aggregates. 

Nutrient Management 

Application of compost and FYM has been found to be associated with increased microbial abundance and their activities. In 

a well-functioning healthy soil system, nutrients are also conserved, recycled, and made available for plant uptake. Microbial 

functions include decomposition, nutrient cycling, detoxification and suppression of pathogenic organism and importantly 

biogeochemical cycle regulation are vital in soil ecosystem functioning. Good soil health includes the proper amount of 

nutrients for plant growth. Deficient amounts result in insufficient plant cover and excessive erosion, and excessive amounts 
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result in runoff of surface water and leaching of contaminants into ground water. Judicious use of organic manure and its by-

products as plant nutrients are plays a major role in nutrient conservation, maintaining physical, chemical and biological 

properties of soil. 

Intercropping and Crop Rotation 

Different Cropping practices like intercropping and crop rotations are used both in conservation agriculture and conventional 

agriculture systems. They have shown evidence of promoting microbial multiplication and activities. Intercropping is defined 

as the cultivation of two or more crops on the same piece of land to the extent that crops interact biologically. Intercropping 

practices that include legumes promote rhizobial legume symbiotic relationships that lead to biological nitrogen fixation. 

Biological nitrogen fixation improves the fertility of the soil and both the soil health and quality as the availability of nitrogen 

positively affects the C: N ratios by increasing the N value. This in turn improves the general microbial ecology of the soil by 

allowing proliferation of diverse and increased numbers of soil biota. Growing crops in a planned sequence on the same field 

is known as crop rotation and mainly help the soil to reduce erosion, improve soil quality, manage plant nutrient balance, 

supply N through biological nitrogen fixation, improve water conservation and manage weeds, insects and diseases. 

Agro-forestry 

Agro-forestry is an integrated system technique of land resource management in which trees are combined with crops or 

pastures simultaneously or in phases with the objective of sustained optimization of total production per unit area. Quantity 

and quality of litter, species diversity, deep and perennial root systems associated with agro-forestry create a more suitable 

occasion of soil faunal (including earthworms) activities. The activities of earthworms especially the burrowing provides good 

aeration and nutrient rich substrates respectively for micro flora. 

Conclusion 

For developing nation where agriculture is basic need for food security and economy, the importance of soil should not be 

ignored. It’s an urgent need for the developing nations to make farmer aware about the impact of cultivation and other soil 

uses on soil health. Farmers should be conscious to use indicators or quantifiable values which relate to chemical, physical and 

biological health indicators. Agriculture management practices like conservation tillage, adequate and judicious fertilizer 

usage, manure application, crop rotation, crop residue cover etc. can improve soil functioning and stability as well as increase 

soil productivity with the least cost in sustainable manner. Considering beneficial functions of soil biota, it is therefore noted 

that thorough exploitation of these soil management practices will have a substantial contribution to improving low input 

ecological friendly farming methods and soil health in general. 
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Introduction 

The popularity of Extrusion-cooking is increasing day by day in the global agro-food processing industry. Extrusion cooking 

is a popular process of preparing snacks and ready to eat foods (Filli et al., 2012). Extrusion technology is one of the cost-

effective methods, due to the variability of the product, high quality and productivity of the new foods such as cereal based 

snacks, including dietary fibre, baby foods, and breakfast cereals and modified starch from cereals (Pawar et al., 2014). As it is 

a HTST process, which reduces microbial contamination and inactivates enzymes, the main method of preservation of both hot 

and cold extruded foods is by the low water activity of product (0.1-0.4) (Bordoloi and Ganguly 2014). In this process food 

materials are cooked in a tube by the combination of pressure, moisture and mechanical shear resulting in molecular 

transformation (Shivendra et al., 2007). Due to high temperature short time cooking of soy-cereal blend, the anti-nutritional 

factors are effectively destroyed without damage to nutritional quality of raw material. The extruded products are sterile, very 

digestible because of complete gelatinization of starch.  

Extrusion cooking has been used for processing of starchy as well as proteinaceous materials for a long time. As extrusion 

processing is a thermally efficient process, it offers many advantages in processing of soy-based products that the anti-

nutritional factors are effectively destroyed without damage to nutritional quality of the raw material. Feed moisture is 

considered as one of the most critical processing variables for extrusion cooking as it contributes to thermo-mechanical 

liquefactions and gelatinization of starch. The extent of molecular degradation of starch is a function of extrusion parameters 

like temperature, moisture, feed rate, screw speed and feed composition. The main characteristics of the raw material for 

extrusion cooking are type of material, physical state, moisture content, chemical composition (quantity and type of starch, 

proteins, fats and sugars) and pH of the material. Most raw materials used in food extrusion are solid (Steel et al., 2012). The 

benefits of this technology are variability of product shape, low cost, high quality production of new foods, higher productivity, 

inactivation of anti-nutritional factors etc (Chakraborty et al., 2009). Consumer acceptance of extruded foods is mainly due to 

the convenience, value, attractive appearance and texture found to be particular for these foods, especially when it concerns 

snack products (ANTON et al., 2008). 

Classification of Extruders based on Operation: 

1. Cold Extrusion: In cold extrusion heating of food is carried out up to 100o C, these extruders are appropriate for small scale 

industry and also for household use. The elevated cooking temperatures used in normal extrusion lead to discoloration of 

whey proteins from the Millard reaction, destruction of the Sulphur-containing amino acids, cysteine and methionine, 

racemization of protein during cross-linking and other problems (Onwulata and Pordesimo, 2008). In Cold extrusion, food 

temperature is constant which is used to shaping and mixing of food including meat products and pasta. 

2. Hot Extrusion: Extrusion cooking in which heating of food is carried out at more than 100o C is called as Hot extrusion. To 

increase the temperature quickly, Frictional heating and other heating methods were used. After the heating of food, it is passed 

through barrel sections which have a small flight which helps to increase the shear and pressure. At last, food is passed from 

the die under pressure, after the final shaping food is cooled quickly to remove moisture in the form of steam. 

Classification of Extruders based on Construction: 

1. Single Screw Extruder: In single screw extruder, the conveying action is the result of friction effects, (1) the friction between 

screw and product, (2) the friction between barrel and product. Single screw extruders are used to produce dry and semi moist 
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pet foods, expanded snacks, breakfast cereals, puddings, soup and drink bases, gelatinized starch and texturized vegetable 

proteins. 

2. Twin Screw Extruder: In a twin-screw extruder, the product is enclosed between the intermeshing screws and barrel and is 

conveyed positively towards the die. The twin screw extruder can be run at lower speeds than the single screw extruders. Twin 

screw extruders have much better conveyance capacity. Twin-screw extruder applications include chocolate coatings, candies, 

gums, enzyme modification process, etc. 

Effect on Characteristics of Food Product: 

1. Expansion Ratio: The expansion ratio increases with decrease in feed moisture content and increase in screw speed and 

barrel temperature. Increased feed moisture leads to a sharp decrease in the expansion of extrudate (Pathania et al., 2013). 

Changing the feed moisture content, barrel temperature and screw speed significantly affected the expansion ratio of all the 

extrudates. Increasing the feed moisture content and screw speed resulted in a substantial decrease in expansion ratio (Oke et 

al., 2013). 

2. Bulk Density: Feed moisture has been found to be the main factor affecting extrudate density (Ding et al., 2005). Increased 

feed moisture promotes a sharp increase in extrudate density. Screw speed and temperature also have significant effects on the 

density of extrudate. Increased screw speed and barrel temperature caused a slight decrease in the density of extrudate. 

3. Protein: Protein absorbability of the extruded food product is expanded by the extrusion cooking technology (Iwe MO et al., 

2004). Extrusion improves protein digestibility by denaturation, which exposes enzyme-accessible sites. The extent of 

denaturation is estimated by changes in protein solubility in water or aqueous solutions, these changes are greater under high 

shear extrusion conditions. 

4. Lipids: Lipids have a powerful influence in extrusion cooking as they reduce the friction between particles in the mix and 

between the screw and barrel surfaces. During extrusion the temperature is high which will result in lipid release. Lipid will 

also be released during extrusion due to mechanical disruption of cell walls. 

5. Vitamins: During extrusion processing due to temperature, moisture and pressure, most of the vitamins are destroyed. In 

addition, other parameters such as raw materials used, flow rate, screw speed, energy input, die open area, shear, redox 

reactions drying temperature and duration also influence the stability of vitamins. 

6. Starch: In extrusion processing starch gelatinization occurs at much lower moisture contents (12-22%).  In this process 

starches are exposed to heat, pressure and mechanical shear. The application of heat, the action of shear on the starch granule 

and water content leads to the destruction of the molecular structure (Jaybhaye et al., 2014). 

7. Fibre: Fibre is chemically unchanged by the extrusion process and it influences the expansion of the product (Huber, 2001). 

Modifications in particle size, solubility and chemical structure of the various fibre components could occur during extrusion-

cooking. 

Advantages of Extrusion Technology 

1. A variety of shapes, texture, colour and appearances can be produced easily compared to other processing methods. 

2. Extrusion processing needs less space per unit of operation than other cooking systems. 

3. Less re-drying is required in this technology, as extruders operate at relatively low moisture while cooking food products. 

4. Compared to other cooking and forming processes extrusion has lower processing cost. 

Conclusion 

Extrusion cooking is an innovative technology which plays an important role in the production of a wide variety of foods and 

ingredients. Extrusion cooking is an ideal method for manufacturing various food products as it permits the utilization and co-

processing of various by-products. High barrel temperature, feed moisture, composition of raw materials (protein and starch 
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mainly) are the major factors that greatly affect the physical and chemical properties of the final product. This technology has 

many advantageous effects such as destruction of anti-nutritional factors, reduction of lipid oxidation, increased soluble dietary 

fibres and killing of contaminated microbes. 
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Introduction 

Precision agriculture is a relatively new and mostly technology driven approach. It is a management approach or philosophy 

to the cultivation of crops by considering spatially and temporal variation in soils, rainfall and adopting management 

techniques to reduce cost, efficient use of inputs and reduce environmental pollution. Precision agriculture is also known as 

precision farming in which in-field variability is taken into account and according to the local circumstances of a given field, 

seeding, nutrient management, plant protection measures etc. are taken up. Precision agriculture or smart farming has emerged 

as a promising methodology to increase crop productivity, while reducing environmental and production costs. The aim of 

precision agriculture to apply the right dose at the right spot at the right time. Hence, there will be efficient use of 

resources/inputs, leading to sustainability in agriculture. 

In precision farming, timely collection and analysis of the spatial and temporal variant information of crops, soils and 

environment is important. This can be done by new emerging information technologies such as Global Positioning System 

(GPS), Geographical Information System (GIS), remote sensing, yield monitors etc. The data collected are to be analyzed using 

appropriate procedures to provide support for decision-making. The inputs are to be applied properly harmonize economic, 

social and ecological benefits. As the inputs applied are varied according to the local needs of the farm, precision agriculture is 

also termed as ‘spatially variable crop production’ or ‘site specific management’. The site-specific application of inputs such as 

seed, fertilizer and crop protection chemicals have the potential to reduce input costs, maximize crop yields and benefit 

environment. 

Thus, precision farming which is based on information and knowledge is a new combined technique for the scientific 

management of modern agriculture. It is a complete system that takes full advantage of available agricultural resources, 

reduces pollution to protect environment and promotes sustainable agriculture. 

Precision agriculture can be defined as the application of principles and technologies to manage spatial and temporal variability 

associated with all aspects of agricultural production for the purpose of improving crop performance and environmental 

quality (Pierce and Nowak, 1999). In other words, precision farming is the form of farming where site-specific management 

practices are adopted paying due consideration to the spatial variability of land to maximise crop production and minimize 

cost of production with least environmental damage. 

Components of Precision Framing 

The major components of precision farming include geographic information system (GIS), global positioning system (GPS), 

remote sensing (RS), variable rate technology (VRT) and farmer. 

1. Geographic information system (GIS): GIS is a computerized mapping system to acquire, store, analyze, and display 

information. GIS provides ways to overlay different “layers” of data: the land use, irrigation structure, soil information and 

other variables for the efficient and proper use. Geographic information system can be used as analytical tool to identify soil-

fertility pattern, correlations between yield and other growth limiting factors. 

2. Global positioning system (GPS): GPS became a valuable tool for spatial data acquisition in precision farming. There are 24 

satellites that make up the GPS space segment are orbiting the earth about 12,000 miles above ground level, travelling at speeds 

of roughly 7,000 miles an hour. Global positioning system satellites revolve around the earth twice a day in a very precise orbit 
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and transmit signal information to the earth. With the help of global positioning system, it is possible to record field data (slope, 

aspect, nutrients and yield) with precise geographical location (latitude, longitude and elevation). 

3. Remote Sensing: Remote sensing data along with GIS and GPS data make it possible with number of applications for 
enhancing resource use efficiency. Remote sensing data provide synoptic view of larger area at a regular interval and help in 
generating reliable information on various natural resources (soils, relief, surface, groundwater, forest cover, etc.). 

4. Variable Rate Technology (VRT): VRT is a system set that controls the rate of delivery of farm inputs depending on the soil 
type noted in a soil map. Information extrapolated from the GIS can control processes, such as seeding, fertilizer and pesticide 
application, and herbicide selection and application, at a variable rate in the right place at the right time. Variable Rate 
Technology (VRT) refers to the instrumentation used for regulating application rates of fertilizer, lime, pesticides, and seed as 
an applicator travels across a field, based on a decision support system and(or) management plan. VRT provides the 
opportunity to manage production based on soil type, soil texture, organic matter, nutrient levels, soil pH, weed and insect 
populations, disease, spatial pattern of nematode populations, desired yield, and other factors (Strickland et al, 1998). 

5. Farmer: Farmer is the essential component of precision agriculture and obviously, will be the same in precision pest 
management too. For assessing and managing the variability of pest populations, decision making is the key factor ad 
ultimately that is to be done by the farmer. 

Laser Land Levelling 
The laser-assisted precision land levelling, so called laser land levelling is 
a precursor technology for adopting conservation agriculture practices like 
zero tillage, bed planting. It was introduced for the first time in India at 
farm level in western Uttar Pradesh during 2001. It alters fields having a 
constant slope of 0 to 0.2% using laser equipped drag buckets, which 
allows the land surface smoothening within ± 2 mm from its average 
elevation. Laser land levelling saves water by 25 – 30%, improves nitrogen 
use efficiency under surface irrigation and increase crop yields by 5 – 15%. 

Site Specific Nutrient Management (SSNM) 
Though farmers are operating on a personal farm scale, each of them is an 
integral and sensitive part of the global food security. As such they do take 
responsibility not only for food production, but are also liable for use of 
resources and minimum interventions into the environment, for instance, by implementing codes of Good Agricultural Practice 
through controlling nutrient surpluses and deficiencies on field level by applying the concept of balanced fertilization. This 
practice leads to the treatment of soils on their smallest scale of significant variability, i.e., site-specific nutrient management to 
realize the ambitious goal of minimum use of resources and impact on the environment. 
The total expenditure, which includes costs for fertilizers and pesticides, on an average is two times higher for specialty crops 
such as fruits, vegetables and nursery than for cereals, cotton and soybean (Miranowski, 2005). An indicator of excessive 
fertilizer application rates is the measured non-point nutrient losses to the environment. Eutrophication by nitrogen and 
phosphorus is a global problem, which affects both surface and marine waters equally. Both nutrients are of prime interest for 
balanced fertilization that matches their small-scale variability in the soil with exclusively demand-driven nutrient inputs. In 
the face of climate change concern, production techniques that utilize resources efficiently will become increasingly relevant. 
Farmers who implement precision agriculture technologies will meet both demands by reducing energy inputs and by 
reducing non-point nutrient losses through site specific nutrient management strategies. 
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Introduction 

The fertilizer industry faces a continuing challenge to improve its products to increase the efficiency of their use, particularly 

of nitrogenous fertilizers and to minimize any possible adverse environmental impact. This is done either through 

improvement of fertilizers already in use, or through development of new specific fertilizer types (Maene, 1995 ;) The product 

profile is determined by its chemical and physical properties, environmental safety and its stability against mechanical stress, 

hygrometry and temperature. Increasing the efficiency of mineral nitrogen (N) fertilizers use is not easy, because plants take 

up N normally as nitrate or ammonium ions, through their roots from the soil solution. However, ammonium-N, unlike nitrate-

N, can be retained on soil constituents so that soil and plants compete for ammonium-N, either already available in the soil or 

applied. This competition for nitrogen, with the exception of nitrate-N is the main problem when it is added as mineral fertilizer 

to feed plants. Only a certain proportion of the N is taken up, or can be taken up, and used by the growing plants. Globally, 

most N is applied as urea, which, chemically, is not a mineral but an organic compound. FAO, however, lists it traditionally as 

a ‘mineral fertilizer’ in its publications and particularly its statistics. The FAO terminology is used here to Nitrate-N is not 

adsorbed on soil particles but is free in the soil solution and therefore available for plant uptake but also liable to leaching. 

Improving NUE in agriculture has been a concern for decades and numerous new technologies have been developed in recent 

years to achieve this. The types of fertilizers and their management in agriculture will be at the forefront of measures to improve 

the global N balance in the short- and long-term. (Grant, 2005) suggested that most important task for the future is to further 

improve NUE or, more precisely, N-use efficiency because a significant share of the added fertilizer N is lost during the year 

of application. Finck (1992) gives the following indications of nutrient uptake from mineral fertilizers: The utilization rate of N 

in mineral fertilizers is about 50-60% in the first year. The utilization rate of P in mineral fertilizers is 10-25% (average 15%) in 

the first year. A further 1-2% per year will be taken up in the following decades.  The utilization rate of K in mineral fertilizers 

is about 50-60% in the first year Farming practices, particularly fertilizer application methods must aim to support the crops in 

the competing soil-plant system, thereby, achieving the greatest possible nutrient uptake/use efficiency. 

This Support Includes: 

1. Promoting root growth by improving soil structure (good soil aeration, storage and supply of water) 

2. Soil reaction (liming), humus content, storage capacity for soluble nutrients and mobility of nutrients. 

This can be achieved by choosing the most suitable type and rate of plant nutrient/mineral fertilizer and the most appropriate 

application technique (for example fertilizer placement or band application into the root zone, split application, and so-called 

‘spoon-feeding.’ 

Slow Release Fertilizer 

The Association of American Plant Food Control Officials (AAPFCO) has published the following general definitions (Official 

Publication 57): Slow- or controlled-release fertilizer: A fertilizer containing a plant nutrient in a form which delays its 

availability for plant uptake and use after application, or which extends its availability to the plant significantly longer than a 

reference ‘rapidly available nutrient fertilizer’ such as ammonium nitrate or urea, ammonium phosphate or potassium chloride. 

Such delay of initial availability or extended time of continued availability may occur by a variety of mechanisms. 
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Characteristic of Slow Release Fertilizer 

1. Single application 

2. Maximum percentage recovery and  

3. Minimum detrimental effects on soil, water and environments.  

a. The nutrient release is synchronized with the crop’s nutrient requirements. 

b. Low salt content 

c. Formulation allows fertilizer to slowly dissolve or release into the soil solution surrounding the root 

Difference Between SRF and CRF 

 

Classification of Slow Release Fertilizer: 

1. Organic-N low-solubility compounds: These can be further divided into biologically decomposing compounds usually 

based on urea-aldehyde condensation products, such as urea-formaldehyde (UF), and chemically mainly) decomposing 

compounds, such as isobutyledene-diurea (IBDU). 

2. Fertilizers in which a physical barrier controls the release: The fertilizers can appear as cores or granules coated by 

hydrophobic polymers or as matrices in which the soluble active material is dispersed in a continuum that restricts the 

dissolution of the fertilizer. The coated fertilizers can be further divided into fertilizers coated with organic polymer coatings 

that are either thermoplastic or resins, and fertilizers coated with inorganic materials such as Sulphur- or mineral-based 

coatings. 

3. Inorganic low-solubility compounds: Fertilizers such as metal ammonium phosphates (e.g., Mg NH4PO4), and partially 

acidulated phosphates rock (PAPR), are typical slow releasing fertilizers of this type. 

They Proposed the Following Four Types According to The Mode of Release Control: 

1. Diffusion 

2. Erosion or chemical reaction (decomposition) 

3. Swelling 

4. Osmosis 

Potential Advantage of Controlling Nutrient Supply 

The effectiveness of nutrient supply control in increasing nutrient use efficiency (NUE) and reducing environmental problems 

depends mainly on two factors: Matching nutrient supply with plant demand and maintaining nutrient availability. Processes 

competing with plant uptake can thus affect NUE and the environment.  The time pattern of macro-nutrient uptake by seasonal 

crops is generally sigmoidal. This is also the general case regarding perennials or trees when a shift from dormant to 

Particulars Slow Release Fertilizer Control Release Fertilizer 

Definition Fertilizer of which, by hydro- lysis and /or by 

biodegrade- dation and /or by limited 

solubility, the nutrients available to plants are 

spread over a period of time compared to a 

“reference soluble” product. 

Fertilizer in which nutrient release is 

controlled, meeting the stated release rate 

and release time at a specified 

temperature. 

Technology  Sulfur based coating, Urea reaction product Fertilizer coated with thick polymeric 

coating 

Release mechanism Rapture of coatings, hydrolysis and microbial 

degradation 

Diffusion 

longevity 2-3 months 2-16 months depends on coating thickness 

Factor  Microbial activity, moisture and temperature Temperature 
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biologically active phases occurs. Therefore, synchronizing nutrient supply with plant demand using a sigmoidal pattern of 

supply the economic, physiological and environmental advantages associated with controlling nutrient supply are further 

discussed in light of these two important factors. 

Economic Aspects 

1. Potential for Reducing Nutrient Losses: From a practical point of view, nutrient losses via the above-mentioned processes 

may be considered “irreversible” at least in the short range. Some of these processes are the main cause for the very poor 

recovery of N. 

2. Cost of Fertilizer Applications: Slow release fertilizers can meet the crop nutrient demand for the entire season through a 

single application, involving savings in spreading costs. CRFs displaying a lag in release could be used to apply nutrients prior 

to the “annual spring rush,” or when trafficability in the field is less restricted, such as fall application for winter- or spring-

planted crops. 

3. Environmental Aspects: Nutrient losses to the environment depend on their concentration in soil solution. Therefore, any 

nutrient application method that improves NUE, and consequently reduces the surplus of nutrients over plant needs, also has 

the potential to reduce losses to the environment. 

4. Crop Quality: In addition to the possible direct savings associated with the use of SRF/CRFs, there are several agronomic 

advantages related to the improvement of plant growth conditions, as presented below. 

Reduction of Stress and Specific Toxicity 

Excessive nutrient supply, commonly resulting from an application of conventional soluble fertilizers, may result in a high 

concentration of soluble salts in the root zone. This may induce osmotic stress and cause specific injuries to plants at different 

growth stages, or undesired development such as lodging Compared to soluble fertilizers, the use of CRFs involves improved 

germination and crop quality together with reduced leaf burns, stalk breakage and disease infestation. 

Supply of Nutrient Forms Preferred by Plants 

A great deal of attention has been paid in the last two decades to the question of the preferred form of plant nutrients, 

particularly regarding the supply of ammonium or nitrate nutrition. Significant increases in grain yields and protein content 

induced by mixed ammonium-nitrate nutrition compared to nitrate or ammonium alone have been reported. Slow release 

fertilizers that contained higher proportions of NH4 produced greater yields of millet and induced an increased accumulation 

of proteinaceous material (reduced-N) in plants. 

Enhancement of Synergistic Effects between Nutrients 

Abundant evidence is available on the synergistic effects between different types or species of nutrients, particularly when they 

are simultaneously supplied or co-placed near absorption sites on the root surface. 

Conclusion 

1. Synchronize supply of plant nutrient with plant demand. 

2. Reduce possible losses of nutrients. 

3. Slower leaching and run off. 

4. Reduce gaseous losses. 

5. Decreases risk of environmental pollution.  

6. Improve NUE. 

7. Reduce cost of cultivation. 
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With the continued increase of the world population the requirements for food, freshwater, and fuel are getting bigger everyday which paves 

an urgent necessity to develop, create, and practice a new type of agriculture, that has to be environmentally sustainable and adequate to 

the soils. Among the stresses in plant agriculture worldwide, the increase of soil salinity is considered as a major stress. 

Introduction 

Scarcity of quality irrigation water has now been recognized globally as the major constraint to increasing cropping 

intensification. Insufficiency of water for irrigation is restraining the development of agriculture in many parts of the world. 

The scarcity of water for agriculture is growing not only because the sources are reducing, but also the quality of water is 

deteriorating (Elliott et al., 2014). Among the threats that are deteriorating the quality of irrigation water, soil salinization is the 

major one in many countries; and the severity of such threat is higher in the low-lying coastal regions (Daliakopoulos et al., 

2016). As the sources of good quality water are decreasing in these regions, the pressure on farmers to utilize moderately saline 

water for irrigation is also increasing (Gandahi et al., 2017). 

Soil salinity, caused by high concentration of salts in the soil, is one of the most severe environmental factors limiting the 

productivity of agricultural crops under this land. Due to increasing soil and water salinity, farmers in these areas are suffering 

from lack of fresh quality water for irrigation, as a result vast land area are kept aside of agricultural production that leave the 

small-landowners poor. Despite the continual deterioration of the fresh water in the coastal areas, there are ample sources of 

saline water, which can be used as an alternative option for irrigation, if suitable crops and appropriate soil and water 

management practices are followed. 

In India, besides water scarcity, water quality is deteriorating and water salinity is increasing due to uncontrolled discharges 

of untreated or poorly treated wastewater, over-abstraction of the aquifers, and the excessive use of fertilizers in agriculture. 

Field drainage water, urban wastewater, domestic gray water and saline water are reused and recycled for irrigation in many 

parts of the world. When saline water is used, several factors have to be considered: plant tolerance, irrigation system, water 

management strategies, irrigation intervals and soil properties. Generally, salinity problems are most pronounced in arid and 

semi-arid regions because of insufficient annual rainfall to flush accumulated salts from the crop root zone. The major sources 

of salts in these regions are rainfall, mineral weathering, “fossil” salts and various surface waters and ground waters which 

redistribute accumulated salts, often as a result of man’s activities. For sustaining the existing croplands and guaranteeing 

subsistence, farmers have to exploit the groundwater with high salinity to irrigate croplands, which leads to salt accumulation 

in the soil under strong evaporation. Soil salinization results in the dry out of vegetation, desertification, land encroachment 

and environmental degradation (Wang and Cui 2004). The negative impact of saline irrigation water can be mitigated by 

implementing appropriate management of saline water and soil, which requires a better understanding of how soil properties 

are affected by the irrigation system, water management strategies, irrigation frequency, etc., and when to use saline water to 

irrigate arid croplands. 

Type and Extent of Salinity 

Salinisation results from the mobilization of salts dissolved in rainwater and their concentration in water and soil, often far 

from their origins. This can occur due to natural processes or as a result of human activity.  

Primary salinity, arising from natural processes, results from the gradual accumulation of weathering products or from 

historical submergence under the sea. Soils affected by primary salinity are found throughout the world, particularly in arid 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            241 | P a g e  
 

and semiarid regions. Their condition varies in severity from slight salinity with little effect on plant growth to severe salinity 

where agricultural production is almost impossible.  

Secondary salinity arises when salt stored in the soil profile or groundwater gets mobilized and enters the root zone. This 

generally happens when extra water enters the system due to irrigation or other human interventions, such as land clearing. 

Extra water raises water tables or increases pressures in confined or semi-confined aquifers causing the upward movement of 

water to the soil surface. Saline water from deep aquifers or salt deposits from deep soil horizons can move upwards with the 

rising water. When the water table comes near or reaches the soil surface, appreciable upward movement of water occurs due 

to evaporation from the soil surface and salts accumulate in the root zone. Beyond the threshold level of the water table, the 

rate of evaporation and associated salinisation increase rapidly. Rising water tables not only induce secondary salinisation of 

land due to the upward migration of salts from saline aquifers and saline soil horizons but also lead to the increased movement 

of water and salts into rivers and streams, causing salinisation in downstream areas or later in the aquifer flow system. The 

over-extraction of groundwater leads to the double jeopardy of decreased water availability due to the dropping of water tables 

and depletion of aquifers, and the increased salinity of the water that remains.  

Traditionally, four levels of saline irrigation water have been distinguished: low salinity defined by electrical conductivity of 

less than 0.25 mmhos/cm (in current terminology equal to 0.25 dS/m); medium salinity (0.25 to 0.75 dS/m); high salinity (0.75 

to 2.25 dS/m), and very high salinity with an electrical conductivity exceeding 2.25 dS/m (US Salinity Laboratory Staff, 1954). 

Problems Associated with the Use of Saline Water 

1. Plant associated problems: Generally, salinity problems worsen with increasing salt concentration in irrigation water. Crop 

growth reduction due to salinity is generally related to decreased osmotic potential of the root-zone soil solution resulting in 

reduced availability of water to plants (despite the ability of the plant to adjust its internal osmotic potential in response to 

osmotic stress). This means that plants growing on saline soils often appear to be suffering from drought. Plants affected by 

salinity are generally stunted, leaves are smaller, though they may be thicker than those of normal plants, stunting of fruit 

development. Osmotically stressed plants may show no distinctive symptoms, however, so that only a comparison with normal 

plants from the same growing environment can reveal the extent of salt inhibition. 

2. Soil associated problems: Salinity also affects the soil physical properties. The divalent ions such as calcium are more 

strongly absorbed to clay surfaces than monovalent ions such as sodium, as a result calcium clays swell less than sodium clays. 

Clay swelling occurs because clay particles tend to use water to lower the exchangeable cation concentration near the negatively 

charged surfaces of the clay. Swelling causes aggregate breakdown or slaking and clay particle movement, which in turn leads 

to blockage of conducting pores. The reduction in pore radii will result in reduction in both saturated and unsaturated 

hydraulic conductivity as well as the infiltration rate. In addition, it also results in dense, hard crusts at the soil surface when 

the soil dries out. Moreover, the soil moisture characteristic curve will take different shape. In general, the swelling and 

consequently the hydraulic conductivity, decrease with an increase in sodium adsorption ratio (SAR) and with decrease in 

salinity of the irrigation water. Tillage, addition of gypsum to the soil surface, and of sulfuric acid or sulfur dioxide to irrigation 

water, help in reducing the SAR and ESP and ultimately improves the soil hydraulic conductivity and infiltration rate. 

3. Plant production using saline water: Salinity can negatively affect plants through three major components: osmotic, 

nutritious, and toxic stresses. When exposed to salinity, growth, development and yield of most cultivated crops tend to 

decline, with consequent reduction in their economic value. However, the response pattern of many crop species may 

substantially change due to environmental conditions (e.g., soil properties and weather) as well as by agricultural practices 

(e.g., irrigation methods). 

When saline water is used for irrigation, more attention should be given to minimize root-zone salinity, so that the growing 

crop is not affected adversely. While other methods include the need to select appropriate irrigation systems and practices that 

can supply a sufficient quantity of water to the root zone to meet the evaporative demand and to minimize salt accumulation 

inside the root zone. Other approach is to select crops and varieties that can tolerate a degree of water and salinity stress. 

Success of using saline water for economic crop production can be achieved by following the best management practices to 
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reduce the negative effects of the salinity on crop productivity or by cultivating salt tolerant varieties. Some suggested 

conclusions and recommendations are as follows: 

a. Dilution of poor-quality tube well water with substantial proportion of canal water can help to use it for a longer 

time even for salinity sensitive crops. 

b. Choice of crops when using only tub well water or with some dilution to the extent of 1/3 of the whole is essential 

because the sensitive crops are adversely affected even in a short period of 2-3 years.  

c. Extra water for leaching helps when the salinity/sodicity of water is only moderate (up to 1000 mg kg-1) but in case 

of waters with high salinity-sodicity leaching fractions used over and above evapo-transpiration requirements do not 

contribute much in soil amelioration because of the severe dispersion of the soil. Most of the water evaporates, rather 

than leaching down, causing further accumulation of salinity and sodicity in the root zone. 

d. Use of suitable soil amendments is a necessary management adjunct for the use of poor-quality water, which may 

be needed periodically depending upon the quality of water. The poorer the quality of water, the use of amendments 

will be necessitated sooner. Even minor salinity in the water can eventually necessitate the use of amendments after its 

protracted use. 

e. The choice of amendment materials depends on the availability, economics and practicability of use. Gypsum is 

evidently the most appropriate soil amendment. From the declining yields of sensitive crops and impeded water intake 

of the soil, the farmer can appreciate the ill effects of poor-quality water and this should be an indication for the use of 

soil amendments. The help of soil and water testing services should be sought for guidance in the use of soil 

amendments.  

f. Rainfall greatly helps in soil amelioration and improvement of yields in saline conditions. Therefore, proper 

consideration of agro-climatology factor is needed while planning projects of tube well irrigation. 

g. It is emphasized that recommendations about plant nutrition with a view to properly feed the crops should be 

practiced. 

h. A good choice of modes of water application is a must for these areas. 

i. An efficient leaching management system that includes volumes and frequencies.  

ii. A proper irrigation scheduling with convenient irrigation system. 

iii. A crop rotation adaptable to the prevailing conditions including irrigation water quality, soil salinity level, 

chemical and physical soil properties as well as the climatological conditions. 

Conclusion 

In spite of significant research breakthroughs in the management of salt-affected soils and marginal quality waters, the fast-

changing scenario and the emerging challenges have necessitated a paradigm shift in traditional approaches of salinity 

management in agriculture. Although proven and time tested, the existing technologies such as gypsum-based sodic soil 

reclamation and sub-surface drainage need immediate attention for further refinements so as to make them suitable for the 

changing needs. Large scale plantation efforts on salt affected soils on wastelands using funding support from the climate 

change related projects of Govt. of India can seem to one of the promising options to moderate global warming impact on 

agriculture in the near future. The focus should now shift from breeding for salt tolerance to the development of multiple stress 

tolerant genotypes. The efficiency of resource conservation technologies needs to be tested at farmers’ field. Research and 

development should go hand in hand for promoting the widespread adoption of proven salinity management technologies in 

an integrated mode. 
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Phosphate rock is a non-renewable alternative natural source of phosphorus. It serves as raw material for the chemical phosphatic fertilizers. 

The demand for the direct application of RP is rising continually as it would help reduce pollution as well as the burden on manufacturing 

industry for the greater demand of chemical phosphatic fertilizers, and this would ultimately serve as a cheaper source of P by helping in 

reversing soil fertility depletion. Although, on one hand, insoluble organic compounds of phosphorus are largely unavailable to plants, on 

the other hand many microorganisms can bring the phosphate into solution. It is of sedimentary origin so its direct application might be 

feasible due to the presence of somewhat open, roughly consolidated aggregates of microcrystals with large surface area. RPs yield superior 

results in acidic soils like that of oxisols and ultisols compared to alkaline and neutral soils with high pH, high P sorption capacity, low 

cation exchange capacity (CEC), low rainfall, low organic matter, low microbial activity, etc. Moreover, RP has significant proportion of 

isomorphic substitution in the crystal lattice and variable proportion of impurities and accessory minerals. 

Introduction 

The direct application of RP is useful mainly in soils with acidic pH with pH ranging 5.5–6.0 (Biswas et al., 2006) while 

minimum processing of RP is required due to its poor solubility in alkaline and neutral soils. Moreover, RP is not economically 

feasible for the soils with high adsorption capacities, low CEC, high pH, low rainfall, low organic matter content, and low 

microbial activity (Simpson et al., 2004). However, a limited number of climatic and soil situation are available in which direct 

application of RP can sufficiently provide nutrients for the fast-growing crops to feed the fast-growing population of the world.  

One strategy to increase the efficiency of directly applied RP is by the use of bio-inoculants, i.e. the use of Phosphorus 

Solubilizing Microorganisms (PSMs) and (Plant growth promoting rhizo-bacteria (PGPRs) and the other is by the mixing of RP 

with a well rotten product of crop residues and daily waste materials through a process known as composting. 

Use of PSMs and PGPRs 

PGPR are the bacteria present in the rhizosphere which directly or indirectly helps in growth and development of the plants. 

Many phosphate dissolving microorganisms in the vicinity of roots appreciably enhance phosphate assimilation by higher 

plants (Rajkhowa et al., 1999). The aim of PSM inoculation technology is to increase the efficiency of applied fertilizers. 

Application of PSMs increases the solubilization of P from RP (Whitelaw et al., 2000). Phosphate solubilizing bacteria (PSBs) 

and plant growth-promoting rhizobacteria not only improves the physicochemical properties of the soils, but also help in the 

solubilization of RP, which leads to increased availability of P to the crop plants. 

Certain mechanisms employed by these PGPR and PSMs regarding the solubilization of RP are:  

1. Production of certain organic acids like formic, acetic, propionic, lactic, gluconic, fumaric, and succinic which results in 

lowering the pH of microclimate in the rhizosphere. 

2. Synthesis of chelating compounds which help in easy flow of nutrients to the crop plants (Rashid et al., 2004). 

Other mechanisms include the production of phytohormones, siderophores, nutrient assimilation, protection of seeds from 

pathogens through antagonistic action, competition for the nutrients and space and emission of volatile organic compounds 

(Van Loon L, 2007; Ryu et al., 2003; Gyaneshwar et al., 2002 and Glick et al., 2007). Moreover, the presence of microbiota in the 

soil is an indicator of good soil health. In this way, the application of these bio-inoculants not only helps in the solubilization 

of fixed P in RP but also reduces the amount of expensive chemical phosphatic fertilizers being applied to the soil, thereby 

providing a cheaper and sustainable source of P for the plants.  
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Under biotic and abiotic stress of nutrients, there is increased production of ethylene that is a well renowned stress hormone 

and causes senescence, abscission, and chlorosis in the environment where it is produced. As there is phosphorus stress due to 

the low recovery efficiency of phosphatic fertilizers, certain strategy needs to be adopted that can reduce the amount of ethylene 

in the rhizosphere of the plants. ACC is the precursor of ethylene so, strategy to use the microorganisms that can use its 

precursor the ACC as a nutrient source can be employed which reduces the amount of ethylene produced. PGPR with ACC-

deaminase activity. contain an enzyme ACC-deaminase that can convert ACC, the precursor of ethylene, into ammonia and α-

ketobutyrate, thereby reducing the ethylene stress and ultimately increasing the plant growth especially through the 

proliferation of root growth with increased surface area to explore more soil volume (Zaidi et al., 2006). This in turn increases 

the root growth of the crop plants along with improved yield through increased absorption of nutrients. So, it could be 

imperative to use both types of microorganisms either with the ability to solubilize P from the RP, or by decreasing the level of 

ethylene through the enzyme ACC-deaminase. 

Problems Associated 

Certain problems associated with biofertilizers like shelf life and lack/limited knowledge about their mechanism of action is 

still be to solved. Poor handling and lack of availability in remote areas are also one of the problems due to poor extension 

work to disseminate their beneficial effects to the crops in remote areas. These issues can be solved by employing 

biotechnological approaches to produce certain genetically modified organisms (GMOs) which could sustain the harsh 

environmental conditions and thereby improved shelf life. 

Use of Phospho-compost 

In India, most of the phosphatic fertilizers are imported, as most of the reserves of available RP are of poor quality, which 

hinders its use for the preparation of phosphatic fertilizers. So, the possible strategy to cope with this situation would be to 

utilize the capacity of composting in increasing the solubility of raw RP. It is one of the most efficacious strategies for the 

recycling of organic waste materials which helps in boosting the level of organic matter, thereby playing an important role in 

productivity and sustainability of the soil. The mechanisms behind this solubilization includes the release of organic acids 

during the decomposition of organic residues which helps solubilize RP by lowering the pH, and by the conversion of inorganic 

P in RP into organic P which becomes available to the plants after mineralization in the soil (Kolawole et al., 2010). 

The role of composting in ameliorating the soil fertility, structure, and plant growth is well known and during the advancement 

of this process, organic acids (humic, fulvic acids, etc.) are released which helps to solubilize the fixed P present in RP, thereby 

increasing the availability of P to the plants. The quantity of available P varies with the nature of organic residues being used 

in the composting process and its rate of decomposition.  

SOM serves as a basic source of mineral nutrients in the soil, e.g. nitrogen, sulfur, and phosphorus. About 95% of the total N 

and S, and up to 75% of P in the surface soil is in organic forms (Tarafdar et al., 2003). The organic P in the soil exists in various 

forms of which phytic acid is the most important one. Other organic compounds include mono and di-esters, phospholipids, 

nucleotides, sugar phosphate, phosphoproteins, and phosphonates. The release of P from its organic compounds is not a very 

simple process and depends on many factors, like the relative stability of the organic substances and their chemical 

composition, climatic conditions, physicochemical properties of the soil, cropping scheme, and their interaction with mineral 

fertilizers (Bossche et al., 2005). Organic fertilization through compost application is a common practice for sustainable 

agricultural production and P cycling (Emmerling et al., 2000). Long term application of organic fertilizers in the form of 

composts results in boosting the organic P in the soil. The conversion of this organic P into inorganic P or the mineralization 

depends on the type of compound being mineralized, e.g. orthophosphate di-esters are quickly mineralized compared to 

orthophosphate monoesters (Condron et al., 2004). Mineralization helps in increasing the total available P, which is due to 

reduction in the P adsorption and increased rates of microbial enzyme activities, which boost up the biologically mediated 

turnover of organic P into inorganic P. 

Different composts have well renowned effect on improving the fertility status, physicochemical, and biological properties of 

the soil which ultimately results in improving the growth and yield of crop plants. Intensive agriculture has become essential 

to feed an ever-increasing population of the world. Similarly, burning of farm waste not only increases the environmental 

pollution due to the emission of CO2 but also causes the wastage of nutrients and very precious organic matter. So depending 
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solely on organic fertilizers would not be a wise strategy, instead the combined use of organic and an economical source of P 

like that of RP would serve better compared to the use of organic or chemical fertilizers alone. Moreover, the composting 

process helps in the recycling and stabilization of organic wastes, which reduces their contribution to the environmental 

pollution, and this stable product can increase the plant production. The properly employed process of composting converts 

the organic wastes into a stable and mature product of carbon, i.e. humus, while improperly composted organic wastes lead to 

the immobilization of plant nutrients and cause phytotoxicity (Camberdella et al., 2003). During composting, heat is produced 

which helps in the destruction of pathogens as well. The properties of composts depend not only on the chemical nature of 

organic wastes being composted but also the make-up of the organic material during composting. In other words, stability and 

maturity indices are good indicators of the worth of composted material. The following parameters including C:N ratio, carbon 

contents (water soluble), CEC, humus contents, and the evolution of carbon dioxide from the finished composted material is 

used to evaluate the stability and maturity of the composted material. 

Integrated Application of RP, PSMs, and Compost (Bio-organo-phos) 

The PGPR include all the bacteria found in the rhizosphere, which directly or indirectly enhance plant growth. These may be 

involved in enhancing the availability of nutrient directly or through other indirect mechanisms like lowering the pH of 

rhizosphere. PSMs are the PGPR and can be utilized for enhancing the availability of P, which has a direct effect on plant 

growth. 

Conclusion 

For sustainable agriculture, there must be a positive link between the nutrients applied to the soil and crop uptake. This link 

can be made successful if we employ an integrated approach, i.e. the use of RP-enriched organic fertilizer. In this way, we can 

be able to employ a sustainable approach to meet the needs of crops for P in an environment friendly way. The use of this 

approach would not only be helpful in the restoration of degraded soils, but would also be helpful in minimizing organic 

wastes that could be composted to make organic fertilizer. The use of indigenous sources of RP would help minimize the 

energy use during its conversion into chemical phosphatic fertilizers. The product would help the farmers in reducing their 

expenditures to purchase chemical fertilizers, and would also reduce the import budget on national level.  
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The importance of traditional use of medicinal plants has a long history. Ancient people as well as our ancestors were mainly 

dependent on plants for their recovery against disease. Momordica cymbalaria, a medicinal herb is also one among traditionally 

grown plant. It is a hub of many phytonutrients which can potentially use to manage many diseases like diabetes, many studies 

have suggested that it can be used as a vital medicament and can be used as an alternate medicine and serving to nutritional 

security as well. 

Introduction 

Momordica cymbalaria is one of the species of cucurbitaceae family. The plant is a perennial climber available only during 

monsoon season and is found in south Indian states of Andhra Pradesh, Telangana, Karnataka, Maharashtra, Tamil Nadu. It 

is used in the local folk medicine as an abortifacient and for the treatment of diabetes mellitus. It is a relative of the bitter melon 

plant (M. charantia) which is also used against diabetes. The plant has also been named Luffa tuberose (Roxb.) or Momordica 

tuberose (Roxb.) Pharmacological studies indicate possible action of extracts of the plant on several medical conditions. The 

water extract was reported to have hypoglycemic activity in diabetic rabbits but not in normal rabbits. The ethanol extract was 

reported to protect rats from isoproterenol induced myocardial injury. 

Botany 

1. The plant is climbing annual, with slender, scandent branched striate stem.  

2. The leaves are orbicular-reniform in outline, deeply cordate at the base, obtusely lobed with 5-7 lobes. 
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3. The roots are woody, tuberous and perennial. 

4. The fruits are 20-25 mm long, pyriform with 8 sharp ridges which is fleshy, dark green and ribbed. 

5. The seeds are 4.6mm long, ovoid shape, smooth and shiny. 

 

 

 

 

 

 

6. Flowers are unisexual.  

7. Male flower peduncle is 5-30 mm long, filiform, ebracteate with 2-5 flowers in racemes with pale yellow corolla and two 

stamens for each corolla.  

8. The female flower is solitary on peduncle of 28 mm length. 

 

 

 

 

 

 

Table 1: Proximate Principles and Nutritional Composition of Momordica Cymbalaria 

Constituent* M. cymbalaria M. charantia 

Moisture  84.30 83.20 

Crude fibre 6.42 1.70 

Carbohydrate  12.60 10.60 

Protein  2.15 2.10 

Food energy  3.00 60.00 
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Calcium 72.00 23.00 

Potassium  500.00 171.00 

Sodium  40.00 2.40 

Iron  1.70 2.00 

Copper  0.18 0.19 

Manganese 0.32 0.08 

Zinc  2.82 0.46 

Phosphorous 0.46 38.00 

Vitamin C 290.00 96.00 

β carotene 0.01 126.00 

*Nutrient composition, mg/100 g.                                                                  Gopalan et al., 1993 

Therapeutic Uses 

1. Diabetes, malaria, colic, sores and wounds and infection, worms and parasites, as an emmenogue and for measles and 

hepatitis and fever.  

2. Anthelmintic activity.  

3. Root is astringent, abortifacient, aphrodisiac and also used to treat constipation, indigestion, diabetes, diarrhoea and 

rheumatism.  

4. The extract of plant also contains antioxidant properties. 

Hepatoprotective Activities of Momordica Cymbalaria 

Kumar et al.,2008 

Antidiabetic and Hypoglycaemic activity 

The fruit powder of Momordica cymbalaria possess antidiabetic and hypoglycaemic activity. 

Hepatoprotective Activities of Momordica Cymbalaria  

The ethanolic extract of roots of Momordica cymbalaria could protect the liver cells, by its antioxidative effect on hepatocytes. 

Mechanism 

1. Stimulation of protein synthesis has been advanced as a contributory hepatoprotective mechanism, which accelerates the 

regeneration process and the production of liver cells. 

2. The diminished lipid peroxidase activity after treatment with the MC may be attributed to the antioxidant activity of the 

plant by scavenging the CCl3 • free radical generated due to the metabolic transformation of CCl4 in the liver. Glutathione 

content in the liver plays a primary role in the protection against trichloromethyl radical-induced liver damage. 
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Antimicrobial Activity 

The antimicrobial activity of petroleum ether, chloroform, ethanol and aqueous extract of aerial parts of the plant were studied 

using Staphylococcus aureus, Klebsiella pneumonia, Escherichia coli, Pseudomonas aeruginosa and Aspergillus niger (Fungi) as test 

organisms. All the extracts were effective against all the four microorganisms. The result reveals that the plant extract has very 

good inhibitory activity against gram negative organism when compared to standard antibiotics. 

Other Medicinal Properties 

Pharmacological activity Part of plant Extract Impression 

Wound-healing activity  Tuber  Methanol extract Showed faster as well as better 

wound closure and wound 

contraction. 

Anticonvulsant activity  Tuber  Ethanolic extract  Decreased the duration of 

tonic clonic seizures and 

recovery time. 

 

Conclusion 

Herbal remedies cost less than medicines and are more convenient. The higher occurrence rate of worldwide diabetes, cancer, 

obesity, hypertension and neurodegenerative diseases becomes alarming to all. Hence it is important to use and explore 

nutritional, nutraceutical properties, physiological bioactivities and their possible mechanism of Momordica cymbalaria on 

human health. As it contains significant amount of such as phenolic acids, flavonoids, carotenoids, cucurbitane triterpenoid, 

and phytosterol and these may play pivotal role against several diseases including diabetes mellitus, cardio-protective, ulcer, 

cancer, and diabetic neuropathy. 

References 

1. Parvathi, S.; Kumar, V. J. F. (2002). "Studies on chemical composition and utilization of the wild  edible vegetable 

athalakkai (Momordica tuberosa)". Plant Foods for Human Nutrition 57  (3/4): 215–222.  

2. Rao, B. K.; Kesavulu, M. M.; Giri, R.; Appa Rao, C. (1999). "Antidiabetic and hypolipidemic  effects of Momordica 

cymbalaria Hook. Fruit powder in alloxan diabetic rats". Journal of  Ethnopharmacology 67 (1): 103–109.  

3. Raju Koneri, R. Balaraman, Firdous, Vinoth Kumar M. (2008) Hepatoprotective Effects of  Momordica  cymbalaria 

Fenzl against CCl4 Induced Hepatic injury in Rats.  Pharmacology online 1: 365-374.  

4. Parvathi S, Kumar VJ. (2002) Studies on chemical composition and utilization of the wild edible  vegetable 

Athalakai. Plant food human nutrition. 57:215-22.  

5. WHO (2002) Traditional Medicine: Growing Needs and Potential WHO Policy Perspectives on  Medicines, World 

Health Organization, Geneva pp.1-6 

6. Kameswararao B, Kesavulu MM, Apparao C. (2003) Evaluation of antidiabetic effect  of Momordica  cymbalaria fruit in 

alloxan-diabetic rats. Fitoterapia. 74:7–13. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            252 | P a g e  
 

Microbial Enzymes in the Food Industry 

Article id: 23687 

Akanksha Singh: Ph.D. Research Scholar, GBPUAT, Pantnagar, Uttrakhand. 

Shashank Singh: Assistant Professor, KNIPPS, Sultanpur, UP. 

 

Introduction 

The application of microorganisms, such as bacteria, yeasts and principally fungi, by the food industry has led to a highly 

diversified food industry with relevant economical assets. Fermentation, with special reference to the production of alcoholic 

beverages, ethyl alcohol, dairy products, organic acids and drugs which also comprise antibiotics are the most important 

examples of microbiological processes. Although plants, fungi, bacteria and yeasts produce most enzymes, microbial sources 

produced enzymes are more advantageous than their equivalents from animal or vegetable sources. The advantages assets 

comprise lower production costs, possibility of large-scale production in industrial fermentors, wide range of physical and 

chemical characteristics, possibility of genetic manipulation, absence of effects brought about by seasonality, rapid culture 

development and the use of non-burdensome methods. The process of enzyme production by cultivation of microorganisms 

involves use of starch substrates in growth media. The reasons for application of microorganisms for production of enzymes 

in industries are selected after thorough screening process for improvement in enzyme efficiency. Fermentation method 

involving downstream processing is useful to carry out extraction, filtration and separation process to remove impurities from 

the medium. There is a demand at global level for production of microbial enzymes which are widely used in food, textile and 

paper industries. Microbial enzymes produced by conventional fermentation methods involving downstream processing 

reported loss of enzyme activity and also overall recovery of enzyme is found to be very less. To improve overall recovery of 

enzymes and their activity membrane augmented downstream processing method equipped with microfiltration and 

ultrafiltration membranes is used. This method is aimed to improve the concentration, purity and percentage of recovery of 

enzymes in fewer steps and overall costs is very low. 

Production of Enzymes 

The protein biocatalyst, called enzyme, used by living cells are responsible for numerous metabolic processes of the cell. The 

use of microbial enzymes, although has been going on for centuries. 

Table No. 1 Microbial Enzymes, Sources, and Uses 

Enzymes Sources Industry Application 

Amylase Aspergillus niger 

A.oryzae 

Bacillus subtilis 

Rhizopus spp. 

Baking 

Brewing 

Food 

Food 

 

Flour supplement 

Mashing 

Precooked food 

Syrup manufacture 

Cellulose niger Food Preparation of liquid coffee  

Invertase Saccharomyces cerevisiae Food Artificial honey 

Prevent granuation in soft 

centred candies 

Dextransucrase Leuconostoc mesenteroids Food Dextron for various uses 

Glucose oxidase A.niger Food Glucose removal from egg 

solids 

Renninike enzymes M.miefiei Food Curdling of milk for cheese 

Pectinase A.niger Food Clarification of wine and 

fruit juices 
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Lactase F.fragilis Dairy Hydrolysis of lactose 

Proteases A.oryzae Brewing Prevent chill haze in beer 

Enzymes from Microbial Sources 

Microbial enzymes are known to be superior enzymes obtained from different microorganisms, particularly for applications 

in industries on commercial scales. Though the enzymes were discovered from microorganisms in the 20th century, studies on 

their isolation, characterization of properties, production on bench-scale to pilot-scale and their application in bio-industry 

have continuously progressed, and the knowledge has regularly been updated. Many enzymes from microbial sources are 

already being used in various commercial processes. Selected microorganisms including bacteria, fungi and yeasts have been 

globally studied for the bio-synthesis of economically viable preparations of various enzymes for commercial applications. In 

conventional catalytic reactions using biocatalysts the use of enzymes, either in free or in immobilized forms, is dependent on 

the specificity of enzyme. In recent advances of biotechnology, according to the requirements of a process, various enzymes 

have been and are being designed or purposely engineered. Various established classes of enzymes are specific to perform 

specialized catalytic reactions and have established their uses in selected bio-processes. A large number of new enzymes have 

been designed with the input of protein-engineering, biochemical-reaction engineering and metagenomics. Various molecular 

techniques have also been applied to improve the quality and performance of microbial enzymes for their wider applications 

in many industries Most of the commercially applicable proteases are alkaline and are bio-synthesized mainly by bacteria such 

as Pseudomonas, Bacillus, and Clostridium, and some fungi are also reported to produce these enzymes. Molds are used as 

sources of amylases as well as of other hydrolytic enzymes, the species and strain of mold being selected especially for the 

purpose. For the production of preparation rich in amylase, Aspergillus oryzae has been used most although. 

Microorganisms are used as source for production of enzymes, biomolecules and proteins in industries. Few examples of source 

of microorganism include Saccharomyces cerevisiae and Aspergillus niger are widely used in industries for production of 

enzymes and alcohol. The strategies differ from each source of microorganism for example in case of fungal source the 

emphasis is more on porosity of cell wall, differentiation, secretion and branching. 

Microbial Enzymes in Bioremediation 

1. Microbial Oxidoreductases: The detoxification of toxic organic compounds by various bacteria and fungi and higher plants 

through oxidative coupling is mediated with oxidoreductases. Microbes extract energy via energy-yielding biochemical 

reactions mediated by these enzymes to cleave chemical bonds and to assist the transfer of electrons from a reduced organic 

substrate (donor) to another chemical compound (acceptor). The oxidoreductases participate in the humification of various 

phenolic substances that are produced from the decomposition of lignin in a soil environment. 

2. Microbial Laccases: Laccases (p-diphenol:dioxygen oxidoreductase) constitute a family of multicopper oxidases produced 

by certain plants, fungi, insects, and bacteria, that catalyze the oxidation of a wide range of reduced phenolic and aromatic 

substrates with concomitant reduction of molecular oxygen to water . Many microorganisms produce intra and extracellular 

laccases capable of catalyzing the oxidation of ortho and paradiphenols, aminophenols, polyphenols, polyamines, lignins, and 

aryl diamines as well as some inorganic ions.  

3. Microbial Lipases: Lipase degrades lipids derived from a large variety of microorganisms, animals and plants. Recent works 

have shown that lipase is closely related with the organic pollutants present in the soil. Lipases have been extracted from 

bacteria, plant, actinomycetes, and animal cell. Among these microbial lipases are more versatile because of their potent 

application in industries. These enzymes can catalyze various reactions such as hydrolysis, interesterification, esterification, 

alcoholysis and aminolysis. Lipase has many potential applications in food, chemical, detergent manufacturing, cosmetic, and 

paper making industries, but its production cost has restricted its industrial use. 

4. Microbial Cellulases:  Some organisms produce cell bound, cell envelope associated, and some extra cellular cellulases. 

Extracellular cellulases, hemicellulases, and pectinases have been shown to be constitutively expressed at very low levels by 

some bacteria and fungi. During the enzymatic hydrolysis, cellulose is degraded by the cellulases to reducing sugars that can 
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be fermented by yeasts or bacteria to ethanol. Cellulase enzymes are capable of degrading crystalline cellulose to glucose. 

Alkaline cellulases are produced by Bacillus strains and neutral and acidic cellulases by Trichoderma and Humicola fungi. The 

cellulases are added during brewing to increase the juice liberation from fruit pulp and for the production of ethanol from 

cellulosic biomass. 

5. Microbial Proteases: Proteases hydrolyze the breakdown of proteinaceous substance which enter atmosphere due to 

shedding and moulting of appendages, death of animals, and also as byproduct of some industries like poultry, fishery, and 

leather. Proteases belong to group of enzymes that hydrolyze peptide bonds in aqueous environment and synthesize them in 

nonaqueous environment. Proteases have wide range of applications in food, leather, detergent, and pharmaceutical industry. 

Table No. 2 Some Commercial Enzymes and Source Microorganisms 

Source Enzyme Microorganism 

Fungal Amylases Glucosidases Proteases 

Pectinases Glucose oxidasel Catalase  

Aspergillus flavus pergillus oryzae (Aspergillus 

niger, Penicillium notatum, 

Aspergillus niger) 

Bacterial Amylases Proteases  Bacillus subtilis Penicillinase 

Yeast  Invertase Lactase  Saccharomyces cerevisiae 

Saccharomyces fragilis 

 

Table No. 3 Summarized Overview of Some Microbial Enzymes with Special Characteristics of Industrial 

Importance 

Enzyme Properties Producer Microbes Applications 

PROTEASE  

(Proteolytic activity 

Acidic, Neutral, Alkaline, 

Thermophilic, Active in 

presence of inhibitory 

compounds 

Bacilli; Pseudomonas; 

Clostridium; Rhizopus; 

Penicillium; Aspergillus 

Washing Powders; Detergents; 

Tannery; Food Industry; 

Leather processing; 

Pharmaceuticals;  

KERATINASE 

 (Keratin hydrolyzing 

activity) 

Specific Proteolytic Activity 

for Insoluble & Fibrous 

Proteins in furs, feathers, 

wool, hair; Thermophilic; 

Alkalophilic; Oxidation-

Resistant 

Bacteria; Actinomycetes; Fungi Animal Feed Production; 

Textile Processing; Detergent 

Formulation; Leather 

Manufacturing; Medicine 

AMYLASE  

(Starch hydrolyzing 

activity 

Thermotolerant, 

Thermostable, 

Alkaliresistant-Exo-, endo-, 

de-branching, 

cyclodextrinproducing 

enzymes 

Bacillus sp.; Geobacillus Starch industry (for 

liquefaction); Paper, Food 

industry (Glucose & Maltose 

syrups, High Fructose Corn 

syrups, clarified fruit-juices); 

Pharmaceutical industries 

(Digestive aid); Brewing 

Industry (Starchprocessing); 

Textile industry (Warp-sizing 

of fibers); Baking industry 

(delayed staling) 

XYLANASE 

 (Xylan– Pentose 

polymer hydrolyzing 

activity) 

Extremophilic characteristics– 

Alkalophilic, Thermophilic & 

Thermostable 

Thermoactinomy ces 

thalophilus; Bacillus sp.; 

Humicola insolens. Bispora 

(acidophilic fungus) 

Pentose production - 

Bioconversion of hemicellulose 

for fuel & Chemicals; Fruit-

juice clarification; Improving 
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rumen digestion; Paper 

industry- selective removals of 

xylans from kraft-pulp; 

Brewing industry 

LIGNINASE 

(Ligninolytic Complex 

enzyme) 

Oxidative properties in 

Lignin peroxidase, 

Manganese peroxidase & 

Laccase; Thermophilic 

Basidiomycetes strains— 

Steccherinum ochraceum, 

Polyporus versicolor, Panus 

tigrinus 

Denim washing; Bio-sensors; 

Bio-bleaching of Kraft-pulp; 

Bioremediation; Pollution-

control; Treatment of 

recalcitrant chemicals in 

Textile and Industrial effluent 

CELLULASE 

(Cellulolytic complex 

enzyme) 

Saccahrification of crystalline 

& amorphous cellulose; 

Thermophilic; Thermostable 

Basidiomycetes strains 

Polyporus sp.; Pleurotus sp.; 

Trichoderma sp.; Aspergillus sp 

Glucose feedstock from 

cellulose; Bio-refinery; 

Bioethanol; Paper-pulp 

industry 

LIPASE 

 (Lipolytic activity) 

Fat- splitting; 

Stereoselectivity; Racemic-

Resolution activity; Solvents-

resistant; Thermotolerant 

Yeasts and Fungal strains 

Candida sp., Aspergillus sp, 

Penicillium sp., Rhizopus, 

Mucor 

Detergents; Dairy Industryoils, 

fats, Butter, Cream, Fat-

Spreads; Feed supplement; 

Therapeutic agent 

Conclusion 

Microbial enzymes produced in industries are mainly based on three important criteria include microbial sources, strain 

improvement and methods involved in recovery of enzyme in greater quantities with good quality and efficiency. Membrane 

filtration technique augmented with downstream processing replaced traditional approaches to increase the percentage of 

recovery of enzymes and also for improved activity of enzymes. Industries involved in production of microbial enzymes 

expressed interest in application of membrane filtration technique which showed increase in purity, efficiency and activity of 

enzymes. The future of modern biotechnology lies in application of genetic engineering procedures for getting desired product 

by membrane filtration technique augmented with downstream process which is considered as replacement for chemical 

methods and this process saves energy and keep environment free from pollution. 
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Introduction 

Agriculture, the major sector of Indian economy provides employment to 50% of the country’s population. Farmers face many 

challenges in agricultural crop production. Climate change is one such fact which is rapidly altering the environment. Due to 

climate change there is an increase in the variability of rainfall and a rise in the frequency of drought and floods, which is likely 

to reduce the crop yields.  Climate change will also contribute to the existing long-term environmental problems such as ground 

water exhaustion and soil degradation which will affect food supply, food quality, food access and utilization of agriculture 

production systems. Even after being the largest producer of rice, pulses, wheat, spice products, etc. supplying food for the 

population is challenging in India. Therefore, the farming industry must adopt cross-platform technologies for sustainable 

productivity.  

Cross-platform Technologies 

Digital transformation 

is a boon in the 

agricultural world. 

The use of technology 

like soil sensors, 

drones and livestock 

monitoring gadgets 

has led to data-driven 

farming and produce 

quantities of priceless 

information in terms 

of volume, variety, 

velocity and veracity. 

The solution lies in 

making use of 

cognitive technologies 

that help understand, 

learn, reason, interact 

and increase efficiency. The end output is to help agricultural businesses to go better with more informed decisions, allowing 

the farmers to benefit with range of advantages. Ultimately the applications and practices use all this information creating a 

new era of ‘smart farming’. Following are some cross-platform technologies which hold great promises. 

Internet of Things (IoT) 

IoT is connected devices through internet which is now growing and has penetrated in number of aspects in our life. IoT 

technologies allow connection of structure and unstructured data to provide insights into food production. Undoubtedly 

application of IoT in agriculture would tremendously improve many phases of the farming practices. Farmers have started 

using agriculture gadgets as an outcome of technological transformation in the last decades.  Smart farming with IoT will 

Figure 1 Cross-platform technologies 
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enable the farmer to enhance productivity. Many IoT platforms are applying machine learning to sensor or drone data, 

transforming management systems into real Artificial Intelligence (AI) systems. 

Automation of Workforce 

New technologies will ease the workload on farmers. Operations will be done remotely with the help of sensors where the 

processes will be automated. Best example which are very relevant today is a self-driving tractor which are GPS enabled will 

help reduce human errors in farming. They can solve the workforce problems and farmers can navigate them remotely. 

Automating the irrigation system is another major workforce reduction technology with sensors. Sensor drones can identify 

which parts of a field are dry or need improvement, thus risks will be identified and issues are solved instantly resulting in 

higher crop productivity, decrease in use of water, fertilizer and pesticides. Further, the insightful information derived from 

the sensor could help farmers in the use of pesticides and fertilizer. Thus, in future a farmer’s skills will increasingly be a mix 

of technology and biology skills rather than wholesome agricultural. 

Data-driven Farming 

Farmers and agricultural suppliers will increasingly be expected to do more by increasing productivity from limited resources 

and inputs. Due to these pressures, innovative technologies such as precision farming will play a major role in the development 

of agriculture and will present a multitude of opportunities to farmers to adapt their practices and input applications to inter 

and intra-field variability in crops. Big data has become prominent across a variety of economic sectors and is now being 

increasingly applied to agriculture. By analyzing and correlating information about weather, types of seeds, soil quality, 

probability of diseases, historical data, marketplace trends and prices, farmers can make more informed decisions. 

Virtual Assistant through AI 

Currently, AI powered virtual assistants are used in media, retail, travel, visual communication and insurance sectors. Soon 

agriculture could also influence this technology by assisting farmers with answers and recommendations on specific problems. 

The value of drone powered solutions is one of the most promising area in agriculture and have the potential to address major 

challenges. Thus, virtual assistants are giving agriculture a high-tech revolution to the farmers. 

Crop Monitoring 

Inefficient crop monitoring is a huge hindrance to the farmers. With drones, time-series animations can show the development 

of a crop and reveal production inefficiencies, enabling better management. Moreover, drones can play a role in planning seed 

sowing and gathering data for managing irrigation and nutrient requirements by producing precise 3-D maps for early soil 

analysis. 

Conclusion 

IoT utilization in agriculture will address many challenges which will encourage the quality, quantity and agricultural 

production at reduced cost. It is estimated that agricultural IoT devices will be more dominant in coming years through which 

enormous amount of data is generated which in turn help to have sustainable productivity. Efficiency and productivity will 

increase in the coming years as “precision agriculture” becomes bigger and farms become more connected. Unmanned Aerial 

Vehicles (UAVs) may one day consist of autonomous swarms of drones, collecting data and performing tasks. The biggest 

obstacle to that becoming a reality is sensors capable of collecting high-quality data and number-crunching software that can 

make that high-tech dream a reality. Thus, the demand for growing population can be successfully met if farmers implement 

cross-platform solutions in a successful manner. 
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Introduction 

Ragi, Eleusine coracana L. is also known as Finger millet. It is an important staple food in parts of Eastern and Central Africa 

and India. It is extensively grown in Karnataka, Tamil Nadu, Andhra Pradesh, Orissa, Bihar, Gujarat and Maharashtra and in 

the hilly regions of Uttar Pradesh and Himachal Pradesh. It is an important edible cereal in Karnataka. The height of cultivars 

varies from 40 cm to 1 m and the spike length ranges from 3 to 13 cm. The colour of grains may vary from white through 

orange-red deep brown and purple, to almost black. The grains are smaller than those of pearl millet, and the mean 1000-seed 

weight is about 2.6 g. Ragi is grown from May to September, as a hot weather crop using long duration varieties and from 

November and December, as a cold season crop using early types. Ragi is monocropped in India under irrigation or 

transplantation. Under rainfed condition, it is mostly intercropped with cereals, niger, groundnut and pulses. The most 

common subsidiary crops grown with ragi are field bean, pigeon pea, cowpea and niger. Ragi is chopped and weeded at 

intervals of 14 days or so. The number and frequency of irrigations varies with seasonal conditions. Ragi matures 3-5 months 

after sowing, depending on variety, season and soil properties. Rainfed crops are cut close to ground, stalks are allowed to 

wither for a day or two in field, and then bundled and stacked for about 2 months before threshing. To separate the grains, 

dried ear heads are beaten with sticks, sheaves are trodden by bullocks or crushed by stone rollers. The average yield of the 

rainfed crop ranges from 10 to 15 q ha-1, whereas the irrigated crop yields up to 40 or 50 q ha-1. The fodder yield ranges from 

30-90 q ha-1. 

Health Benefits and Nutritive Value: 

1. Ragi is rich in calcium and gives strength to the body. 

2. Ragi ball is best for weight loss and cure diabetes. 

3. Ragi cherry is one of the best semi-solid foods. It is the best baby food in India to make kids strong. 

4. Ragi is also a rich source of fiber and helps in reducing cholesterol level. 

5. Ragi is considered one of the most nutritious cereals.  

6. Ragi contains about 5–8% protein, 1–2% ether extractives, 65–75% carbohydrates, 15–20% dietary fiber and 2.5–3.5% minerals. 

Of all the cereals and millets, finger millet has the highest amount of calcium (344 mg %) and potassium (408 mg %). The cereal 

has low fat content (1.3%) and contains mainly unsaturated fat.  

7. 100 grams of ragi has roughly on an average of 336 KCal of energy. However, the millet also contains phytates (0.48%), 

polyphenols, tannins (0.61%), trypsin inhibitory factors, and dietary fiber, which were once considered as “anti-nutrients” due 

to their metal chelating and enzyme inhibition activities (Vishwanatha et al., 2009) but nowadays they are termed as 

neutraceuticals. 

8. Being non-glutinous, ragi is safe for people suffering from gluten allergy and celiac disease. It is non-acid forming, and hence 

easy to digest. 

9. Ragi is rich in amino acids (Tryptophan, Threonine, Valine, Isoleucine and Methionoine) (Dida et al., 2007). 

Products Prepared from Ragi 

1. Ragi Wheat Bread: For those who love bread. Crisp bread made with healthy ingredients like ragi, yogurt, wheat, gur and 

spinach. 
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Ragi Wheat Bread 

Ragi Oats Ladoo 

2. Ragi Malpua: A healthy version of one of the most popular Indian desserts, this one is made with ragi flour, whole wheat 

and oats. 

3. Ragi Cookies: Cookies get a healthy makeover. Dark brown crisps with the goodness of ragi.  

4. Ragi Roti: Stuff with carrots, sesame seeds and spices, ragiroti is a healthy as well as delicious Indian bread to prepare for a 

meal. 

5. Ragi Oats Ladoo: It makes with ragi flour, oats flour, dates and honey and then wrap these small rounds in ground sesame 

seeds and coconut flour. 

6. Ragi Wheat Dosa: Ragi wheat dosa is filling and wholesome and made with wheat ragi flour. 

7. Ragi Mudde: A simple yet satisfying dish. Ragimudde are dainty roundels that are served best with sambar. Very popular 

food in Karnataka. 

8. Baked Ragi Chakli:  Made with healthy ragi flour, this baked chakli or murukku is great snack to pair with a cup of tea.The 

name murukku is derived from a Tamil word which actually means 'twisted' that refers to the shape of this salty, savory snack. 
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Rugose Spiralling Whitefly (RSW) (Aleurodicus rugioperculatus Martin) is an invasive pest on coconut reported from Tamil 

Nadu, Kerala and Andhra Pradesh during July-August 2016. It is polyphagous pest with more than 200 host plants and 

reported seriously in coconut growing regions of South India. 

Introduction 

RSW is a small sap sucking insect belonging to the order Hemiptera. Eggs are elliptical and yellowish in colour with a short 

stalk which are laid singly and associated with irregularly spiralling deposits of white flocculent wax surrounding each egg in 

a semi-circular spiralling fashion. The adults are very small with dark spots on the forewings. Adult whiteflies have opening 

on the ventral side through which the white flocculent material emerges out. 

Nature of Damage 

The spiralling whitefly may cause damage to crops in several ways. The feeding of the adults, particularly the sucking of sap 

by the first three nymphal stages, weakens the plant and causes leaves to fall prematurely. Extensive feeding of the insect leads 

to the excretion of honey dew which subsequently gets deposited on the upper surface of the leaves. Honeydew attracts ants 

and encourages growth of the fungus Capnodium sp. affecting the photosynthetic efficiency of the plant and makes it 

unmarketable. The nymphs produce a flocculent white waxy material and this may be dispersed by the wind and create "an 

unsightly nuisance". In some cases, these may cause the complete loss of the crop. 

Natural Enemies 

Hymenopteran parasitoid, Encarsia sp. (<1 mm size) is the effective parasitoid. 

Management Strategies 

1. Application of 1% starch solution on leaflets to flake out the sooty moulds. 

2. Installation of yellow sticky traps on the palm trunk to trap adult     whiteflies. 

3. Encourage buildup of parasitoids (Encarsia guadeloupae) and re-introduce parasitized pupae to emerging zones of whitefly 

outbreak. 

4. In severe case, spray neem oil 0.5% is recommended. 

5. Complete destruction of RSW and immature stages on coconut seedlings by spraying imidacloprid 0.005% to avoid spread 

of the pest to new areas.   

6. Habitat conservation of sooty mould feeding scavenging beetles (L. nilgirianus) in  the palm ecosystem. 
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Proteins are large, complex molecules that play a vital role in all living organisms, including plants. Even though the content of protein is 

considered to be low in plants, their contribution in many stages of growth and development, of plant’s life, is tremendously significant. 

Remorins (REM) are plant specific proteins found in plasma membrane microdomains (termed lipid or membrane rafts) and plasmodesmata. 

It helps the plants in both biotic and abiotic stresses. 

Introduction 

Remorin are plant specific-proteins that comprises a multigene family in all land plants, including ferns and mosses. The name 

‘‘remorin” is based on ‘‘remora fish” is described to attach itself to larger fish and ships, likewise REM also having the ability 

to attach with the plama membrane (PM) due to its hydrophilic profile. Remorin was initially designed as pp34, as it 

corresponded to a phosphorylated protein with a molecular mass of 34kD in purified PM preparation from potato. 

Regions of Remorin 

The remorin proteins consists of conserved C terminal region that is associated with oligomerization and localization of the 

plasma membrane and variable N terminus region that is responsible for functional divergence. C terminal domain is important 

for stable protein-protein interaction whereas N terminal domain is used for phosphorylation. 

Classification of Remorin 

Group Description Plant Groups Covered 

Group 1(Subgroups 1a and 1b) Canonical Remorins with a Pro-Rich N-

Terminal Region 

Monocots 

  

Group 2  Remorins Hitherto Found in Legumes 

and Poplar  

Eurosids I (Malpighiales, 

Fabales)  

Group 3  Short Remorins  Rosids (Malpighiales, 

Fabales, Brassicales)  

Group 4  Remorins with Alternative Pro-Rich 

N-Terminal Regions  

Monocots (Poales) Dicots (Fabales, 

Brassicales)  

Group 5  Remorins with Low N-Terminal Pro 

Content  

Monocots (Poales) 

Dicots (Fabales, 

Brassicales)  

Group 6  Long Remorins  Dicots (Fabales, 

Brassicales, Solanales)  

Table. 1. Classification of Remorin 

Functional Roles of Remorin 

Oligomeric remorin protein attaches to the host plama membrane surrounding the bacteria and controls infection and release 

of rhizobia into the host cytoplasm. It interacts with the core set of symbiotic receptors that are essential for perception of 

bacterial signaling molecules, and thus might represent a plant-specific scaffolding protein. REM is required for plant–bacteria 

interactions and can interact with several Receptor Like Kinases (RLKs). It implies that the existence of specific signaling 

complexes involved in Nod Factor (NF) perception in PM subdomains.REM plays an important role in biotic and abiotic 

stresses. 
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Plants having the ability to recognize 

specific effector proteins directly or 

indirectly through resistance R proteins. 

REM acts as a novel interaction partner 

with effector protein and interacts with 

immune-related receptor-like 

cytoplasmic kinase, which triggers 

plant immunity. And positively 

correlated with plant immune receptors 

(flg22 & FLAGELLIN). 

Remorins may act similarly to these 

scaffold proteins and may recruit 

different signaling and membrane 

modifying proteins into membrane 

rafts. REM role in signal transduction 

during plant–microbe interactions are 

strongly supported by many 

experiments. 

REM may be associated with the 

cytoskeleton or membrane skeleton i.e., 

in superstructures that help determine 

cell integrity and/or act as scaffolds for 

signaling in defense or development. 

Furthermore, the specific subcellular localization of remorins in plasma membrane microdomains now provides the 

opportunity to visualize membrane rafts in living plants cells. 

SA (Salicyclic Acid) signaling by increasing lipid order and closure of Plasmodesmata (PD). The exogenous SA application 

triggered the compartmentalization of lipid raft nanodomains through a modulation of the lipid raftregulatory protein, 

Remorin (REM). It unveils a molecular mechanism by which the key plant defense hormone, SA, triggers membrane lipid 

nanodomain reorganization, thereby regulating PD closure to impede virus spreading. 

REM positively interacts with bacteria, fungi and virus which helps in nodulation, fungal symbiosis, disease resistance and 

alters cell to cell movement. It helps in early defence signaling at the PM. For improving the wood quality, plant height, stem 

diameter in Populus deltoides (Populus Tree) remorin plays a functional role with the help of genetic engineering of available 

REM protein. 

Conclusion 

Using the genetic, cell-biological approaches and biotechnological tools are used to isolate the REM protein from plants and 

cloned into desirable microbes for the betterment in agriculture. In addition to that, their direct modes of action remain to be 

solved, to get clear insight about the role of this particular protein in interaction with plant- microbe. 
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Introduction 

The basis of plant disease management is to develop strategies for the prevention, diagnosis and eradication of plant pathogens. 

The use of physico-chemical strategies has the limitation of undesirable side effects of eco-toxicity as well as effects on beneficial 

microflora. The development of resistance to conventional chemical treatments and bioaccumulation of toxic chemicals in food 

chain is also a major cause for global concern. Biological control agents such as bacteriophages have evinced a keen interest 

due to their safety of use, high degree of host specificity as well as auto dosing nature (Buttimer et al. 2017). Although 

bacteriophages have been studied for several decades since their discovery in 1915-17 by dHerelle and Twort, the recent 

advances in nanotechnology and genetic engineering have created novel applications of bacteriophages in detection and 

biocontrol of pathogens (Kaistha, Umrao, and Sagar 2018).  

Bacteriophage are viruses that specifically target bacteria host cells (Ackermann and Węgrzyn 2014). These acellular, 

intracellular obligate parasites, nanometer in size are composed typically of DNA or RNA genome encompassed by a protein 

coat known as a capsid. Bacteriophages within the Order Caudovirales include (a) family Myoviridae with rigid contractile 

tails (b) podoviridae with short contractile tails and (c) Siphoviridae with flexible long tails. The tails typically consist of a tail 

fibres and base plate to help the phage adsorb and enter through the specific proteins on bacterial cell surface. Upon 

establishing host contact, the bacteriophage injects their genome into the host cytosol. The phage may now choose a lytic 

lifecycle wherein large number of virions are produced and released following host cell lysis.  The typically plaque produced 

by the phages on the bacteria phytopathogen Ralstonia solanacearum. Alternatively, the phage genome may integrate into the 

host DNA wherein it may coexist for several host generations in a lifecycle known as lysogeny. The phage genome will 

eventually excise and proceed to a lytic replication strategy. Such a life cycle of bacteriophage makes them suitable candidates 

for development as biological control agents. 

Phage based Bioformulations for Pathogen Control 

Extensive research is underway regarding the isolation, characterization and field applications of phages against major crop 

pathogens affecting Solanaceae, citrus fruit plants and legumes amongst others (Buttimer et al. 2017). Some of the successful 

phage treatments are developed against phytopathogens such as Ralstonia solanacearum (Bacterial wilt of Solanaceae), 

Pseudomonas syringae (bacterial blight of Soyabean), Xanthomonas oryzae, Agrobacterium tumefaciens, Pectobacterium and Erwinia 

amylovora etc.  

Phage based bioformulations can be in the form of liquid spray to freeze dried formulations that may be soil drenched or 

applied as foliar spray on phyllosphere. Such commercial phage concentrates can be diluted with irrigation water prior to 

applications in the field or greenhouse facility. Phages may be combined with antimicrobial compounds of natural remedies to 

enhance activity. Erwinia amylovora Y2 phage used for the treatment of fire blight of Rosaceae species was applied using natural 

sunscreen extracts from carrots, red pepper, casein and soya peptone to increase its efficiency. Encapsulation of phages in 

microcapsules or nanoparticle formultions for increased efficiency of uptake and higher shelf life are being explored (Malik, 

2017).  

Agriphages line of biopesticides are being marketed by Omnilytics Inc and Certis USA, LLC as bacteria-eaters for the control 

of bacterial spot and speck control ion fruiting plants consists of a mixture of bacteriophages against Xanthomonas campestrispv. 

vescicatoria and Pseudomonas syringae (www.omnilytics.org).Enviroinvest in Hungary has registered the Erwiphage Forte for the 

control of Erwinia cytovora infection leasing to control of blight of apple (www. biotechnologia.enviroinvest.hu). 
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 The use of phage spray on foods to protect from Salmonella (Salmofresh)and E.coli OH:157 (Ecoshield) as well Listeria 

monocytogenes(List Shield), has been approved by the US Food and Drug Administration.Several patents and commercial 

products stress the acceptability of phage based formulations amongst the communities for pathogen control(Kaistha 

Deshpande and Umrao 2016). 

Steps for Isolation and Preparation of Phage Biopesticide: 

1. Sample collection (Soil, diseased plant). 

2. Phage Enrichment Add sample. 

3. Phage Isolation (Centrifugation, Filtration, Plaque Assay). 

4. Phage Characterization -- Electron microscopy -- Host Range Analysis Stability in storage Genome screening. 

5. Phage formulations -- Phage Application -- Field Trials -- FDA approvals – Commercialization. 

Advantages of Phage based Nanobiopesticides - (Buttimer et al. 2017): 

1. Bacteriophages have specific activity against prokaryotic cells and hence have no side effect of affecting eukaryotic cells or 

beneficial micro-organisms. Furthermore, the number of phages in the environments remain in control as they can only 

replicate if they find specific host, known as auto dosing phenomenon. The phage survivability for prevention of pathogens 

has been tested by incubating phages with non- pathogenic variants.  

2. They are environment friendly, non -toxic and leave no carbon footprint unlike traditional pathogen control measures.  

3. Phages are genetically plastic and can be re-engineered as diagnostic biosensors due to host specificity for the detection of 

phytopathogens in addition to conventional therapeutic or combinatorial treatments. Phage genome can be redesigned to 

express antimicrobial compounds, drugs and enzymes that can increase their efficiency as biocontrol agents. The use of phage 

products circumvents issues regarding horizontal gene transfer and environmental containment issues. 

 4. They are versatile and can be administered to the fields though different applications and also show synergistic activity 

when used in combinatorial treatments.  

5. Custom made phage/ phage product/phage gene as well phage cocktail bioformulations can be designed for the biocontrol 

of specific phytopathogens or phytopathogen combinations as well as overcome the issues with phage resistance. 

Challenges to Phage based Biopesticides 

Challenges to phage-based application arise in maintaining phage viability in field applications. Enhancing the phage 

persistence in nature due to their sensitivity to changes in environmental conditions can be overcome by application of research 

in the developing suitable bio carriers and bio formulations. Optimization of phage/ phage product application strategies need 

to be worked out and its field applications and long-term studies must be encouraged. This will help clear doubts regarding 

their safety of introducing natural or genetically engineered phages/ phage products into the environments. Phage bio 

pesticides can be popularized to be a more significant part of the integrated pathogen management strategies though concerted 

government and scientific community. 

Advantages of Phage Biopesticides for the Control of Phytopathogens: 

1. High degree of Host specificity and Auto dosing. 

2. Ease of applications: soil drenching / foliar spray application/ irrigation.  

3. Safe, non- toxic, ecofriendly, cannot enter food chain. 

4. Targeted delivery: Genetically engineer phages for expressing anti-pathogen. 

5. Phage enzyme products (Endolysins) can be used to prevent resistance or HGT. 

6. Combinatorial applications with traditional approaches integrated pest management. 

7. Custom made phage cocktails/ formulations. 
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Introduction 

Global warming is the term used to describe a gradual increase in the average temperature of the Earth's atmosphere and its 

oceans, a change that is believed to be permanently changing the Earth’s climate. There is great debate among many people, 

and sometimes in the news, on whether global warming is real (some call it a hoax). But climate scientists looking at the data 

and facts agree the planet is warming. While many views the effects of global warming to be more substantial and more rapidly 

occurring than others do, the scientific consensus on climatic changes related to global warming is that the average temperature 

of the Earth has risen between 0.4 and 0.8 °C over the past 100 years. The increased volumes of carbon dioxide and other 

greenhouse gases released by the burning of fossil fuels, land clearing, agriculture, and other human activities, are believed to 

be the primary sources of the global warming that has occurred over the past 50 years. Scientists from the Intergovernmental 

Panel on Climate carrying out global warming research have recently predicted that average global temperatures could 

increase between 1.4 and 5.8 °C by the year 2100. Changes resulting from global warming may include rising sea levels due to 

the melting of the polar ice caps, as well as an increase in occurrence and severity of storms and other severe weather events. 

Effect of Global Warming on the Earth’s Climate 

Detailed researches of climatic events of the past 150 years have revealed that the temperatures have risen all over the globe, 

with the warming occurring in two phases. The first phase was from 1919 to 1940, with an average temperature gain of 0.35°C, 

and the second phase was from 1970 to the present, exhibiting temperature gains of 0.55°C. Records show that the past 25 years 

have been the warmest time of the past 5 centuries. The global warming has resulted in the warming of the oceans, rising of 

the sea levels, melting of glaciers, and diminished snow cover in the Northern Hemisphere. According to Intergovernmental 

Panel on Climate Change (IPCC), about one-sixth of the total population of the world lives in the regions which shall be affected 

by a decrease in melting water. The warmer climate will likely cause more heat waves, more violent rainfall and also 

amplification in the severity of hailstorms and thunderstorms. Rising of sea levels is the most deadly affect of global warming, 

the rise in temperature is causing the ice and glaciers to melt rapidly. This will lead to rise of water levels in oceans, rivers and 

lakes that can pilot devastation in the form of floods (CGETR,2015). Global warming may also transfer various diseases to other 

regions as people will shift from regions of higher temperatures to regions of comparatively lower temperatures. Warmer 

oceans and other surface waters may lead to severe cholera outbreaks and harmful infections in some types of sea food 

(IGW,2015). 

Policy Issues 

According to the Human Development Report (HDR, 2007) developed countries should cut their carbon emission at least by 

80 %, by the year 2050, with 20 -30 % cuts by 2030, if the earth has to be saved from the adverse effects of Global Warming. The 

report also calls for 20 % in carbon emission by fast growing economies like Indian and China. The UN report says that there 

is a small window of opportunity in this century for limiting the global temperature increase to 2 degrees centigrade. If this is 

not done, humanity will face a series of climactic changes that will wreak havoc on the planet. These will include flooding of 

coastal areas, crop failures, epidemics, severe water scarcity and increase in natural disasters. According to the report, climate 

change will affect the world’s poor most. Global warming will initiate droughts and flooding which will destroy the sources 

of live hood for poor people in Africa, Asia and South America. The poorer sections will also be the most prone to health 

disaster like spread of malaria and diarrhea. The H.D.R also makes it clear that the rich countries have to take the main 

responsibility for controlling emissions. 
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All living organisms will be burn alive. Yes! Global warming if not check will bring an end to life on planet earth. Thus, 

governments all over the world are concerned about the adverse effects of the rise of the average temperature of planet earth. 

IN 1992, the earth Summit was held at Riode Janeiro, Brazil where 150 countries agreed to confront the problem of Greenhouse 

gages. In 1997, in Japan, 160 nations signed an agreement called as Kyoto Protocol. The Protocol calls upon the developed 

nations to reduce the emissions of Greenhouse gages up to 50 % by 2012. The treaty still awaits to be implemented by the 

developed countries, especially the US. Our survival on the planet depends upon the maintenance of the environment that 

protects us. Thus, it becomes our utmost need and necessity to regain the lost balance in the nature and create harmony between 

its various constituent elements. 

The challenge before us is to reduce Global warming. Global warming will melt the polarize caps. It is estimated that if all the 

ice on the earth melts, about 200 feet of water would be added to the surface of all oceans. Satellite pictures have shown that 

the solar ice has been shrinking by 10 percent per decade since 1980. Due to global warming, India-Khumba glaciers of Md. 

Everest has retreated by 5 km since 1953 while sea ice cover of Arctic Ocean has declined by 6 % from 1978 to 1953. It is 

estimated that an increase of only 3-degree centigrade atmospheric temperature may raise sea level by 0.2-1.5 meters over the 

next 50-100 years, this may submerge low lying coastal cities like Shanghai, Bangkok, Dhaka, Sydney etc. In Indian this effect 

may also threaten the inundation of Lakshadweep islands, Mumbai and deltas of Ganges (West Bengal), Carvers (T.N), 

Godavari (AP) and Mahanadi, Orissa. 

Mitigating Scenario 

The time has gone from our hands for debating on the issue of Global warming. Today the need of the day demand 

implementation of measures to decrease Global warming. Some of the measures that may help to check global warming are: 

1. Control of population growth by decreasing the birth rate.  

2. A forestation (Planting more trees on new areas).  

3. Deforestation reversal by reforestation.  

4. Reduction in the use of chloro floro carbons. 

5. Shift from coal to natural gas on electricity as energy resource. 

6. To trap and use methane as a fuel. 

More use of non-conventional source of energy like wind power and solar energy. Automobiles should be made more fuel 

efficient and less taking on the environment 
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Seed priming is one of the seed enhancing technologies which helps the plant seed for better seed germination capability and 

to reduce the time it takes for germination. It is mainly beneficial for crops which take longer time to germinate. It is basically 

a technology which allows water regulation in seeds and breakage of dormancy state of the seed. In sugar beet plant, field 

emergence rate is 60-70% of the seeds planted that calls for the role of various seed enhancing technologies to play which is 

effective in reducing the mortality rate of seedling. In this plant, seed priming prior to ten days of planting in sugar beet causes 

sugar yield to increase by 48 per cent. Further, soaking of seeds for 2 hours at 0.3 N HCl causes an increase in germination rate. 

When sugar beet seeds were primed with 0.5 MPs polyethyleneglycol 8000 for five days, 8 % increase in germination has been 

reported. This even favors reduction in seed germination time to produce 50 % germination. 31 % increase has also reported in 

sugar beet seeds when 12 hours of hydropriming was performed. It is obvious that such technologies involved one or the other 

substance for breaking the seed dormancy. For example, in osmo-priming, osmoticum like polyethylglycol is used, in hydro-

priming water is used, in drum-priming water vapour is used, etc. In continuation to this there are even many materials which 

are being used such as potassium nitrate, potassium chloride, mannitol, etc., for aiding as control for water regulation and seed 

drying. There are number of advantages in adopting such technologies which ultimately leads to faster and more uniform 

emergence but there have always been variation in rate of effectiveness of various technologies adopted such osmo-priming 

increases germination rate, speed, root and shoot length as well as dry weight of root and shoot relatively higher  than hydro-

priming  method. In this regard, nano-priming has gained attention with the use of engineered nano-particles. The range of 

nano-particles lies between 1-100 nm. These nano-particles lie in the transition zone between individual molecules and bulk 

material resulting in formation of negative and positive effects in cells. 

Effect on Nano-priming on Sugar Beet Seed Priming 

Use of multi-walled carbon nano-tubes as a priming material in seeds at concentration of 40 ppm for 18 hours and 60 days 

prior to planting is recommended for improving germination and growth of the plant. Carbon nano-tubes easily penetrate into 

the cell membrane and have low toxicity. The use of carbon nano-tubes enhances cell division and growth. This is basically 

due to activation of channels responsible for water transmission and genes responsible for cell growth. 

Furthermore, there are many other nano-particles used in other crops as priming agent which can be used for sugar beet for 

improving germination rate and growth. 

1. Silver nano-particle: In canola, use of Nanocide (trade name of a nanosilver product) showed growth improvement and 

successful seed establishment but with reduced percentage and rate of seed germination.  

2. Gold nano-particle: Gold nano-particles as nano-priming agent was used to activate the germination and early seedling 

growth of maize aged seeds. Priming with 5 ppm gold nano-particles showed the best effects on promoting emergence 

percentage (83%) compared to unprimed control (43%) and hydroprimed groups (56%). Gold nano-particles also enhanced 

seedling vigor index by 3 times over the control. 

3. Iron nano-particle: Germination percentage and root-shoot length were enhanced with use of this nano-particle in several 

plants as priming agent such as BARI Gom 25 wheat seedling. Iron oxide is used for developing iron nano-particle as it is good 

source of iron for plant development, helps in synthesis of siderophores and activates number of enzymes. Use of zinc oxide 

and chelated zinc sulphate in peanut seeds had also been used which may be used for sugar beet seed so as to promote seed 

growth. Further, use of nano zerovalent iron (nZVI) had also used in rice seeds for priming purpose hat resulted in increased 

vigor.  
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4. Titanium dioxide nano-particle: Titanium dioxide nano-particles have also been used as priming agent in fenugreek and 

pepper seeds which may also be beneficial for sugar beet seed. The primed seeds resulted in enhancing biochemical aspect like 

proteins, carbohydrates, chlorophyll, etc. 

Conclusion 

Seed quality is one of the major agricultural issues on which many researchers worldwide are interested, and ‘seed priming’, 

a well-known practice, is used to improve the quality of seed germination. In India, approx. 80 % or more population of rural 

India is dependent on agriculture. For fulfilling the needs of good germination and high crop yield, seed priming is one good 

option. In this, nano-priming is the new technology for seed priming. Use of nano-priming in sugar beet causes improvement 

in seed quality and germination. In accordance, use of carbon nano-tubes have been tried and successful in sugar beet seed 

priming whereas other nano-particles such as silver, gold, zinc and titanium oxide may also be used as priming agent for early 

and uniform germination of sugar beet seed.  
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Introduction 

RNA silencing/interference (RNAi) is a well-established phenomenon of regulating gene expression through nucleotide 

sequence specific interaction mediated by small RNA molecules. The first significant finding that paved the way for the 

identification of this gene regulatory mechanism was the production of variegated flowers during the engineering of Petunia 

plants for over expression of the chalcone synthase (chsA) gene. It was later confirmed that the introduction of the chsA 

transgene led to silencing of the endogenous gene expression, resulting in the development of white patches in the petals. The 

RNA silencing processes in response to one mild virus may cross-protect the infected plant against virulent infection by another 

related virus carrying sequences homologous to the pre-infecting one a phenomenon scripted by the plant virologists as early 

as the 1920s.  

In recent years, antiviral characteristics of RNA silencing are being exploited to silence or knock off the host genes for functional 

analysis. 

Discovery of Plant RNA Silencing Suppressor 

In plants, RNA silencing serves as a major line of antiviral defense that is induced by, and targeted against viruses. As a counter-

defensive strategy, viruses have evolved to encode suppressor proteins that inhibit various stages of the silencing process. 

These suppressors are diverse in sequence and structure and appear to be encoded by virtually any type of plant viruses. The 

viral suppressor is a virus encoded protein or RNA element that blocks silencing of viral nucleic acid sequences guided by 

siRNAs or miRNAs. The study of specific viruses like the Potyx virus (Potato virus X or PVX) and potyvirus has led to the 

identification of the potyviral Helper component proteinase (HC-Pro) as the synergism determinant. This determinant later 

turned out to be a strong suppressor of RNA silencing. 

Interaction with the RNA Silencing Factors 

One of the important components of RNA silencing pathway is DICER/DCLs, which has been found to be targeted by various 

virus encoded suppressors, like TCV (Turnip crinkle virus)-encoded P38 suppresses DCL4, FHV-B2 interacts with the PAZ 

domain of DICER to suppress siRNA biogenesis. Another important protein of RNA silencing pathway is AGO, which has 

been targeted by various RSS to suppress RNA silencing. CMV-2b and MYMIV-AC2 has also been found to be directly 

interacting with AGO to inhibits its slicing activity. Recently, the poleroviral P0 silencing suppressor protein was shown to 

target the AGO proteins for degradation which are the core component of the RISC prevents de novo formation of siRNA/ 

miRNA containing AGO1. 

Screening for RSS Identification 

The transgene may be silenced constitutively or locally by infiltration with an Agrobacterium tumefaciens strain carrying a Ti 

plasmid harboring the same gene, a process referred to as agroinfiltration. The suppression of silencing is assayed by 

introducing, the candidate protein into the silenced plants by a replicating virus vector, genetic crosses or agro-infiltration. 

Crossing a silenced transgenic plant with a second transgenic plant expressing a candidate viral RSS protein. A recombinant 

viral vector harboring the concerned gene could be inoculated on to the silenced transgenic plants. 
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Drug Target: Antiviral Agent 

RNA silencing is a major antiviral defense response and RSS is the counter defense strategy from the virus. The virus mutant 

for the RSS show attenuated symptom development and mild growth. Thus, mutation or inhibition of viral ORF with RSS 

activity can serve as an important target for the virus resistance strategy. The chemical compounds that could interfere with 

the suppression activity may constitute important virucide that could protect various agro-economically important crops 

devastated by the virus. Recently, it has been shown that a chemical library can be screened using protoplast-based strategy 

with RNA silencing principle to identify inhibitors of RSS. The inhibitor thus found has also been found to confer resistance to 

the corresponding viral disease. 

Conclusion 

RSSs are extremely important elements and factors for virus biology. The suppressor might contribute to the virus functions 

(viz. replication, movement, coat, etc.) independent of the RNAi response. 

Future Thrust 

It would be interesting to know how and when in evolution the viruses have acquired suppression activity. Conversely, it is 

also important to understand how a mild virus becomes lethal just by changing few amino acids of its suppressor. Need to 

devise the robust antiviral strategy or build synthetic viruses as lethal weapons. 
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Introduction 

Foxnut (Euryale ferox Salisb) is one of the most important aquatic nuts produced in India belonging to family Nympheaceae.  

The seed of fox nut commonly known as Makhana, Gorgon nut and black diamond, grown in stagnant perennial water bodies 

like ponds, Oxbow lakes and swamps. Makhana plant is considered as a native of South-East Asia and China but distributed to 

almost every parts of the world. In India, it is distributed in West Bengal, Bihar, Manipur, Tripura, Assam, Jammu & Kashmir, 

Eastern Odisha, Madhya Pradesh, Rajasthan and Uttar Pradesh. Commercially it is grown in Mithilanchal districts of Bihar 

comprising areas of Madhubani and Darbhanga. These areas accounts for 90 percent of estimated 75,000 tons of country’s total 

annual production of makhana. Keeping in view its commercial importance, a regional Centre was set-up to conduct research 

on various aspects of Makhana in Darbangha districts of Bihar under the administrative control of ICAR Research Complex for 

Eastern Region.  A single Makhana plant produces about 100 seeds. (Kumar J et al 2017). 

Kumar J et al (2017) reported that makhana has nutritional and medicinal properties which are used in ayurveda from ancient 

times. It has high contents of carbohydrates, protein, minerals and low-fat content. Makhana is either eaten as raw puff or 

blended with vegetables and dal. It is considered superior to dry fruits such as almonds, walnut, coconut and cashew nut in 

terms of sugar, protein, and ascorbic acid and phenol content. In China it has been used as mandatory ingredient in baby foods 

(Mahawar H 2016). 

Harvesting of Makhana Seed 

Harvesting refers to the collection of scattered seeds, either from bottom of the pond or shallow water filed. Harvesting of 

Makhana is done in the month of August-October in the morning around 6.00- 11.00 am and it involves drudgery. A diver goes 

deep into the bottom surface of pond, lies down, hold his breath and drag the mud towards the bamboo pole locally known as 

“Kaara” with both palms. A heap of mud is formed near the base of bamboo pole which is later sieved with locally made 

bamboo screen called “Ganjaa”. (Khadatkar A 2015) The time required for collection depends upon the amount of seeds lying 

in the bottom of the pond or the fields. ( Kumar L 2011). 

Processing of Makhana 

1. Tools and Equipment Used During Post Harvesting: Mahawar H (2016) reported harvesting and processing of makhana 

seeds. 

2. Khonnghi or Deli: It is a small bamboo stick bucket with cylindrical shape. It is used for storing raw, popped seed and in 

polishing operation. 

3 Sieves: It is made up of iron sheet with wooden frames. In general seven to ten sieves of different mesh sizes are used for 

grading of raw makhana seed..  

4. Mats: It is used for sundrying of raw makhana seeds before roasting. 

5. Iron pan: It is a cooking pan or utensil which is used for pre-heating and roasting of makhana seeds. 

6. Aphara, Batna and Thaapi: These are wooden appliances made of hardwood, mostly of shisum or mango. Aphara is a 

platform on which roasted seeds are hit with flat wooden hammer called Thaapi.  

7. Chula’s (Earthen Pans): They are utilized for roasting the sun dried seeds or guris without sand mix.  
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8. Bamboo Sticks: These are utilized to stir the makhana seeds while roasting them. 

Processing Steps 

1. Sundrying: After harvesting seeds were cleaned and sun dried on mat or cemented yard for 2-3 hrs. Moisture content in 

harvested seed 37% by wt and dryed to reduce 31% for ease of transportation and temporary storage of seeds. Usually the 

seeds were stored at 20-25 days Storage of seeds so that before processing.  To maintain the freshness of foxnut seeds it is 

necessary to sprinkle the water at regular basis. 

2. Grading: The sun dried seeds are graded in to 5 to 7 categories according to their size on sieves.  Grading are required for 

uniform roasting and increases the efficiency of processing of nuts. 

3. Preheating: Sundried seeds are roasted in earthen pitcher and cast iron pan over fire and stir them continuously. After 

preheating moisture content reduces approximately 20 percent. 

4. Tempering: Tempering of pre-heated seeds for duration of 48-72 hrs at ambient condition Tempering of seeds is done 

purposefully to loosen the kernels within hard seed coat. 

5. Roasting and Popping: Preheated and tempered nuts are roasted in cast iron pan with continuous stirring cracking of sound 

heard from the seed being roasted. Force applied by wooden hammer for breaking of outer hard shell of roasted seed on hard 

surface. As the hard shell breaks the kenels pop out is called as Makhana pop. (Jha1993). 

6. Polishing: It is done by rubbing action of Makhana pops among themselves in bamboo baskets. Polishing facilitates more 

whiteness and luster to the Makhana. 

7. Grading: The popped Makhana lawa is generally graded into two grades at the producer level- lawa and thurri. The lawa is 

swollen and white with reddish spots whereas, thurri is semi-popped, hard and reddish in colour. 

8. Packaging: Ordinary gunny bags for local markets and gunny bags with polythene lining are used for distant markets to 

pack popped Makhana. 

Nutritional Content and Health Benefits of Makhana 

It was found that, raw makhana seeds have the moisture content in the range of 9.94 to 10.80 percent (w.b). Protein content in 

makhana seeds ranged between 10.24 to 11.12 per cent the average fat content was 0.4 per cent in all the samples while makhana 

contained a good amount of fibre content 2.46 to 2.54 per cent and total ash content was 3.4 per cent. It strengthens the heart 

and is very useful in anemia. Makhana is an important ingredient which is used to strengthen spleen and kidneys. It contains 

low sodium and high potassium which reduces Blood Pressure and since it contains a very low amount of monosaturated fat, 

which prevents to increase blood sugar level. Besides, B.P and diabetes also help 

to control diseases like neuralgia, incontinence, chronic diarrhea and arthritis. 

Fox nut seeds are a rich source of macronutrient like Ca and Mg and also many 

micro-nutrients. It is nutritious and easily digested. Antioxidant activity of raw 

seed was maximum than that of popped ones, which was due to the outcome of 

processing at high temperature. (Jana BR et al 2019). 

Conclusion 

This is concluded from the study that popped makhana is developed by traditional method of harvesting in ponds and post 

harvesting processing viz: sundrying, preheating, tempering, and roasting etc.   Makhana is either eaten as raw puff or blended 

with vegetables, dal, etc. The seeds are edible after being processed and highly nutritious. It falls under one of the superior 

food qualities, which is reflected by high amino acid content. It is not only nutritious but also healthy food for health-conscious 

people. 

Popped Makhana 
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Introduction 

Rice-wheat, a major cropping system in the Indo-Gangetic plains occupy about 10 mha in India. Out of total production of 47.2 

mt of crop residue, paddy straw alone constitutes for more than 22 mt of the total residue produced annually in Punjab state. 

Increasing constraints of labour and time have led to adoption of mechanized farming. Approximately 91% of total rice area 

and 82% of total wheat area is mechanically harvested. Traditionally, straws have been removed from the fields for use as cattle 

feed and other purposes such as livestock bedding, thatching material for houses, and fuel. Burning is also followed in some 

states, being the easiest and cheapest way to remove large loads of crop residues. Despite the ban imposed by district 

magistrates of various districts, burning of residues is doing great damage to the environment, which impacts human and 

animal health medically. Substantial loss of plant nutrients (especially N and S) and organic carbon also occurs during burning 

of crop residue. It is crucial that burning be discouraged in view of its harmful effect on environment and soil productivity and 

proper way of crop residue management should be followed. 

Total amount of crop residue produced in India is estimated at 350 x 106 kg/yr, of which wheat residue constitutes about 27% 

and that of rice about 51%. In rice-wheat cropping system, the residues of rice and wheat amounts to as much as 7-10 t/ha each 

year. If this residue is not returned this may cause mining of soil for major nutrients leading to net negative balance and multi- 

nutrient deficiencies in crops. Thus, there are urgent needs to manage the residues of these crops for sustainability and stability 

of the system. 

Problem of Crop Residue Incorporation in Relation to Crop Growth 

The major disadvantage of incorporation of cereal straw is the immobilization of inorganic N and its adverse effect due to N-

deficiency. Incorporation of rice straw into the soil after its harvest leads to slow down the decomposition and soil nitrate is 

immobilized, reducing the N uptake and yield of subsequent wheat crops by about 40%. This can be overcome by proper 

fertilizer management practices including appropriate method, time, and rate of fertilizer-N application. Singh et al., (2004) 

reported that incorporation of rice straw at 20 days or more before wheat sowing minimizes the adverse effects on crop growth 

due to N immobilization after straw incorporation as it is likely to be greater during summers than during winters. Prabhakar 

(2002), Pantnagar reported highest grain yield of wheat under residue incorporated treatments with 50 per cent more 

recommended dose of NPK as only recommended dose of NPK was not sufficient for decomposition of residues where it was 

incorporated. Mohammad et al., (2012) from Surezai, Peshawar recorded that grain and straw yield was increased significantly 

in residues retained treatment under both tillage and no-tillage treatment. 

Effect on Physical Quality 

Residue management practices affects soil physical properties such as soil moisture content, temperature, aggregate formation, 

bulk density, soil porosity and hydraulic conductivity. Increasing amounts of rice residues on the soil surface reduce 

evaporation rates and increased duration of first-stage drying. Soil temperature is affected through the mechanism of change 

in radiant energy balance and insulation. Crop residues increase soil hydraulic conductivity and infiltration by modifying 

mainly soil structure, proportion of macropores, and aggregate stability. Decomposition of crop residues is controlled by the 

chemical composition of the residues, soil temperature, soil water, and associated macro- and microflora. Mohanty et al., (2006) 

from M.P. observed the crack parameters after rice harvest and reported that length, width and depth were more in puddle 

soil and its magnitude was increased significantly with increase in residue. 
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Effect on Chemical Properties 

The most important factors determining soil fertility is pH, which may be influenced by crop residue management. Researches 

have shown that if these organic residues are returned to the soil, its pH can be increased due to the decarboxylation of organic 

anions on decomposition by microorganisms. Many reports indicate the increase in soil pH irrespective of whether crop 

residues were burnt, incorporated, or mulched. Khankhane et al., (2009) observed the soil samples analyzed prior to sowing of 

3rd year wheat and reported no effect of the crop residue management treatments on soil pH and EC. However there was 

significant increase in organic carbon, available P and K in the residue incorporated plots over both burning and residue 

removal plots in rice-wheat sequence. Kachroo and Dixit (2005) from Jammu, J&K experimented the soil for physico-chemical 

and biological changes after 2 cycles and reported that available N,P,K in soil after 2 years increased significantly due to 

application of residue over no residue treatment and initial values that resulted in better soil health and more organic matter 

in the soil. 

Effect on Biological Properties 

Crop residues provides substrate, and C and N for growth and activities of soil microorganisms but these also compete with 

plants for available nutrients, including those released from residues by decomposition. Residue characteristics, and soil and 

crop management factors also affect residue decomposition. Under optimum temperature and moisture conditions, N 

immobilization can last for 4-6 weeks. Soil microbial biomass is affected by the residue management practices. Many 

researchers reported a decline in microbial biomass when residues are burnt. Residue incorporation resulted in more microbial 

activity than residue removal or burning. Many research findings showed that long-term burning decreased the microbial 

population of the soil permanently, severely declining the bacteria population involved in nitrification. It takes several months 

to 5 years to recover that activity. Khankhane et al., (2009) observed significant effect of residue management practices on the 

soil microbial population, especially during the early stage of crop growth and reported highest bacterial as well as fungal 

population in the residue incorporated plots at 6 DAS in rice-wheat sequence (after sowing of wheat). 

Management of crop residues 

Residue management is important in rice-wheat cropping system as machines are increasingly used for harvest. Several 

management options available to farmers are burning, incorporation, surface retention and mulching, and baling and removing 

the straw. Farmers use different straw management practices as per the situation. 

1. Residue burning: Traditionally, rice and wheat straw are removed from the fields for use as cattle feed and for other 

purposes in South Asia. Recently, with the advent of mechanized harvesting, farmers have been burning in-situ large quantities 

of crop residues left in the field as crop residues interfere with tillage and seeding operations for the subsequent crop, causing 

loss of nutrients and soil organic matter. Many farmers chop-off the rice stubbles with a stubble shaver, dry them and burn 

completely to facilitate timely planting of wheat leading to all kinds of environmental pollution. Thus, one option is burning 

despite the large losses (up to 80%) of N, 25% of P and 21% of K and 4-60% of S. However, it causes significant air pollution 

and killing of beneficial soil insects and microorganisms. But besides it, advantages of burning are that it clears the land quickly 

of residues before the next crop is established, thus facilitating seed germination and establishment. 

2. Baling and removing the straw: Surplus straw from agriculture may be used for a number of useful purposes such as 

livestock feed, fuel, building materials, livestock bedding, composting for mushroom cultivation, bedding for vegetables such 

as cucumber, melons etc. and mulching for orchards and other crops. Research results show that a continuous recycling of crop 

residues for 7 years in rice-wheat markedly influenced the soil properties. The organic-C status of the soils was significantly 

increased when crop residues were incorporated. Similar was the trend in the available and total forms of NPK in soil. 

3. Surface retention and Mulching: Direct drilling in surface mulched residues is a practice that leaves straw residues from a 

previous crop on the soil surface without any form of incorporation. Surface retention helps in protecting the fertile surface 

soil against wind and water erosion. Farmers usually follow this method where no- till or conservation tillage practices are 

prevalent. Residues decompose slowly on the surface, increasing the organic carbon and total N in the top 5-15 cm of soil, while 

protecting the surface soil from erosion. The large volume of residues remaining on the surface often leads to machinery 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            277 | P a g e  
 

failures, thus affecting sowing of seeds of the following crop. Retention, however, provides habitat for both harmful as well as 

useful organisms in one hand, and on the other it provides C substrate for heterotrophic N2-fixation, increase microbial activity, 

soil C and N, and reduce fertilizer N requirements for rice. 

4. Crop residue incorporation: They may be incorporated partially or completely into the soil depending upon methods of 

cultivation. Ploughing is the most efficient residue incorporation method. Unlike removal or burning, incorporation of straw 

increases SOM and soil N, P and K contents. 

Benefits of Drills in Presence of Crop Residues  

1. Zero-till-seed-cum-ferti-planters with disc type cultivators, Turbo seeder and rotary disc allow seeding in presence of 

anchored and loose residues. 

2. Before using various planters, residue must be spread smoothly for efficient use of machine and better crop establishment. 

3. Double disc planter can be used in the field having hard stubbles of previous crops. 

Conclusion 

1. Crop residue incorporation improve physical, chemical and biological properties of soil. 

2. Based on research experience, approximate 30 cm high (2-3 t/ha) residue can be managed easily. 

3. Incorporation should be done at least 10 days and preferably 30 days before the establishment of succeeding crop. 

4. Lot needs to be done in Indian agriculture for hassle free management of rice and wheat residues. 
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Introduction 

Social media refers to the means of interactions among people, during which they create, share, consume and exchange 

information and thoughts in virtual communities and networks. Kaplan and Haenlein (2010) outline social media as “a group 

of Internet-based applications that repose on the ideological and technological foundations of Web 2.0 which allow the creation 

and exchange of user-generated content”. While many outsiders would never think to associate farmers, dairy farmers, animal 

keepers with Facebook and Twitter, they definitely represent an outsized team of lively users on each of the social networking 

sites. Consistent with some farmers and tech scientists, social media may be a critical conversation tool for farmers to attach to 

one another and educate others about their industry. 

Popular Social Media Tools 

1. Facebook: Facebook is that the world’s popular social networking website because it makes it easy to attach with family and 

friends and share pictures, websites and videos. It allows users to make a profile, add friends, send messages and join common 

interest groups.  

2. Twitter: Twitter is quick and straightforward, allowing users to share 140 character messages. These messages are called 

“Tweets” that are available to anyone who is curious about reading them.  

3. YouTube: YouTube may be a video-sharing website where users can upload and consider videos.  

4. WhatsApp: WhatsApp Messenger may be a proprietary, cross-platform instant messaging application for smartphones. 

Additionally to text messaging, users can send one another images, video, and audio media messages.  

5. Linkedin: Linkedin is geared toward the professional community. It allows you to network with work colleagues and is 

powerful for brands and job seekers. You will post your resume, connect with other professionals, and continue so far with 

industry news. You will follow groups focused on topics relevant to your industry.  

6. Agropedia: Agropedia is an open-ended knowledge-sharing platform. It's a web agricultural knowledge repository that 

creates agriculture information available to scientists, researchers, extension personnel and therefore the agricultural 

community and allows them to look and contribute to the vast knowledge domain. It's a collaborative project of seven 

consortium partners, viz. ICRISAT Hyderabad, NAARM- Hyderabad, IIT Kanpur, IIT Bombay, GBPUAT- Pantnagar, UAS- 

Raichur and IIITM-Kerala. The project is backed by the govt of India and sponsored by the planet Bank through the National 

Agricultural Innovation Project of the Indian Council of Agricultural Research (ICAR). The project was launched on 12 January 

2009. Many social enterprises are currently addressing the agriculture space, attempting to bring new technologies to rural 

areas to enhance the efficiency and profitability of farmers. Agropedia works as a one-stop hub for information on the 

agricultural ecosystem. The Wiki-style platform provides, among other things, an area for stakeholder interaction, best practice 

sharing, news updates, and a web library. 

Advantages 

1. One among the key advantages of social media as a tool in farming is that the ability to attach with farmers and agribusiness 

people from round the world over large geographical distances.  
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2. The advantages of this will be as large or as small as we elect, counting on what proportion time we wish to spend thereon.  

3. Collecting ideas on various farming techniques globally and reaching out for opinions.  

4. Social media platforms like Twitter leave sharing knowledge and articles of interest during a quick easy format.  

5. Knowledge is an input into the farming business, but unlike other agricultural inputs like feed and fuel, knowledge are often 

used and reused over and once again by an outsized number of individuals at an equivalent time, transformed with new ideas 

added thereto, in order that the output is during a stronger form than when it first arrived.  

6. The facility of social media is that it's hospitable be shared universally in order that knowledge isn't hidden in one person’s 

email inbox or at a conference with only select attendee. 

Disadvantages 

1. Overuse of social networks can cause procrastination and a bent to waste time and become hooked into constantly being 

updated on what's happening round the world.  

2. Using the tool has no direct, immediate and simply recognised financial returns, there's a chance cost of your time that has 

got to be acknowledged.  

3. There's also a risk of becoming too reliant on social networks and removing yourself from contact with the physical world.  

4. Like any online tool, the utilization of it carefully is clearly the perfect outcome as face-to-face communication ultimately 

may be a great source of networking and communication.  

5. In no way should social media be a replacement for social networks and connections within the physical world, however 

social media are often a tool wants to facilitate those social interactions. Plants having the ability to recognize specific effector 

proteins directly or indirectly through resistance R proteins. REM acts as a novel interaction partner with effector protein and 

interacts with immune-related receptor-like cytoplasmic kinase, which triggers plant immunity. And positively correlated with 

plant immune receptors (flg22 & FLAGELLIN). 

Conclusion 

Social media is now a mainstream sort of communication round the world and continues to grow in popularity with the rise 

within the number of smartphones, and therefore the simple use whilst on the go. Other industries have embraced these 

platforms in business and consumer engagement; however, it's not been widely accepted in India. Agriculture isn't during a 

new concept; however, changing platforms for communication can seem foreign to some people. Perception of social media as 

a valuable tool instead of a time-wasting application is vital to vary to increase to the worth to more people. 
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Summary 

Legume grains have been playing a vital role in the traditional diets of human beings throughout the world. Among the various 

under-utilized legumes, the Mucuna pruriens (velvet bean) seeds are found with wider use as a food legume in many tropical 

and sub-tropical countries. Mucuna pruriens (Fabaceae) is a plant drug used for the management of male infertility, nervous 

disorders, and also as an aphrodisiac. It has been shown that its seeds are potentially of substantial medicinal importance. M. 

pruriens is a commonly found Indian medicinal plant, which has long been used in traditional Ayurvedic Indian medicine, for 

diseases including parkinsonism. 

Introduction 

It is widespread in the Southern and South-eastern Asian regions and is also cultivated as a green manure/cover crop in some 

parts of Africa and South America. In India, the mature seeds are being traditionally consumed by certain ethnic groups, 

particularly the Kanikkar, Lambadi, Uraali, and Dravidian tribes living in Tamilnadu, Kerala, Karnataka, and Andhrapradesh 

States.Reports indicate that the seeds possess appreciable levels of certain bioactive compounds, such as total free phenolics, 

tannins, phytic acid, and L-Dopa (3, 4-Dihydroxyphenylalanine, a non-

protein phenolic amino acid), in addition to high protein content (26–

29%) and other nutrients. Hence, in recent years, research efforts are 

under-way for the utilization of seeds in the dietary management of 

Parkinsonism, diabetes, obesity, etc. 

They are a very important source of protein, dietary fibre, starch, 

micronutrients, and bioactive compounds with a low level of fat. Apart 

from other legume seeds, the earlier research efforts revealed the 

nutritive potential of certain promising under-utilized/wild legume 

seeds, including the pulses of tribal utility. This plant is widely used in 

Ayurveda, which is an ancient traditional medical science that has been 

practiced in India since the Vedic times (1500–1000 BC). The ancient 

Indian medical system, Ayurveda, traditionally used M. pruriens, even 

to treat such things as Parkinson's disease. M. pruriens has been shown 

to have anti-parkinson and neuroprotective effects, which may be related 

to its anti-oxidant activity. In addition, anti-oxidant activity of M. 

pruriens has been also demonstrated in vitro by its ability to scavenge 

DPPH radicals and reactive oxygen species.  

The plant has long, slender branches; alternate, lanceolate leaves; and 

white flowers with a bluish-purple, butterfly-shaped corolla. The pods 

or legumes are hairy, thick, and leathery; averaging 4 inches long; are 

shaped like violin sound holes; and contain four to six seeds. They are of a rich dark brown color, and thickly covered with 

stiff hairs. In India, the mature seeds of Mucuna bean are traditionally consumed by a South Indian hill tribe, the Kanikkars, 

after repeated boiling to remove anti-nutritional factors. Most Mucuna spp. exhibit reasonable tolerance to a number of abiotic 

Typical conditions of Perkinson’s Disease 
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stresses, including drought, low soil fertility, and high soil acidity, although they are sensitive to frost and grow poorly in cold, 

wet soils The genus thrives best under warm, moist conditions, below 1500 m above sea level, and in areas with plentiful 

rainfall. Like most legumes, the velvet bean has the potential to fix atmospheric nitrogen via a symbiotic relationship with soil 

microorganisms. 

Due to the high concentrations of 

L-dopa (4–7%), velvet bean is a 

commercial source of this 

substance, used in the treatment of 

Parkinson's disease. The toxicity 

of unprocessed velvet bean may 

explain why the plant exhibits low 

susceptibility to insect pests.The 

non-protein amino acid-derived 

L-dopa (3,4-dihydroxy 

phenylalanine) found in this 

under-utilized legume seed resists 

attack from insects, and thus 

controls biological infestation 

during storage. All anti-

nutritional compounds confer insect and disease resistance to plants. Further, L-dopa has been extracted from the seeds to 

provide commercial drugs for the treatment of Parkinson's disease. L-Dopa is a potent neurotransmitter precursor that is 

believed, in part, to be responsible for the toxicity of the Mucuna seeds. 

 

Micro Nutrients in Seed 

Components Composition(mg/100g) 

Sodium 43.1-150.1 

Potassium 778.1-1846.0 

Calcium 393.4-717.7 

Magnesium 174.9-387.6 

Phosphorus 98.4-592.1 

The reaction representing the steps involved in the formation of dopamine from l-tyrosine and the non-protein amino 

acid L-dopa (the main phenolic compound contained in MP). 
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Iron 10.8-15.0 

Copper 0.9-2.2 

Zinc 5.0-10.9 

 

Other Nutrients in Seed 

Components Composition (%) 

Protein 20.2-29.3% 

Lipid 6.3-7.4% 

Fibre 8.7-10.5% 

Carbohydrates 49.9-61.2% 

Energy(seed) 1562-1597 kJ 

 

Cultivation 

1. Elevation – Up to 2100 m. 

2. Rainfall – 400-2500 mm/year; a good option for the humid tropics. 

3. Soil Types – Prefers well-drained soils with pH 5-8, intolerant to water logged soils. 

4. Temperature Range – 19-27° C. 

5. Day Length Sensitivity – Flowering increases with shorter days. 

6. Light – Prefers full sun. 

The large seeds germinate quickly. Sow them 3-7 cm deep with 1 m between rows and 20–80 cm between plants (this spacing 

requires 20–40 kg/ha of seed). Seed does not require scarification or inoculation with rhizobia prior to planting. If interplanting 

vining velvet bean with maize, the beans should be planted at least a month after the maize to minimize competition. Plants of 

vining types grow over a longer period of time than non-vining types. Vining varieties are good choices for providing ground 

cover over an entire rainy season. Seeds left on the ground will regrow. 

 

Harvesting 

Seeds mature 100-280 days after onset of flowering with most varieties. Pods should be picked after turning dark brown or 

black. 

Conclusion 

Mucuna pruriens is an exceptional plant. On the one hand it is a good source of food, as it is rich in crude protein, essential fatty 

acids, starch content, and certain essential amino acids. On the other hand, it also contains various anti-nutritional factors, such 

as protease inhibitors, total phenolics, oligosaccharides (raffinose, stachyose, verbascose), and some cyclitols with anti-diabetic 

effects. In fact, all parts of the Mucuna plant possess medicinal properties. The main phenolic compound is L-dopa (5%), and 

M. pruriens seeds contain some components that are able to inhibit snake venom. Thus, by cultivating and utilizing this legume 

it has a great impact on the health of society by preventing and controlling many uncurable diseases like Parkinson’s disease. 

Infloroscence Dried Pods Matured Pods 
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Abstract 

Vermicompost is an organic manure. Which is made by decomposing organic residual substances by earthworms and other 

types of insects. This does not harm the fields nor the use of chemical fertilizers, which keeps the fertilizer capacity of the fields 

and the fields are not barren. Therefore, the environment is also protected by not using chemical fertilizers. We have got a lot 

of information about the production of vermicompost and we have gone through many means, but according to me the most 

important is proper maintenance of fertilizers and preserving their quality. Apart from this, it is also very important that only 

when and how much quantity of this fertilizer should be used, so that it can fulfill the original purpose, and it is also important 

to know that vermicompost is scattered in the field Should be spread, the intention should be that vermicompost should be 

spread evenly throughout the field and mix in the soil. It will benefit here that fertilizer will have the same effect everywhere 

in the field. 

Introduce Vermicompost 

Earthworms used to go in large numbers in our lands 25-30 years ago, but today earthworms have remained in gardens and 

ponds Earthworms prepare good quality manure by eating semi-rotten organic materials available in the field. Earthworms 

have been friends of farmers since ancient times.  They are also helpful in the expected growth of bacterial fungi, protozoa, 

actinomycetes, etc. in the soil. Due to the decreasing number of earthworms, the land fertility is decreasing. Perhaps this is the 

reason that earthworm manure is missing again in organic and sustainable agriculture. 

Vermicompost is the most preferred nutrient source for organic farming, it is compatible with crops and the environment, and 

is a recycled organic product. Earthworms play an important role in soil formation and soil productivity. They make holes in 

the soil, which increases air circulation within it. Here the soil is eaten and taken out, due to which the work of turning the soil 

is also done, consequently the soil becomes brittle. The compost here is odorless, clean and organic material, which contains 

sufficient amount of nitrogen, potash and potassium and many essential micronutrients for plant growth. 

The Purpose of Vermicompost: 

1. Reduce the use of chemical fertilizers. 

2. To convert cow dung and garbage into manure. 

3. Increasing microorganisms found in soil. 

4. To increase water holding capacity in the land. 

5. Maintaining the fertility power of the land. 

6. Increasing production by eliminating the stability in production. 

7. Reducing land erosion and increasing ground water level. 

8. Improve product quality. 

9. Reducing unemployment. 

Time to Make Vermicompost 

Vermicompost can be made throughout the year. But earthworms are more efficient at temperatures of 15 to 20 degrees 

centigrade. You can easily make earthworm manure throughout the year, avoiding shade and rain and sun. Details of 

Vermicompost are shown for the information of farmers. 

Table 1:  Element Vermicompost (Percent Volume) 
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Standard Quality 

pH 6.8 % 

EC 11.70 i% 

Nitrogen 0.50-1.0 % 

Phosphorus 0.15-0.56% 

Potash 0.06-0.30 % 

Calcium 2.0-4.0% 

Sodium 0.02% 

Magnesium 0.46% 

Iron (PPM) 7563 ppm 

Zinc (PPM) 278 ppm 

Manganese (ppm) 475 ppm 

Copper 27 ppm 

Boron 34 ppm 

Aluminum 7012 ppm 

Carbon-nitrogen ratio 15:50 

 

Things to be Noted During Storage Vermicompost 

Most of the people do not pay proper attention to their maintenance and storage after the earthworms are made, as a result, 

the physical and biological properties of this fertilizer are often destroyed. And here there is no more effective and beneficial 

for the plant. During the proper maintenance and storage of earthworm manure, the following things should be kept in mind- 

1. 20-25% moisture should be maintained in order to maintain regularity in the activity and dress ability of the live organisms 

found in vermicompost. 

2. Do not store compost in open form. This affects the quality. 

3. To store for long time, keep the name and shady place in the appropriate size pit. Fill compost in the pit with dry grass and 

sack and sprinkle water when needed. 

How to Use Vermicompost 

In the first year, one acre of land can be planted with the spraying method before sowing at the rate of 20 quintal earthworm 

manure, when two to three leaves crop comes. In another experiment, 15 quintals of vermicompost per acre in the third year. 

If you want to use it in a vessel, according to the size of the pot and the age of the plant, use 350 grams 100 grams. If the field 

is covered with dry leaves or garbage, it has a good effect. Quantity and method of use of vermicompost. 

Table 2:  Following is the Method of Using Vermicompost 

S/N Crop N Quality 

1. Sugar cane 5.00 t / ha 

2. Cotton 3.75 t / ha 

3. rice, wheat, jowar, millet, maize 2.50 t / ha 

4. Groundnut, pigeon pea, moong 2.50 t / ha 

5. vegetables (potato, tomato, brinjal, carrot, cauliflower, 

onion, garlic etc.) 
1.87 t / ha 

6. roses, jasmine, marigold flowers etc. 3.75 t / ha 

7. chilies, ginger, turmeric etc. 3.75 t / ha 
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8. grapes, pineapple, banana etc. 3.75 to 5.00 t / ha 

9. coconut, mango 4 to 5 kg per plant (less than 5 years) 8 to 10 kg per 

plant (more than 5 years) 

10. lemons, oranges, mustard, pomegranate 3 to 4 kg per plant (less than 5 years) 6 to 8, kg per plant 

(more than 5 years) Plants grown in 11 pots 250 g per 

flowerpot 

 

 

Advantages of Earthworm Fertilizer 

There are many benefits of using earthworm manure which is as follows: 

1. All kinds of nutrients, hormones and jams are also found in it. Whereas only nitrogen, phosphorus and potash are found in 

fertilizers. 

2. The effect of earthworm manure lasts for a long time in the field and provides nutrients to the plants, while the effect of 

fertilizer ends soon. 

3. Its use improves the configuration and structure of the land, while fertilizers spoil it. 

4. Due to this, the land will not become barren while fertile quickly becomes barren. 

5. It is completely natural fertilizer for crops, it has no side effects. 

6. Reduces land erosion and protects the environment. 

7. The size, color, brightness and taste of crops improve, the production capacity of the land increases, the product quality also 

increases as a result. 

8. Increases air circulation inside the ground. 

Conclusion  

Vermicomposting of dry grass clippings, rice straw and cow manure is easy by using earthworms. It had all the necessary 

macro- and micro-plant nutrients such as N, P, K, Ca, Mg, Mn, Fe, Zn and Fe, which are environmentally rich nutrient fertilizers 

for the agricultural sector, which Is a dress conducive to growth and development of plants. Future studies should also explore 

the possibilities of producing vermicompost using other types of waste materials and manure. 
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Presently, there are about 7 billion inhabitants in the world. It is assumed that by 2050, the number will be around 10 billion. 

Out of these, around 700 million individuals are currently suffering from undernourishment; however, this number is rapidly 

decreasing. It will be difficult to feed this additional 3 billion people, mostly belongs to Asia and Africa, due to paucity of arable 

land (FAOSTAT, 2018). Hence, adoption of vertical farming could bring a partial solution to the world’s growing problem of 

food scarcity.  

The practice of growing crops in vertically stacked layers like skyscraper, used warehouse, or shipping containers is called 

vertical farming. In modern concept, vertical farming use indoor farming techniques and controlled environment Technology 

(CET). These facilities make use of artificial control of light, environment (humidity, temperature, gases etc.) and fertigation. 

Some vertical farms use techniques similar to greenhouses, where natural sunlight can be amplified with artificial lighting and 

metal reflectors. 

Dickson Despommier of Columbia University proposed the modern concept of vertical farming in 1999. He with his fellow 

students designed a skyscraper farm that could feed 50,000 people (Frediani, 2010). However, the design has not yet been built, 

but the concept of vertical farming is successfully popularized. Current applications of vertical farming coupled with other 

state-of-the-art technologies, such as specialized LED lights, have augmented crop yield by 10 times over the yield receive 

through traditional farming (Benke et al., 2017). 

Techniques of Vertical Farming 

1. Aquaponics: This technique combines conventional aquaculture (raising aquatic animals such as 

snails, fish or prawns in tanks) with hydroponics (cultivating plants in water). In this system, water 

from an aquaculture system is fed to a hydroponic system where the by-products are broken down 

by nitrifying bacteria into nitrites and nitrates that are utilized as plants nutrients. Again the water 

is recycled back to the aquaculture system. 

2. Hydroponics: In this technique, plants are grown without soil, 

by using mineral nutrient solutions in water solvent. Terrestrial plants may be grown with 

their roots in the mineral nutrient solution only or in an inert medium like perlite, gravel, or 

mineral wool (Sengupta and Banerjee, 2012). Despite inert media, roots can cause changes of 

the rhizosphere pH and root exudates can impact the rhizosphere biology. Vegetables like 

tomatoes, peppers, cucumbers, lettuces, marijuana and model plants like Arabidopsis 

thaliana can be grown hydroponically.  

3. Aeroponics: This technique involves growing of plants where they are anchored in 

Styrofoam panels and their roots are suspended in air beneath the panel (Sengupta and 

Banerjee, 2012). This method has been adopted by NASA (National Aeronautical and 

Space Administration) in order to find an efficient way to grow plants in space during 

1990s. In this technique plants are grown in an air / mist environment with no soil and 

very little water. Compared to conventional hydroponic systems, it utilizes less water 

(about 90%) and requires no replacement of growing medium. Due to absence of growing 

medium aeroponic systems can be done vertically. Gravitational force drains away excess liquid automatically and saves 

energy. In contrary, conventional horizontal hydroponic systems often require water pumps for controlling excess solution. 
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Currently, aeroponic systems have not been widely adopted, but are attracting significant attention.. Among limited uses, 

potato seed production through aeroponic system has already been standardized by ICAR-Central Potato Research Institute, 

India. 

4. Controlled-environment agriculture (CEA): The aim of CEA is to provide protection and maintain optimal growing 

conditions throughout the crop growth period. In this technique, crop production takes place within an enclosed growing 

structure such as a greenhouse or building where environmental factors (air, temperature, light, water, humidity, carbon 

dioxide, and plant nutrition) can be controlled easily. The CEA is often used in conjunction with soil-less farming techniques 

namely as hydroponics, aquaponics, and aeroponics. 

Key Technologies in Vertical Farming (Adapted from Mai Tao, 2019) 

1 Perception technologies: Cameras and other sensors which can monitor for color and other factors, such as fungal, bacterial 

or viral disease. 

2. Artificial intelligence: It can process the data from the sensors and formulate solution. 

3. Automated mechatronics: Robots and other automated machines which pick the produce when it is ready for market, or 

apply cures to ailments during crop growing period. 

Types of Vertical Farming 

1. Building-based vertical farms: Abandoned buildings are often reused for vertical farming. For example, a farm at Chicago 

(USA) called ‘The Plant’, which was transformed from an old eat packing plant. Sometimes, new buildings are also constructed. 

2. Shipping container-based vertical farms: Shipping containers are recycled for housing vertical farming systems. The 

shipping containers serve as standardized, modular chambers for growing a variety of plants, with LED lighting, vertically 

stacked hydroponics, smart climate controls, and monitoring systems. Moreover, vertical farming by stacking the shipping 

containers can save space significantly and achieve higher yield per unit area. Currently, many commercial shipping container-

based vertical-farming units are available in the market like ‘Greenery’ from Freight Farms, ‘Terra Farm’ from Local Roots etc. 

3. Deep farms: It is built from refurbished underground tunnels or abandoned mine shafts. Deep farms require less energy for 

heating. as the underground temperature and humidity are generally temperate and constant, it can also use nearby 

groundwater to reduce the cost of water supply. Despite low costs, an underground deep farm can produce 7 to 9 times more 

food than an aboveground conventional farm on the same land area. These underground farms, coupled with automated 

harvesting systems, can be fully self-sufficient. 

Advantages 

1. It gives maximum crop yield. 

2. Crops can be grown all throughout the year, as it is not weather dependent. It can also be grown throughout the day as it 

uses LED lights and photosynthesis can occur all the times.  

3. It reduces transportation costs as vertical farms are built in cities, so no need to import the crops from other regions. It is eco-

friendly, as decreased transportation causes less pollution.  

4. It uses very minimal water as water is used judiciously. It uses only 10% of the amount of water that are used for traditional 

farming. The water from transpiration is also re-used, so most of it doesn’t get wasted. A major part of accessible potable water 

(about 70%), normally used for agriculture, can be decreased using vertical farming.  

5. The area required to grow crops/plants under vertical farming is much less than when using traditional farming, as it is 

expanded upwards. 

6. It also grows food organically since no pesticides will be required due to lack of pest incidence. So, the foods produced with 

this technique are healthier, safer and more eco-friendly. 
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7. Finally, the higher price of crop produce is another advantage of vertical farming. In the initial years, vertical farming may 

be very expensive, but subsequently it will become a cheaper form of farming. Consequently, the price for produce will go 

down. 

 

Disadvantages 

1. It faces economic challenges with higher initial investment compared to traditional farming.  

2. Job opportunity will be less, as there is no need of people for transportation.   

3. Higher cost of pollination. As there are no insects to pollinate the crops it will have to be done manually. Manual pollination 

requires high labour wages.  

4. Finally, the dependence on technology is a big issue. Crops growing under vertical farming are dependent on the artificial 

atmosphere with constant temperature of 40ºC and humidity. If a vertical farm loses power for one day then the crop/plants 

will die, resulting in a big loss in production system. 

Conclusion 

Vertical farming is thought to be the future of sustainable food production, especially in the context of mass urbanization and 

climate change. Today, with the advent of advanced technology, it offers a lot of promising advantages over conventional 

farming in the long run. Researchers and vertical farmers should work on optimization of key farming technologies and to 

explore different business strategies across globe. 
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The spiraling whitefly (SWF), Aleurodicus disperses (Russel) is a polyphagous pest which belong to Aleyrodidae family and 

Hemiptera order with a characteristic spiraling pattern of oviposition on the underside of leaves. The pest is native to Central 

America, the Caribbean region and the Pacific islands. It was first observed in Florida in 1957 (Russel, 1965) and was reported 

in Hawaii on the Oahu island in 1978 (Paulson and Kumashiro, 1985). Since then it started to spread rapidly to most tropical 

regions of the world.  It was reported from India i;n 1993 from Kerala (Palaniswami et al., 1995) and later from other parts of 

peninsular India (Reddy and Chandurkar, 1999). Spiraling whitefly has extensive host range covering 481 plants belonging to 

295 genera from90 families of vegetables, fruits and ornamentals trees (Srinivasa, 2000). Important hosts reported so far are 

citrus, avocado, guava, plantain, banana, coconut, soybeans, cassava and stone fruit (John et al., 2007). 

Mark of Identification 

1. Nymph: Short glass like rods of wax along the sides of the body. 

2. Adult: Adults are larger than many of the whitefly species and white in colour with 

waxy coating on the body. Eyes are dark reddish brown. Fore wings are with three 

characteristic spots. 

Lifecycle 

Eggs are laid in a spiraling pattern (concentric circles) on the 

under surface of leaves. Egg period lasts for 5-8 days. 

Nymphal period is 22-30 days. Adult longevity is for 13-21 

days. Total life cycle is completed in 40-50 days.  

Nature of Damage  

Adults and nymphs congregate heavily on the lower surface 

of leaf, suck the sap and cause pre-mature leaf drop, chlorosis, 

yellow speckling, crinkling and curling. Honey dew secretion 

also leads to the development of sooty mould fungus. The 

copious white, waxy flocculent material secreted by all the 

stages of the pest is readily spread by wind and thus cause 

public nuisance. It is also a suspected vector of mycoplasma 

disease, lethal yellowing in coconut. 

Spiraling 

Whitefly 
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Management 

1. Remove and destroy damaged leaves along with life stages. 

2. Remove and destroy weed plants like Abutilon, Acalypha, Euphorbia, etc., in the nearby vicinity as these plants are alternate 

hosts. 

3. Use yellow sticky traps at 15/ha to attract and kill the adults 

4. Release Chrysoperla carnea predators at 10000/ha to kill all life stages 

5. Encourage the activity of predators such as Encarsia and Coccinellids, Chilocorus nigrita, Chilomenus sexmaculatus, etc. 

6. Spray Fish oil rosin soap (FORS) 25g/L or NSKE 5% or neem oil 0.03% 1ml/l or phosalone 35 EC 3 L or triazophos 40 EC 3 

L or  acephate 75 SP 1.5 kg in 1500 -2000 L per ha., two to three times based on the incidence. 

7. Avoid using synthetic pyrethroids and extending crop growth. 

8. Conserve spiraling whitefly parasitoids, Encarsia haitiensis and E. guadeloupae. 
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What is Golgi Apparatus? 

It is a complex network of a smooth membrane-bound organelle which helps in collection, packaging, distribution and the 

secretion of bio-molecules. Golgi apparatus/complex/body is the term given to groups of flattened disc-like structures located 

close to the endoplasmic reticulum. It is known as the post office of the cell. 

 

Fig 1. Components of a typical animal cell. 

The Name Behind the Apparatus 

It is merely the cell organelle to be named after a scientist. Camillo Golgi (1843-1926) first reported the observable characteristics 

of the organelle were at a meeting of the Medical Society of Pavia on 19 April, 1898 when he named it the ‘internal reticular  

apparatus’. In1913, the term ‘Golgi apparatus’ was officially given to the ‘internal reticular apparatus’. It was not until 1954 

that work in electron microscopy finally put the seal of approval on the existence of the organelle and the eponym ‘the Golgi’, 

was fully accepted. 

Origin of Golgi Apparatus 

There are two prevailing theories as to the formation of the Golgi apparatus: 

1. Vesicular Shuttle Model: The Vesicular Shuttle Model postulates that Golgi cannot be made from scratch and that the 

vesicles of the endoplasmic reticulum are sent to the pre-existing Golgi.  

2. Cisternae Maturation Model: The Cisternae Maturation Model suggests that vesicles from the ER fuse together to form the 

Golgi and as proteins are processed and mature they create the next Golgi compartment. 

Location 

The Golgi body occurs in all Eukaryotic cells except male gamete of Bryophytes & Pteridiophytes. It is present as one or more 

groups of flattened, membrane-bounded compartments or sacs. They are located very near the rough endoplasmic reticulum 

and hence near the nucleus. It is absent in Prokaryotic cells. 
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Distribution 

The membrane bound, Sac-like organelles are found in the cytoplasm of plant and animal cells. In most animal cells the Golgi 

Body is single and localized near Nucleus and often close to the Centrosome. However, in most Invertibrates it is diffused in 

form of two or more interconnected units. In most plant cells, liver and nerve cells of vertebrates, the Golgi Body consists of 

many independent units called Dictiosomes or Golgi Stacks. Each Dictiosome is 1-5 Micrometer in diameter. Their number is 

variable highly from 1 in simple algae like Microsome, Micromonas to 2500 in Rhizoidal cells of Aquatic algae Chara. Paramoeba 

species has two golgi apparatuses and nerve cells, liver cells and chordate oocytes have multiple golgi apparatuses. 

How is it? 

The compartments of the Golgi apparatus look rather like a pile of Pitta breads with the one at the top and bottom not being 

smooth but having broken open outermost surfaces. The number of compartments in any one Golgi apparatus is usually 

between 3 and 8. The number of sets of Golgi apparatus in a cell can be as few as 1, as in many animal cells, or many hundreds 

as in some plant cells. Specialised secretory cells contain more sets of Golgi apparatus than do other cells. 

Morphology 

Golgi Apparatus is exceedingly dyanamic as well as pleomorphic structure because of its variable shape and form in different 

cell types. in some cell types it appears compact and limited, in others spread out and reticular (net-like). The Golgi apparatus 

is morphologically very similar in both plant and animal cells. Its shape and form may vary depending on cell type. It appears 

as a complex array of interconnecting tubules, vesicles and cisternae. A group of these cisternae is called the dictyosome, and 

a group of dictyosomes makes up the cell’s Golgi apparatus. All dictyosomes of a cell have a common function. The detailed 

structure of three basic components of the Golgi apparatus is as follows:  

1. Flattened Sac or Cisternae: Cisternae of the golgi apparatus are about 1 μm in diameter, flattened, plate-like or saucer-like 

closed compartments which are held in parallel bundles or stacks one above the other. Each stack of cisternae forms a 

dictyosome which may contain 5 to 6 Golgi cisternae in animal cells or 20 or more cisternae in plant cells. Each cisterna is 

bounded by a smooth unit membrane (7.5 nm thick), having a lumen varying in width from about 500 to 1000 nm. The margins 

of each cisterna are gently curved so that the entire dictyosome of Golgi apparatus takes on a bow-like appearance. The 

cisternae at the convex end of the dictyosome comprise proximal forming or cis-face and the cisternae at the concave end of 

the dictyosome comprise the distal, maturing or trans-face. The forming or cis face of Golgi is located next to either the nucleus 

or a specialized portion of rough ER that lacks bound ribosomes and is called “transitional” ER. Trans face of Golgi is located 

near the plasma membrane. This polarization is called cis-trans axis of the Golgi apparatus. 

2. Tubules: A complex array of associated vesicles and tubules (30 to 50 nm 

diameter) surround the dictyosome and radiate from it. The peripheral area 

of dictyosome is fenestrated or lace-like in structure. 

3. Vesicles: The vesicles are 60 nm in diameter and are of three types: 

a. Transitional vesicles: They are small membrane limited vesicles 

which are form as blebs from the transitional ER to migrate and 

converge to cis face of Golgi, where they coalesce to form new 

cisternae. 

b. Secretory vesicles: They are varied-sized membrane-limited 

vesicles which discharge from margins of cisternae of Golgi. They, 

often, occur between the maturing face of Golgi and the plasma 

membrane. 

c. Clathrin-coated vesicles: They are spherical protuberances, 

about 50 μm in diameter and with a rough surface. They are found 

at the periphery of the organelle, usually at the ends of single 

Fig 2. Golgi Apparatus Structure 
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tubules, and are morphologically quite distinct from the secretory vesicles. The clathrin-coated vesicles are known to 

play a role in intra-cellular traffic of membranes and of secretory products. 

The Golgi Apparatus is Part of a Manufacturing and Supply Chain 

In non-biological terms the Golgi apparatus can be divided into three main sections. In terms of cell biology the sections, 

working from the rough endoplasmic reticulum (rer) outwards, are as follows: 

1. Cis-Golgi network (Goods inwards): This is also called the cis-golgi reticulum it is the entry area to the Golgi apparatus. It 

follows the ‘transitional elements’ which are smooth areas of the RER that are also known as the ‘endoplasmic reticulum Golgi 

intermediate compartments’ (ERGIC).  

2. Golgi stack (Main processing area): This section is composed of a variable number, typically 3-6, of flattened sacs called 

cisternae (sing. cisterna). The cisternae of the Golgi stack are divided into three working areas: cis cisternae, medial cisternae 

and trans cisternae. 

3. Trans Golgi network (Goods outwards): This section is directly connected to the trans-cisternae and it is here that final 

reactions and sorting takes place. The concentrated biochemicals are packed into sealed droplets or vesicles that form by 

budding off from the trans-Golgi surface. The vesicles are then transported away for use in the cell and beyond. 

10 Functions of Golgi Apparatus: 

1. The cell synthesize a huge amount of variety of macromolecules. The main function of the Golgi apparatus is to modify, sort 

and package the macromolecules that are synthesized by the cells for secretion purposes or for use within the cell.  

2. It mainly modifies the proteins that are prepared by the rough endoplasmic reticulum.  

3. They are also involved in the transport of lipid molecules around the cell and also create lysosomes.  

4. The Golgi complex is thus referred as post office where the molecules are packaged, labelled and sent to different parts of 

the cell.            

5. The enzymes in the cisternae have the ability to modify proteins by the addition of carbohydrates and phosphate by the 

process of glycosylation and phoshphorylation respectively. 

6. In order to modify the proteins the golgi complex imports substances like nucleotides from the cytosol of the cell. The 

modifications brought about by the golgi body might  form a signal sequence. This determines the final destination of the 

protein.  

7. The Golgi complex also plays an important role in the production of proteoglycans. The proteoglycans are molecules that 

are present in the extracellular matrix of the animal cells. 

8. It is also a major site of synthesis of carbohydrates. These carbohydratres includes the synthesis of glycoasaminoglycans, 

Golgi attaches to these polysaccharides which then attaches to a protein produced in the endeoplasmic reticulum to form 

proteoglycans.  

9. The Golgi involves in the sulfation process of certain molecules.  

10. The process of phosphorylation of molecules by the Golgi requires the import of ATP into the lumen of the Golgi. 

Summary 

The Golgi apparatus is a critical member of biochemical manufacturing as well as chain of supply inside a cell. It receives the 

biochemicals in a ‘bulk flow’ from the rough endoplasmic reticulum. It is the only organelle in the cell that receives, sorts, 

modifies, concentrates, packs and finally dispatches biochemicals for utilization inside and outside the cell. In specialist 

secretory cells the Golgi complex is responsible for the sorting and packing of such well-known items as insulin, digestive 

enzymes and pectin. The Golgi apparatus produces specialist vesicles or vessels for the transport of its products. Some of these 

have special wrappings or coatings that help identify the contents. Some vesicles are recyclable. Products from the Golgi 

apparatus go to three main destinations: (1) inside the cell to lysosomes (2) the plasma membrane (3) outside the cell. 
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Introduction 

The increasing demand of energy gives rise to search for alternative energy resources that are economical, sustainable as well 

as environment-friendly. After many years of research and study, it has been found that renewable energy sources (Solar, 

Biomass, Wind, etc.)  have that potential and sustainability such that they can replace existing energy sources. As per one 

report, India needs to increase its power generation capacity from the existing 368 GW (As of January 2020) to 800 GW by 2031-

32 to meet the power demand of the country. Fortunately, India has huge renewable energy potential and can fulfill the energy 

demands effectively. The government of India is also promoting the use of renewable energy by providing various financial 

incentives to users.  The government set a target of 175 GW renewable energy production by 2022.  To achieve the desired 

target efficient use of available renewable sources of energy is needed to be done.  

As a country with a large area engaged in agricultural practices, India is having huge biomass resources. According to one 

study presented in 2014, The gross crop residues annually generated is around 686 MT. Out of total residues production, 234 

MT is surplus and bioenergy potential from this surplus biomass is around 4.15 EJ. Despite such a huge production of biomass, 

we are lacking behind in converting this biomass into energy. There several ways of converting biomass into a useful form for 

getting energy. Conventional gasification, pyrolysis, torrefaction are the few ways of thermal conversion of biomass into a 

useful form. Plasma is one of the recent technologies has proved its excellent ability to convert biomass into a useful form. This 

article will provide brief information about plasma technology used for biomass conversion. 

What is Plasma? 

Generally, we know there are three states of matter viz. Solid, Liquid, and Gas.  Plasma is considered the fourth state of matter. 

It is a mixture of electrons, ions, and neutral particles (Du et al., 2015).  Plasma can be generated artificially by exposing neutral 

gas to extreme heat or strong electromagnetic field up to the point where ionized gaseous substances become electrically 

conductive. There are two types of plasma hot plasma and cold plasma. In hot plasma, all its components i.e. electrons and 

heavy particles are in thermal equilibrium. While in cold plasma the electrons and heavy particles are not in thermal 

equilibrium i.e. ions and neutrals remain in low temperature while electrons exhibit higher temperatures. 

There are several ways through which plasma technology can be used for biomass conversion some of them are presented 

below. 

1. Plasma Gasification: When the plasma is used as a heat source for the gasification process, the process is known as plasma 

gasification. Plasma which consists of free electrons, ions, and neutral particles is defined as the fourth state of the matter. 

When very high energy is supplied to the gas, it converted into plasma. Out of several methods of gasification, Plasma 

gasification is one of the most recent methods of gasification. The plasma gasification process is an allothermal process that 

consumes external power to heat up and sustain the high temperatures. In the process, the materials decomposed when highly 

activated plasma elements react with biomass to convert it into its elemental form (H2, CO2, CO, CH4, Char, etc). Because of 

the extremely high temperature, the higher conversion efficiency can be achieved. Products are primarily producer gas (H2, 

CO2, CO, CH4, etc.), slug and ash. The important advantages of the plasma gasification are 1) It has very short startup time 

(10-50 seconds), short resident time etc.2) As temperature developed in plasma arc reactor is very high (more than 3000 ºC) 

therefore it can handle organic as well inorganic wastes very effectively. 3) Plasma gasification technology has expertise in 

handling hazardous wastes and convert them into gaseous fuels, so it can be successfully implemented in agro-based 

industries. The main disadvantages are high installation cost and high input energy is required.  
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2. Removal of Tar from Syngas using Plasma: Sometimes gas syngas generated from the biomass gasification process contains 

a large amount of tar. The presence of tar makes syngas unsuitable for the engine applications. There are two ways by which 

tar present in the syngas can be removed, first one is by using plasma gasification and tar cleaning in a single unit and the 

second one is by installing secondary tar cracking unit with a conventional gasification system. In the case of a plasma gasifier, 

the tar generated in the reactor is cracked itself in the reactor due to the very high temperature. In the secondary tar cracking 

unit, the syngas generated in the conventional gasification process is exposed to the plasma to crack the tar. Plasma has the 

capability of reducing the tar content of the syngas even up to the undetectable level. It can remove the tar content of the syngas 

with efficiency greater than 95 % while the conventional techniques of tar removal can rarely reach up to the efficiency of 90% 

(Hasler, 1999). The main advantage of tar cracking using plasma is its excellent ability of tar conversion which can be only 

comparable with the catalytic tar cracking which is considered as best technology of tar conversion. 

3. Thermal Plasma Pyrolysis: It is a process of exposing a carbonaceous material to very high temperatures with a very limited 

amount of oxygen to get useful gaseous and solid products. As biomass is supplied to the highly reactive plasma zone the 

electrons, excited molecules and high energy radiation heated the biomass very rapidly. As a result of this, the volatile matter 

content of the biomass gets released and cracked giving rise to hydrogen and light hydrocarbons such as methane and 

acetylene. The amount of gaseous and solid products from plasma pyrolysis depends on the operating conditions such as 

plasma input energy. The amount of gas product can reach up to 70–80% of the feed which is very high compared to the 

conventional pyrolysis process. Few important advantages of plasma pyrolysis technology are 1) Very efficient transfer of heat 

to get desired chemical and physical properties in output products. 2) Higher and effective temperatures can be easily achieved 

in compact and fast response reactors. 3) Capable of destroying harmful components with acceptable level of pollution. The 

main disadvantage of this method of pyrolysis is very high amount of input energy per unit of product handled is required. 

Conclusion 

To fulfill the ever-increasing demand for energy rapid as well as environment-friendly conversion technology to convert 

biomass into a useful form is needed. Plasma technology has the potential to convert biomass into its useful form (syngas, 

charcoal, bio-oil, etc.) in an extremely efficient way as well as with minimum environmental impact. The only hurdle which 

this technology has is its installation as well as operating cost. 
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In this modern era, where urbanization and industrialization are gradually increasing, very shortly the earth will reach in a 

position of significant environmental destruction because of pollution.  Though we, the human beings, are only responsible for 

this but it is our natural instinct to blame other factors for this pollution issue. Being the socially intelligent creature, it is our 

duty to find out the ways of coping up this ever-increasing pollution, so that we can regain our serene environment once again. 

Among different sectors which contribute significantly in environmental pollution, Agriculture is one of them. It has been 

reported that in India, Punjab alone, is releasing approximately 140 million tons of CO2 into the atmosphere in addition with 

methane, nitrous oxide, air pollutants by burning about 70-80 million tons of rice and wheat straw annually. The US 

Environmental Protection Agency (USEPA) reported that agricultural activities accounted for about 12 percent of emission in 

2012.  Methane is primarily produced from enteric fermentation and manure management, while soil fertilization is the largest 

source of nitrous oxide and agriculture soils provide a small (0.4%) positive flux (soil sequestration slightly exceeds soil 

emissions) of carbon dioxide. Furthermore, water pollution from animal feeding operations and soil nutrients has been a 

primary focus which is associated with agriculture and it is having severe impact on water quality. So, at this present situation, 

where climate change is a major concern, proper crop management practices has been an important focus to maintain the 

environmental and ecological balance to a great extent.  

So, the crop residue when subjected to a high temperature of around 350-700°C with limited or no oxygen environment, it 

produces a carbon rich product called “Biochar”. It is black, lightweight, highly porous, fine-grained, carbon rich product 

having large surface area with great impact on soil health, crop yield and as a whole on the environment. Approximately 70 

percent of its composition is carbon. The remaining percentage consists of nitrogen, hydrogen and oxygen among other 

elements. Biochar’s chemical composition varies depending on the feed stocks used to make it and methods used to heat it. 

Thus, the process of conversion of organic waste to produce biochar through pyrolysis is one of the feasible alternatives that 

can enhance natural rates of carbon sequestration in the soil, manage farm waste, improve the soil physico- chemical properties 

and reduce the emission of GHGs. 

History of Biochar 

Although biochar technology is being considered as a more recent strategy for carbon sequestration, but the practice of adding 

charred biomass to improve soil quality is not new. This process is modelled as a 2,000-year-old practice in the Amazonian 

basin, where indigenous people created areas of rich, fertile soils called terra preta (meaning ‘dark earth’). Whether these soils 

were intentionally made or are simply a by-product of farming or cooking practices is still unclear. But one thing is sure and 

that the fertility of terra preta is significantly higher than the otherwise famously infertile soils of the Amazon. This explains 

why plants grown in terra preta soil grow faster and are more nutrient-dense, than plants grown in neighboring soils. In fact, 

terra preta soils continue to hold carbon still today. 

Perspective of Biochar Application in Soil 

Crop residue management is a very common problem faced by the farmers from all over India. These problems arise due to 

short turn around period, lack of requisite machinery, small holding and more number of combine harvesters leaving behind 

a lot of unmanaged residue in the field. So, farmers prefer burning residue in soil. Besides the benefit of clean cultivation, 
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burning leads to soil nutrient loss, negative impact on soil properties like increase in soil temperature, microbial death, lack of 

micro and macro nutrient from soil and rise in greenhouse gases thus increase global warming. 

 

Preparation 

Biochar is produced by pyrolysis, a thermal decomposition of biomass in a limited oxygen environment. The quality of 

feedstock’s or materials burnt has a direct impact on the quality of the final biochar product. Basically, any form of organic 

materials can be pyrolyzed. Clean feed stocks with 10-20% moisture and high lignin content must be used. Due to the large 

output of biomass solid waste resources, biomass is a common raw material for biochar, mainly including wheat straw, corn 

straw, wood chips, melon seed shell, peanut shell, rice husk, livestock and poultry manure, kitchen waste, sludge, fruit skin, 

etc. But using contaminated feed stocks, including feed stocks from railway embankments or contaminated land, can introduce 

toxins into the soil, drastically increase soil pH and inhibit plants from absorbing minerals. Biochar can be manufactured 

through low-cost, small-scale production using modified stoves or kilns or through large-scale, cost-intensive production, 

which utilizes larger pyrolysis plants and higher amounts of feed stocks. One of the most common ways to make biochar for 

on-farm use is through pyrolysis using a top-lit updraft biochar 

machine. Biochar prepared from different materials contain varies 

proportion of cellulose, hemicelluloses, and lignin. So, its yield, 

element composition and ash content are different. The ash content of 

biochar from corn straw prepared at 7000C was the highest (73.30%), 

compared to canola, soybean and peanut straw biochar (28.55%, 

23.70%, 38.50% respectively). The reaction temperature ranges of high 

temperature anoxic, hydrothermal synthesis and flash carbonization 

for the preparation of biochar are 400–9000C, 180–2500C and 300–

6000C respectively. In general, with the increase of pyrolysis 

temperature, the yield of biochar and the number of acidic functional 
Preparation of Biochar 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            299 | P a g e  
 

groups (-COOH, -OH) decrease, while the alkaline functional groups, ash content and pH increase. In addition, the effects of 

pyrolysis temperature on the surface area and pore volume are especially significant. 

Table 1: Physicochemical Properties of Biochar Prepared by Different Methods and Process Parameters 

Effect on Soil Properties 

Salinity is one of the important environmental factors, which influence fertility and quality of the soil and in terms of plant 

yield also. Many crop plants are very sensitive to high salinity as well as low acidity. Biochar application into soil is found to 

enhance various physicochemical properties under acidic and saline conditions. It is a carbonaceous compound and can be 

utilized as a better soil ameliorant in comparison to other organic amendments for improving the fertility of soil for an 

elongated time period.  But ameliorating ability of biochar depends on pyrolytic conditions, feedstocks used and soil properties. 

Higher final pyrolysis temperature i.e. >400oC helps to produce alkaline pH whereas the lower the pyrolytic final temperature, 

the lower is the pH in the char structure, due to the remaining of carboxyl and hydroxyl groups on its structure. So, when 

biochar is added in the soil, it has been found to increase the soil pH and CEC (Cation Exchange Capacity) due to its intrinsically 

high pH. Liming power of biochar depends basically on its ashes content, which is not really biochar but one of its fractions 

(mineral fraction). Ash content of biochar is variable and depends on the feedstock. The liming effect of the biochar ashes 

depends on the content of bases (Ca, Mg, K and Na). 

Total Porosity 

Since, biochar has low bulk density therefore, it has been reported to increase the total porosity of the soil. Relative contribution 

of three types of pores (macro, meso, micro pores) varies in total increment of soil porosity depending upon biochar and soil 

type (Githinji, 2013). This increase in soil porosity is due to high porous nature of biochar (Mukherjee et al., 2013). It has been 

reported that soil porosity is decreased by biochar application due to clogging of soil pore by biochar dust. 

Table 1: Effect of Different Types and Different Rates of Biochar on Soil Porosity of Different Types of Soil. 

Soil Type Type of biochar Study type (Scale) Application rate 

of Biochar % 

Soil Porosity 

% or cm3 cm-3 

Reference 

Loamy 

sand soil 

Peanut hulls 

Slow 

Pyrolysis (5000 

°C) 

Laboratory 0 

25 

50 

75 

100 

0.50a 

0.55b 

0.61c 

0.69d 

0.78e 

(Leonard 

Githinji, 

2013) 

Silt loam Corn Stover (CS) 

CS (350o C) 

CS (550o C) 

Column 1.73 

1.73 

1 

Increase 13a 

10a 

19b 

(Herath et 

al., 2013) 

Allophanic Pine biochar 

Fast pyrolysis 

(650 oC) 

Laboratory 0 

12.5 

25 

69.64a 

71.28a 

72.05a 

(Rahman 

et al., 

2011) 
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Silt loam Betula pendula 

400o C  

Field 0 

1.2 

50.9 

52.8 

(Karhu et 

al., 2011) 

Bulk Density 

Bulk density of soil has a significant effect on soil properties as well as on plant growth e.g. a soil having high bulk density 

(>1.6 mg cm-3) has less capacity to absorb water and thus plant growth is affected. But biochar is having higher porosity; 

thereby it increases the soil pore volume and significantly reduces bulk density of soil. That’s why plants grow better under 

biochar applied soil. 

Soil Moisture Holding Capacity 

When biochar has been applied, due to increased soil pore volume, water-holding capacity is also increased. Simultaneously, 

it increases plant-available water, plant resilience in drought condition and greater crop productivity per unit of water. 

Soil Nutrient Holding Capacity 

Biochar has the ability to retain nutrient by means of adsorption. High surface area and high CEC induce development of 

surface charges. As a result, less fertilizer needs to be applied, thereby reduces the cost of cultivation. Biochar application is 

found to limit the availability of ammonium ion in soil solution and it limits the nitrification process. So that plants can get 

more nitrogen and leaching of nitrogen fertilizer becomes minimized. 

Effect on Soil Beneficial Microbes 

It also has influence on bacterial community composition. It limits the availability of NH4+- N to heterotrophic and autotrophic 

microbes (nitrifers). Biochar contains some aromatic hydrocarbon compounds which suppress the bacterial population and 

increase the fungal growth and provides a suitable habitat for soil beneficial microorganisms. Furthermore, biochar has been 

considered as a Rhizobium inoculant carrier to increase the Rhizobium survival rate and has been reported to increase the 

soybean nodulation rate. In view of the facilitating Rhizobium survival, biochar can provide a habitat for microbes due to its 

porous structure, which has a high internal surface area and a high ability to adhere soluble organic matter. 

Effect on Greenhouse Gases (Carbon di-oxide Gas) 

Biochar production is a carbon-negative process, which means that it actually 

reduces CO2 in the atmosphere. While 

processing biochar, the unstable 

carbon in decaying plant material is 

converted into a stable form of carbon 

which is stored in the biochar. When 

biochar is applied into the soil, it stores 

the carbon in a secure place for 

potentially hundreds or thousands of 

years. Biochar holds 50% of the carbon 

biomass and it sequesters overall 

amount of atmospheric CO2. Biochar 

system also needs to be taken into 

account, viz. emissions resulting from biomass growth, collection, pyrolysis, 

spreading and transport, to consider it as a truly carbon negative. To put it simply, 

the feedstocks that are used for making biochar would release higher amounts of 

carbon dioxide to the atmosphere if they are left to decompose naturally. Biochar 

technology ultimately reduces carbon dioxide in the atmosphere by heating the 

feedstocks and transforming their carbon content into a stable structure that doesn’t 

Graphical representation of changes 

of CEC and SOC of terra preta soil 

on refernce to forest soil redrawn 

after Sombroek et al. (1993) by 

Glaser and Bark (2012). 
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react to oxygen. Carbon is adsorbed on the surface or into the pores of biochar, thereby decreasing SOC mineralization. The 

suppression of SOC mineralization is also reported, thereby causing a decrease in CO2 emissions. 

Nitrous Oxide Gas 

Agricultural land is a major source for increasing the NO gas into the atmosphere. So, whenever any nitrogenous fertilizer is 

applied, it comes through ammonium form, then through nitrification and denitrification it is converted to Nitric oxide (NO) 

and finally Nitrous Oxide (N2O) and emitted in the atmosphere. Therefore, biochar may potentially alter N2O emission by 

affecting ammonia-oxidizing and denitrification bacteria, which are determined by the application rate of biochar in soil. 

 

Studies revealed that soil biochar amendment can 

significantly increase typical and atypical ‘nosZ’ gene and transcript copies, suggesting a higher abundance and activity of N2O 

reducers in response to soil biochar amendment and also the corresponding structural gene which is nosZ assembled in the 

nosRZDFYL gene operon. Several species capable of denitrification are also nitrogen-fixing bacteria, including rhizobia such as 

Bradyrhizobium japonicum and Sinorhizobium meliloti are the crucial factors in this process. Indeed, genes responsible for 

denitrification have been found in rhizobial genomes. 

Thus, the N2- N2O flux gets reduced and also soil can able to retain more N with time, therefore decreasing the emission of 

N2O in atmosphere. 

For Methane Emission 

Methane gas (CH4) emission is increased by more than 150% since 1750 and agriculture specially rice field is found to be the 

major source for its emission into the atmosphere. Biochar reduces methane emission up to 90% as compared to non-amended 

and residue incorporated soil. Methane emission is suppressed by increasing soil pH. Biochar application increases soil aeration 

by influencing microbial activity (specially methanotrophs) and decrease 

CH4 emission. Biochar amendment could decrease methanogenic archaea 

and increase of methanotroph ‘pmoA’ gene, which are the mechanistic 

origin for CH4 reduction. 

Method of Application of Biochar 

Biochar may be applied by hand, using tractor propelled lime spreader or 

other else. But its application in mixture with compost and manures and 

deep banding in rhizosphere zone is found to increase the suitability of its 

application. The formation of polyaromatic hydrocarbons (PAHs) during biochar production is inevitable. Therefore, it is 

crucial to assess the risks in food safety and human health of crops grown in biochar- amended soils. So, Biochar application 
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should not be more than 20 t/ha to avoid the risks of human health. PAHs in biochar may be reduced by improving the biochar 

production process and developing a cost-effective post-manufacturing treatment. 

Biochar Application in India 

To enhance the soil carbon content of nutrient poor soils, Tamil Nadu farmers started biochar application on a trial basis. They 

observed the improvement of physical and chemical properties of the soil and the impact remained for three cropping cycles. 

In this practice, they also found a solution in recycling Prosopis juliflora, which was rapidly invading their fields.  

A machine named ‘Pratap Biochar Kiln’ has already been developed by Maharana Pratap University of Agriculture and 

Technology, Udaipur with a view to get relief from these farm residues by processing Biochar. Here, agricultural farm residues 

are put into an environment of 450°C.  300g biochar can be generated from one kg straw costing @ 180 rupees. 

 

 

 

 

 

 

Biochar formation and application in India 

Effect of Biochar on Livestock Waste Water, Heavy Metal and Pollutant 

At present, biochar adsorption technology is gradually applied in the field of wastewater treatment. It has been shown that 

biochar has good adsorption effect on typical pollutants of livestock wastewater such as organic pollutants, heavy metals, 

nitrogen, and phosphorus. After magnetization, biochar with good magnetic is easily separated from liquid, which is more 

suitable for livestock wastewater, compared to commercial activated carbon products. Biocarbon can adsorb antibiotic 

substances in water phase (fluoroquinolone, sulfamethoxazole, etc.) and its adsorption mainly through π-π electron 

donor/receptor, hydrogen bonding and cationic bridge. At the same time, as because of good adsorption capacity for nitrogen 

and phosphorus, biochar can be used as a slow-release fertilizer which is agricultural environment-friendly and cost effective. 

Conclusion 

It has been told that, ‘The nation that destroys soil, destroys itself’. Agricultural sector, which is the pillar of our economy, is 

very much responsible to pollute environment by burning crop residues, emitting GHGs, polluting soil and so on. So, to 

overcome all these issues, biochar preparation and its application is greatly needed at this time. Its application maintains 

physico-chemical properties of soil, can build up good microbial population and thereby reduces heavy metals and other 

pollutants.  Emission of greenhouse gases can also be controlled by biochar application in crop cultivation. So, the nation should 

step forward to prepare this for the benefit of our society, our farmers, our economy and our planet. 
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Social Entrepreneurship 

A Social Entrepreneurship is an organization which uses business methods to address a social or environmental problem in an 

innovative way. In this article, we will look at the social entrepreneurship meaning and also look at what defines a social 

entrepreneur. 

Concept of Social Entrepreneurship 

In today’s times, social entrepreneurship is a revolution across the world. People from different walks of life are creating and 

implementing effective, innovative, and sustainable solutions to battle social and environmental challenges. These solutions 

include services and products for profit or as a non-profit initiative. 

Definition - Social Entrepreneurs 

Social entrepreneurs are individuals with innovative solutions to society’s most pressing social problems. They are persistent 

and ambitious, tackle major social issues and offer new ideas for a wide-scale change. 

Essential Characteristics of Social Entrepreneur 

1. Curiosity: Social entrepreneurs must nurture a sense of curiosity about people and the problems they face. The best social 

entrepreneurs seek to truly understand the needs and desires of the people they serve. 

2. Inspiration: In order to design effective solutions, social entrepreneurs must be inspired by the people and problems they 

encounter. 

3. Resourcefulness: In the world of social entrepreneurship, key resources, such as human and financial capital, can often be 

scarce. Successful social entrepreneurs know how to leverage the resources at their disposal and develop innovative methods 

to overcome obstacles. 

4. Pragmatism: Changing the world takes time, effort, and experimentation. While visions for massive social change may 

provide their inspiration, experienced social entrepreneurs know that they need to take small steps in pursuit of their goals. 

Great social ventures are not born overnight! 

5. Persistence: Social entrepreneurs take on some of the most daunting challenges our society has to offer. This often creates a 

recipe for early-stage failures. However, the successful social entrepreneurs are the ones who persist past initial setbacks and 

persevere to deliver effective solutions. 

Why Social Entrepreneur? 

Like regular business entrepreneurs change the face of business, social entrepreneurs work as the agents of change for the 

society. They seize opportunities that others miss, improve systems, invent new approaches and also create solutions to change 

society for the better. A business entrepreneur can create an entirely new industry. Similarly, a social entrepreneur can come 

up with new solutions to social problems, implement them on a large scale and change the face of society. Here are some 

examples of leading social entrepreneurs: 

1. Susan B. Anthony (U.S.): She fought for Women’s Rights in the United States of America. Her fight included the right to 

control property and helped spearhead the adoption of the 19th Amendment to the Constitution. 
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2. Vinoba Bhave (India): He was the founder and leader of the Land Gift Movement. Under this movement, he caused the 

redistribution of more than 7,000,000 acres of land to help India’s untouchables and landless. 

3. Dr. Maria Montessori (Italy): She developed the Montessori approach to early childhood education. 

4. Florence Nightingale (U.K.): She was the founder of modern nursing. Further, she established the first school for nurses and 

fought to improve hospital conditions. 

How Social Entrepreneurs Play the Role of Change Agents? 

1. They adopt a mission to create and sustain social value (not just private value). Further, they recognize and relentlessly 

pursue new opportunities which serve the mission. 

2. Also, engage in a process of continuous innovation, adaptation, and learning. 

3. Further, act boldly without being limited by the resources in hand. 

4. Finally, exhibit heightened accountability to the constituencies served and also the outcomes created. 

Importance of Social Entrepreneurship 

Social entrepreneurship entails the use and creation of startup companies to enhance awareness and come up with solutions 

to cultural, social and environmental issues. The importance of social entrepreneurship is that it serves to turn profit and find 

success while helping others throughout the world without the practice or involvement of misconception and fraud. 

In other words, social entrepreneurship is the act of managing a business with the respect for others in mind- a business that 

believes in achieving success while improving the lives of others as well as the environment in which we all live. 

Conclusion 

Social entrepreneurship is all about recognizing the social problems and achieving a social change by employing 

entrepreneurial principles, processes and operations. It is all about making a research to completely define a particular social 

problem and then organizing, creating and managing a social venture to attain the desired change. The change may or may 

not include a thorough elimination of a social problem. It may be a lifetime process focusing on the improvement of the existing 

circumstances. 
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Introduction 

Mantises are of insects belonging to an order Mantodea that contains over 2,400 species in about 430 genera in 15 families. The 

largest family is the Mantidae. Mantises are distributed worldwide in temperate and tropical habitats. They have triangular 

heads with bulging eyes supported on flexible necks. Their elongated bodies have forelegs that are greatly enlarged and 

adapted for catching and gripping prey; their upright posture, while remaining stationary with forearms folded, has led to the 

common name praying mantis. They are highly predatory, feeding mostly on insects and even their siblings. While small 

insects form the majority of their diet, large prey like frogs and scorpions are also known to be targeted. Using their cleverly 

adapted coloration, they camouflage themselves very well and mostly hunt by ambushing their prey. Since mating incurs 

significant reproductive costs on the female, cannibalizing the male can be an effective feeding strategy.  Sexual cannibalism 

is the consumption of a conspecific individual of the opposite sex before, during or after mating (Elgar and Schneider, 2004).  

Sexual cannibalism in praying mantids is legendary, and a great majority of species display sexual cannibalism. Benefits of 

sexual cannibalism to the female are controversial in some species (Maxwell, 2000), but in the Chinese mantis Tenodera aridifolia 

sinensis, the benefits are clear: females gain valuable reproductive resources through cannibalism, when females consume more 

prey or larger prey, they lay larger oothecae (egg cases) that contain more eggs, and they ultimately produce a greater number 

of offspring. A single ootheca may weigh 30%–50% of a female’s biomass and thus represents a tremendous investment. Yet in 

the field, females are often food limited (Hurd et. al., 1995), making males valuable as a food source, and hungry females are 

more likely to cannibalize males than are satiated females. Sexual cannibalism obviously eliminates the possibility of future 

mating for the male and thus imparts a clear cost¬¬ - the total loss of future reproduction. All else being equal, this cost will 

generate strong sexual conflict over cannibalism. Yet male mantids can initiate copulation even after cannibalism has begun, 

and decapitation by cannibalism may even increase copulatory behaviour. Thus, precopulatory attacks by females may not 

diminish a male’s mating success with the current female and may even increase the chance of successfully mating. 

Types of Mating Systems  

The classical view of sexual selection has been that of competing polygynous males and particular monandrous females, 

resulting in a substantial research effort devoted to female mate choice and relatively few studies of male mate choice. This 

traditional dogma may, however, be too simplistic.  

First, while it may be true that sperm are relatively cheap to produce on a gamete-for-gamete basis, they are hardly ever 

ejaculated as single units. Rather, they are transferred within ejaculates that are typically composed of millions of sperm, as 

well as other important substances that make up the seminal fluid. Obviously, the cost of producing an ejaculate will be much 

greater than the cost of producing an individual spermatozoan; therefore, the difference in gametic investment between the 

sexes may be less than was previously thought (Wedell et. al., 2002).  

Second, when males invest more in sexual reproduction than females, typical sex roles may be reversed and male mate choice 

more likely. For example, males of many role-reversed purplish species have been shown to prefer large females (Silva et. al., 

2007), and male crickets that produce spermatophylaces exhibit ‘cryptic male choice’ by altering the number of sperm 

transferred in relation to mate competition and female size.  

Third, monogynous mating systems where behavioural and morphological traits restrict the opportunity for a male to mate 

with more than one female are widespread, again increasing the probability of male mate choice (Fromhage et. al., 2005). 

Finally, if female quality is sufficiently variable, polygynous males should benefit from exhibiting some level of male mate 

choice. In this case, we should expect males to choose or reject females based on traits that indicate potential reproductive 
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success, such as body size or body condition. Sexually cannibalistic mating systems provide an excellent opportunity to 

examine and gain a better understanding of male mate choice, that is, mate choice between two or more individuals or the 

more extreme form of choice that manifests as mate rejection, including the circumstances and mechanisms by which males 

might be selective because of the potentially high cost involved in the mating process, that is, death, cannibalistic mating 

systems are partially role reversed, and males are, therefore, more likely to be choosy (Elgar and Schneider, 2004).  

Mating Ritual 

To mate, the male must mount a female while pinning down her back and thorax with his forelegs. During this process, there 

are three opportunities for sexual cannibalism to happen before copulation, during copulation, and post copulation. In the pre-

copulation stage, the female can decide to eat the male if she doesn’t perceive him as a suitable mate. Remarkably, females can 

also cut the male’s head during sex. The male continues to deposit sperm and sometimes even attempts an escape, despite the 

beheading. Finally, and most commonly, females cannibalize the male immediately after sperm deposition. 

Evolution 

According to a study performed on the praying mantis species Pseudomantis albofimbriata, sexual cannibalism appears to have 

evolved because of the nutritional benefit female mantis receive from eating their mates (Barry, 2008).  The cannibalistic females 

improved their health and produced heavier egg sacs than the non-cannibalistic females. In addition, females in poorer 

condition were more likely to be cannibalistic than females in good condition. 

Hypotheses 

Sexual cannibalism is a phenomenon that has been observed in many species of arachnids, insects, and amphipods. Why it has 

evolved across a diverse range of creatures is still a matter of discussion. There are four main hypotheses for the evolution and 

maintenance of sexual cannibalism among insect and arachnid groups. The first is that it is an extreme form of female mate 

choice where females are eating males of an undesirable phenotype while more desirable males are a permitted to mate, 

without being devoured.  Next, some think it is the product of selective pressures for more aggressive females during earlier 

life stages.  Alternatively, it has been proposed that sexual cannibalism occurs due to an increased foraging vigor in smaller 

females. Lastly, sexual cannibalism could be an adaptive foraging strategy, meaning females receive enough nutrients from 

feeding on their mates to boost their survival and fecundity. 
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Introduction 

Dragon fruit (Hylocereus spp.) were cultivated from last few years in India. Native of dragon fruit is a Mexico and central and 

south America. Dragon fruit is fast growing, perennial, vine like cacti. It is a tropical fruit crop which required a long day. Due 

to the night blooming flowers also called as “Queen of the night”. It is considered to be a promising, remunerative fruit which 

has attractive colour and mellow mouth melting edible black seeded pulp. 

There are three type of fruits based on colour (1) Red colour fruit with white colour pulp (Hylocereus undatus), (2) Red colour 

fruit with red colour pulp (Hylocereus polyrhizus) and (3) Yellow colour fruit with white colour pulp but first two types of fruits 

are mostly cultivated in India. Dragon fruit crop is mostly cultivated in Karnataka, Kerala, Tamil Nadu, Maharashtra, Gujarat, 

Orissa, West Bengal, Andhra Pradesh states of India and estimated total area under the cultivation is less than 400 ha. Dragon 

fruit has recently drawn much attention among the Indian growers, not only because of its attractive red or pink color and 

economic value as fruit, but also valued for its high antioxidant potential, vitamins and minerals content. 

Table 1: Nutrient Composition per 100g 

Composition White pulp dragon fruit Red pulp dragon fruit 

Energy (kcal)  130 283 

Protein (g)  0.5 0.2-1.1 

Fat (g)  0.1 0.6-0.9 

Carbohydrates (g)  9.5 11.2 

Glucose (g)  5.5 4.7-5.7 

Fructose (g)  1.9 1.8-3.2 

Crude fiber (g)  0.3 0.7-1.3 

Calcium (mg)  3.1- 6 2.3-10.2 

Sodium (mg)  3.3 7.3-8.9 

Potassium (mg)  399.5 272-328.4 

Iron (mg)  0.4 0.6-3.4 

Magnesium (mg)  26.6 31.3-38.9 

Phosphorous (mg)  19 27.5-36.1 

(Source: Gunasena et. al., 2006 and Kansci et. al., 2008) 

Benefits for Human Health 

1. Prevention of high blood pressure and various heart disease 

2. The carotene content in the nutritious fruit provides anti-carcinogenic benefits and inhibits tumor growth 

3. Delays aging of skin cells  

4. Boosting the immunity 

5. Control of diabetes 

6. Lowering the cholesterol level  

7. Used in weight loss treatment etc. 
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Climate Requirement 

Dragon fruit plant should be planted in an open well sunny area for best vegetative growth and fruit production. Plantation of 

dragon fruit is not recommended in windy area because high wind velocity can damage the trellises or supports which is 

provided to stems. 

Soil 

Dragon fruit can be grown in a wide range of soils. Well drained and well fertile with high organic matter having good water 

holding capacity soils are the best. Sandy loam and slightly acidic soil are most ideal. 

Cultivars 

1. Red fruit skin with white pulp- Hylocereus undatus. 

2. Red fruit skin with red pulp- Hylocereus polyrhizus. 

3. Yellow fruit skin with white pulp- Hylocereus megalanthus. 

4. Red fruit skin with violet red pulp- Hylocereus costaricencis. 

Propagation 

Seeds are generally not used for the multiplication of dragon fruit plants because the plant produces from the seeds are not 

true to type.  

Dragon fruit plants can easily multiply through stem cutting 2-3 years old strong and dark green branches should be selected. 

Generally, 20-25 cm long, healthy and disease-free stem cutting are used for planting. The cutting must have good eyes, which 

are covered by strong thorns. The cutting should be treated with pesticide to reduce a pathogen infection. Stem cutting are 

planted in 12×30 cm size polyethylene bags, filled with FYM, soil, and sand in equal amount. After this bag are kept at shady 

place for rooting. Cuttings are become ready for planting within 5-6 months (Tripathi et. al., 2014). 

Planting 

A Dragon fruit plant prefers open area with full sunlight. The shady areas for plantation are not suitable. Spacing between 

plant to plant should be 3 m and row to row distance is also 3 m. Height of single vertical pole 1.5 to 2 m at which point they 

are allowed to branch and hang down. 20 kg organic fertilizer + 0.5 kg super phosphate + 1kg NPK16-16-8 per 50 supporting 

posts before dragon fruit plantation. Generally, 2 to 4 numbers of plants are planted per pole in opposite direction. Lateral 

shoots must be limited and 2-3 main stems are allowed to grow. Because lateral shoots bust be removed time to time. It is 

important to arrange round metal/concrete frame to maintain balanced shrub. Because it spread the hanging shoots balance 

way. The addition of organic fertilizer and soil enriched with farmyard manure, coir compost and vermin compost etc. 

Training to Plants 

The dragon fruit plants are required proper training after few days for batter growth and development. It is a fast growing 

vine and produces more thick dense of branches during the initial stage. When vines reach up to the top of the stands the 

branches are allowed to grow. Due to removal of tip of main stem is to allow growth of new shoots to grow laterally and climb 

at the ring to form an umbrella-ring like structure of vines where flowers will emanate and develop into fruits. The well grown 

vine may produce 30 to 50 branches in a year. There are four trellis systems like single pole with cement and iron ring, 

continuous pyramid stands and T stands with two different cultivars. Single pole system showed better performance in growth 

and yield when comparatively other trellis system. Single pole with ring type of trellis that can support the weight of the plants 

and allow easy access to flower and fruit will work for commercial production. 

Manure and Fertilizers 

1. For batter yield performance first year 50 g N + 50 g P three time in a year per supporting post. 

2. At fruit bearing stage 500 g N + 500 g P + 500 g K + 20 kg organic fertilizer three time in a year per post. 

3. The fertilizer must be stop at least 10 to 15 days before fruit harvest. 

Irrigation 
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Dragon fruit plant require very low rainfall but for the production of good quality fruit are required a regular water supply. 

At flowering and fruit development water is required the most. Micro irrigation system is recommended for the dragon fruit 

plantation. 

Essential Operation 

Weeding- weed free condition is necessary to control pest and reduce the competition in nutrients. 

Pollination 

In dragon fruit crop lack of genetic diversity or the absence of pollinating agents in certain production areas mean that manual 

crosspollination is needed to ensure fruit set and development. Manual pollination is simple it may be carried out from before 

anthesis of the flower from 4:30 P.M. until 11:00 A.M. the next day. These manual pollinations are worth undertaking and the 

fruits obtained are of excellent quality. 

Harvesting 

The plant start yielding after 12-15 months from the date of planting and the fruit maturity could be optimized with the change 

of fruit epicure color from green to red. Proper time of harvesting was found after seven days of color transition. The plants 

yield the fruits in the months between June to September, and harvest could be done three to four times in a month. 

Pest and Disease Control 

Dragon fruit crop is very less infected by insect and pest compares to other tropical fruit crops. Mainly ants, scale insects and 

mealy bugs like pests are cause damage which can be control by the application of common insecticide. 

Yield of Dragon Fruit 

Dragon fruit planting are minimum three-year-old than after production of fruit approximately 30 to 35 kg per pole. 

Value Added Product of Dragon Fruit 

1. Dragon fruit can be converted into juice, jam, ready to serve beverage, squash, red wine etc. 

2. Dragon fruit contains 0.20-1.04 % pectin (Kanjana et al., 2006) so its jam and jelly usually call for added pectin. 

Step wise Procedure of Jam and Jelly Preparation from Dragon Fruit 

Dragon fruit planting are minimum three-year-old than after production of fruit approximately 30 to 35 kg per pole. 

1. Dragon fruit Jam 

a. Dragon fruit (fully ripe) 

b. Washing 

c. Peeling 

d. Pulping 

e. Addition of sugar (1:1) 

f. Boiling 

g. Addition of citric acid (0.6 %) 

h. Judging of end point by cooking up to 105 °C by sheet test 

i. Filling and storage 

2. Dragon fruit jelly 

a. Ripe pulp fruit 

b. Washing and peeling 

c. Extraction of pulp and straining 

d. Addition of sugar and pectin solution 

e. Boiling (TSS 55°Brix) 

f. Addition of citric acid (TSS 58°Brix) 
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g. Judging of end point (68-70 %) 

h. Filling hot into sterilized bottle 

i. Capping and storage 

Conclusion 

Dragon fruit is recently introduced less popular fruit crop as compared to other tropical fruit crops in India. The fruit with 

excellent nutrition value, export potential and highly remunerative in nature is the future fruit for India. Dragon fruit can be 

converted into so many values added products. These products can be transferred to the industry to provide more income 

opportunities for farmers. 
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Introduction 

Integrated Nutrient Management refers to the maintenance of soil fertility and of plant nutrient supply at an optimum level 

for sustaining the desired productivity through optimization of the benefits from all possible sources of organic, inorganic and 

biological components in an integrated manner. 

The main concept of INM is the maintenance and possible improvement of soil fertility for sustained crop productivity on long 

term-basis and also to reduce inorganic (fertilizer) input cost. It is a most emerging concept in this new era and revolution in 

agriculture. By adopting this, farmers take benefits by reducing the cost of input. Its aim is to reduce cost and optimise the use 

of fertilizer by balancing all that in a single mean. Requirement of a crop for a nutrient is decided by the rooting behaviour and 

its mining ability, the native soil status, the potential yields as decided by the soil-agroclimatic situations, the targeted yields 

and nutrient management. In major nutrient N is most important element, after that P is essential for the rooting of plant. 

Amongst secondary and micronutrients, S & Zn deficiency is on the rise. Therefore, an INMS is the most efficient and practical 

way to mobilize all the available, accessible and affordable plant nutrient sources in order to optimize the productivity of the 

crops/cropping systems and economic return to the farmer. Three years data collected from 267 sites in India under different 

crops convincingly show a 22% increase in yield by following INM rather than farmer’s practice These three main components 

of INMS as defined by FAO, 1998 are:  

1. Maintain or enhance soil productivity through a balanced use of fertilizers combined with organic and biological sources of 

plant nutrients  

2. Improve the stock of plant nutrients in the soils  

3. Improve the efficiency of plant nutrients, thus, limiting losses to the environment. 

Components of INM 

1. Soil Source: Mobilizing unavailable nutrients and to use appropriate crop varieties, cultural practices and cropping system. 

2. Mineral Fertilizer: The N: P2O5:K2O use ratio is quite wide whereas, application of K, S and micronutrients is often ignored. 

Domestic fertilizer production is inadequate to meet the requirement and the situation is not likely to improve in the near 

future. Utilization of fertilizers nutrient by the crops vary from 30-50% in case of nitrogen, 15-20% in case of P, 50-70% in case 

of K and less than 5% in case of micronutrients. 

3. Organic Sources: Organic manures like urban compost, FYM, compost, crop residue, human excreta, city refuse, sewage-

sludge and pressmud have large nutrient potential. Compost and FYM have traditionally been the important manures for 

maintaining soil fertlility and ensuring yield stability. Other potential organic sources of nutrients such as non-edible oilcakes 

and wastes from food processing industries are also there. Moreover, there are several industrial by-products and municipal 

wastes with fair nutrient potential. However, these nutrient-carriers have not been properly evaluated to establish their 

fertilizer equivalents. There is need to integrate these sources depending on their availability in different crops and cropping 

system. These nutrients are bulky in nature with low nutrient content and short in supply; hence, lost their relative importance 

over time in crop production. 

4.Biological Sources: Biofertilizers are the material containing living or latent cells of agriculturally beneficial microorganisms 

that play an important role in improving soil fertility and crop productivity due to their capability to fix atmospheric N, 

solubilise/mobilize P and decomposes farm waste resulting in release plant nutrients. The extent of benefit from these 
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microorganisms depends on their number and efficiency which, however, is governed by large number of soil and 

environmental factors. Bacterial cultures like, Rhizobium, Azospirillium and Azotobacter have the ability to fix atmospheric N 

which in turn increase N supply to crops. Bacterial cultures of Pseudomonas and Bacillus species help to convert insoluble P 

into plant usable forms and thus improve Phosphate availability to the crops. 

 

Advantages of INM 

1. Enhances the availability soil nutrients 

2. Supply the nutrient as per the need to the crop at different phonological stages of crop. 

3. Provides balanced nutrition to crops and minimizes the antagonistic effects resulting from hidden deficiencies and nutrient 

imbalance. 

4. Improves and sustains the physical, chemical and biological functioning of soil. 

5. Minimizes the deterioration of soil, water and ecosystem by promoting carbon sequestration, reducing nutrient losses to 

ground and surface water bodies and to atmosphere 

Conclusion 

Fertilisers have played a vital role in increasing crop productivity. However, environmental issues have been linked with 

indiscriminate use of fertilisers. Combined use of organic nutrient sources and fertilisers following the concepts of INM 

guarantees optimal use of fertilisers to achieve high crop production levels but with minimal adverse effects on the 

environment. 
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Agricultural crop production cannot be assumed without the application of pesticides. India is the largest producer of 

pesticides and also one of the most intensive pesticide users in crop production in the world. Pesticides have become an integral 

part of present-day farming, and play a major role in increasing agricultural productivity. However, the frequent used of these 

pesticide makes it more prone to be affected by them. Pesticides are substances which, on entering the body by any means 

through ingestion, inhalation, and absorption or via intact skin, produce harmful effects. The effect may be in the any may be 

in the form of damage to the tissues or as a disturbance in the functioning of the blood. Indian farmers usually do not wear any 

protective gear while spraying chemicals in fields this exposes them to harmful toxics chemicals of pesticides, causing severe 

health hazards and even death in extreme cases. Indian scientists have now developed a protective gel to address this problem. 

The gel can be applied on skin which further break down toxic chemicals of pesticides, insecticides and fungicides including 

the most hazardous and widely used organo phosphorous compounds. The gel does not act like a physical barrier, but it acts 

like a catalyst to deactivate organophosphate an oxime which hydrolyses multiple organophosphate molecules, one after 

another and it takes place at a temperature ranging from 20 to 40 degrees, and even after long exposure to ultraviolet light. The 

research suggests that a thin layer of poly-Oxime gel can hydrolyze organophosphates on the skin therefore; it can prevent 

AChE inhibition quantitatively in blood and subsequently in all internal organs such as brain, lung, liver, and heart. It has also 

been found that the catalytic gel can work against a range of commonly used commercial pesticides, insecticides, and 

fungicides. The gel deactivates these chemicals, preventing them from getting absorbed deep into the skin and further affecting 

organs like brain and lungs. In a series of experiments conducted on rats this test has shown positive results and researchers 

believe to conduct the same test on humans also. The harmful chemical of pesticide interferes with a neuro muscular enzyme 

called acetylcholinesterase (AChE) which is an active component of nervous system and is critical for various neuromuscular 

functions. When the functioning of this enzyme is disrupted by the chemical of pesticides which enters the body through 

pesticide application by the farmer, ultimately cause neurotoxicity, cognitive dysfunction and even death in severe cases. 

During the experiment when the gel was applied on rats and they were exposed to a lethal dose of pesticide MPT, it did not 

lead to any change in their AChE level, showing it could prevent penetration of the pesticide into the human skin also. The gel, 

named poly-Oxime, has been prepared by researchers at the Institute for Stem Cell Science and Regenerative Medicine, 

Bangalore from a nucleophilic polymer. In lab studies, rats treated with poly-Oxime gel survived pesticide treatment, whereas 

rats with no gel or sham gel showed symptoms of poisoning or death. It’s a small initiative towards the safety and wellbeing 

of the agricultural community.  

A large number of farmers die in large numbers due to the harmful effects of the chemicals used in the agricultural production 

if this sort of product is launched and promoted by the government on mass basis with nominal charges then it will be a boon 

to the agricultural community. 
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When you think of waste, think of wealth. Yes, waste can be productively used to generate wealth in form of energy while 

addressing the issues of Agriculture. Various components of waste have an economic value and can be recovered, reused or 

recycled cost effectively. Biodegradable waste has a good potential for generating biogas, which can serve as fuel, can also be 

converted to energy as well as to compost which can improve soil health and lead to increased agriculture production. This 

wet waste must therefore be processed either through bio-methanation or composting technology for generating biogas, 

electricity or compost for use as nutrient and prevent such wastes reaching the landfill.  

 Agricultural wastes are defined as the residues from the growing and processing of raw agricultural products such as fruits, 

vegetables, meat, poultry, dairy products, and crops. They are the non-product outputs of production and processing of 

agricultural products that may contain material that can benefit man but whose economic values are less than the cost of 

collection, transportation, and processing for beneficial use. Their composition will depend on the system and type of 

agricultural activities and they can be in the form of liquids, slurries, or solids. Agricultural waste otherwise called agro-waste 

is comprised of animal waste (manure, animal carcasses), food processing waste (only 20% of maize is canned and 80% is 

waste), crop waste (corn stalks, sugarcane bagasse, drops and culls from fruits and vegetables, prunings) and hazardous and 

toxic agricultural waste (pesticides, insecticides and herbicides, etc). Estimates of agricultural waste arising are rare, but they 

are generally thought of as contributing a significant proportion of the total waste matter in the developed world. Expanding 

agricultural production has naturally resulted in increased quantities of livestock waste, agricultural crop residues and agro-

industrial by-products. There is likely to be a significant increase in agricultural wastes globally if developing countries 

continue to intensify farming systems. It is estimated that about 998 million tons of agricultural waste is produced yearly. 

Organic wastes can amount up to 80 percent of the total solid wastes generated in any farm of which manure production can 

amount up to 5.27 kg/day/1000 kg live weight, on a wet weight basis. 

Agricultural waste comes in diverse forms. They can be liquid, slurry or solid, they can be soluble or insoluble, combustible or 

incombustible, toxic or nontoxic. With this understanding of the nature of waste will you know where to dispose or probably 

make use of them. Below is a list of where agricultural waste can be used on the farm: 

1. Convert waste to animal feed: Many or most agricultural waster have economic importance to the farmers. Waste generated 

from threshing, dehiscing and the milling process can be used directly on the farm for the feeding of various animals. Rice and 

wheat bran can be served directly to some animals such as goat, cattle, grass cutter even pigs. While corn bran, groundnut cake, 

sesame cake can be blended with other ingredients and served to poultry birds as feeds. Dead birds can be served to catfish as 

a good source of food. The amount of commercially produced food waste, on both the large and small scale, needs to be 

reduced. With nearly fifty percent of this waste being derived from fruit and vegetable origins recycling this waste into animal 

feed would drastically reduce the overall amount of waste produced These are just little among the numerous waste you can 

use as feed for your animals instead of disposing them off indiscriminately which could lead to environmental pollution and 

hazard. This method of food residual recycling will be economically beneficial for the food animal industry. t due to 

skyrocketing prices of fertilizer and animal feed, there is an “increasing demand for recycled food. Recycled feed in India tends 

to be about fifty percent cheaper than standard animal feed, so this demand is extremely understandable.  

2. Convert waste to fuel: in recent years the development of biotechnology has led to the discovery of bio fuel and bio gas. The 

generation of bio-gas from your food and animal waste will help you reduce or cut down the cost of purchasing cooking gas 

for the farm. Also, the bio-gas generated can be used as fuel for your power generation plants. The good news here is that the 

technology behind the generation of bio gas for household use is very cheap and readily available online. To learn more about 

how to build a mini bio gas plant for household use, you can go to YouTube and watch videos on how it’s done. 
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3. Use waste for the production of other products: products such as briquette, soap etc. can be made from agricultural waste. 

With little research you will discover that there are many things that can be made of the waste you’ve been disposing. 

4. Convert waste to organic manure: there have been arguments over the years that organic manure is a better option than the 

inorganic manure for optimum crop production. Whether the argument is right or wrong the fact is that the use of organic 

manure will boost crop production and as well as lower the cost involvement. The use of organic manure is good but the 

application of raw animal waste on farm land could lead land pollution. Secondly, some animal wastes are acidic in nature and 

can lead to the death of your crops. So, the best advice is to let waste decompose first. By decomposing, I mean to allow bacterial 

act on the manure in order to break it down before application on the farm. Decomposition helps to breakdown the acidic 

content of the waste and makes it less harmful to the soil and the plants which it is meant to nourish. 

5. Convert waste to cash: most agricultural waste can be sold out to people for other purposes. There are vegetable farms who 

will gladly buy your poultry waste so as to use it as manure on their farms. Agricultural waste such as rice bran, corn husk can 

be used for as feed or as fuel in factories. All you need to do is to search for buyers and strike a deal with them so that every 

time you have this waste they can come and get them from your farm at a cost. 

6. Wastes from post-harvest food grain Activities: While tropical climate is favorable for growing crops, it also supports the 

generation and development of insects and weeds. This situation creates a high demand for pesticides in order to kill insects 

and protect against the spread of epidemic diseases; this need often lead to the abuse of pesticides by farmers. After using 

pesticides, most of the bottles and packages holding these pesticides are thrown into fields or ponds. According to an estimate 

made by the Plant Protection Department (PPD), about 1.8% of the chemicals remain in their packaging. These wastes have the 

potential to cause unpredictable environmental consequences such as food poisoning, unsafe food hygiene and contaminated 

farmland due to their potentially lasting and toxic chemicals. In addition to this, existing stagnant or unused pesticides and 

pesticide packages with residue from the original contents poses serious environmental consequence in that they could be 

stored or buried in the wrong way which may leak or enter the environment through osmosis and thereby affecting the 

environment. In agricultural production for example, fertilizers play an important role in maintaining the productivity and 

quality of plants. Inorganic fertilizer is inexpensive and characterized by high productivity. However, many farmers apply 

more fertilizer to their crops than the amount needed by the plants. The serious consequence of such an excessive application 

of fertilizer is that it is used to the point of abuse in order to increase the annual agricultural output. The rate of absorption of 

such fertilizer compounds (nitrogen, phosphorus, and potassium) varies depending on the land characteristics, plant types, 

and method of fertilization .Among the fertilizer excess, a portion is retained in the soil, a portion enters ponds, lakes and/or 

rivers as a result of either surface runoff or the irrigation system adopted, which results in the pollution of surface water; a 

portion enters the ground water, and a portion evaporates or becomes de-nitrated, causing air pollution. 

7. Post-Harvest waste of Fruits and Vegetables reduce can convert into wealth: India is the second largest producer of 

vegetables and fruits in the world. Though we are producing adequate quantities of fruits and vegetables, yet on account of 

losses in the field as well as in storage, they become inadequate. Generally, about 30 % fruits and vegetables are rendered unfit 

for consumption due to spoilage after harvesting. India annually produces fruits and vegetables of the value of about Rs. 7000 

crores and wastage may be of the order of Rs. 2100 crores. This is a huge loss of valuable food even when the mini- mum food 

requirement of the population is not met. Therefore, it is important not only to grow more, but also to save what is grown at 

high cost. The magnitude of post-harvest loss in fruits and vegetables can be minimized by proper cultural operations, 

harvesting, transportation, storage and pre- and post-harvest treatments. 
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Herbicide residues in soil can be determined by, Biological (Bioassay) and Chemical (GLC, HPLC) method. 

Biological (Bioassay) 

Bioassays are experiments that use living things to test the toxicity of chemicals. Bioassays are used to conduct a wide range of 

experiments relating to toxicity of herbicide in soil. In spite of rapid developments in analytical methods, bioassay remains a 

major tool for qualitative and quantitative determination of herbicides in soil. 

Plant Bioassay Field Bioassay 

It involves collecting and sending suspect soil samples to a 

commercial laboratory where a simple, accurate method is 

used to determine the residues. 

It is a measurement of biological response of living 

organism to determine the presence and concentration of 

chemical in the soil. It is a major tool for qualitative and 

quantitative determination of herbicide residues 

  
 

Chemical (GLC, HPLC) method:  

Gas liquid chromatography and High-performance liquid 

chromatography are extensively used for residue estimation 

by laboratory. It requires the representative soil samples to 

a laboratory for the detection of residual herbicide in soil. 

 

 
 

Bioassay (Pot Test) 

The simple pot test does not give an exact measure of the amount of herbicide residue present, but does indicate whether there 

is enough herbicide to damage sensitive crops. The test will take at least 3-4 weeks to perform. 
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The pot test was developed by the late Professor Buchholtz for testing of atrazine residues; however, it can be used for most 

herbicides. 

The Following Procedure Outlined here was Developed for Atrazine a Widely used Herbicide 

Step 1: Obtaining a representative soil sample: Collect a representative sample of soil (About 4 kgs from top 10 cm depth) 

from the areas of the field suspected of having herbicide residue. Assays should be carried out on moist soil samples within 

two days after obtained from the field. Samples that cannot be assayed immediately should be stored in a freezer. The amount 

of herbicide residue may decrease due to biological and non-biological breakdown if samples are stored under warm 

conditions.  

Step 2: Preparing Soils for the Bioassay: Wet soil should be spread thoroughly and allowed to partially dry to a workable 

condition. If the soil is cloddy, crush so the clods are no larger than wheat seed. It is necessary to prepare an herbicide-free soil. 

Collect soil from where no herbicide is applied.  

Step 3: Planting and Growing Bioassay Species: Fill the soil into pots and sow the indicator plant seeds. 

Table 1: Some Recommended Bioassay Species for Residual Herbicides and the Expected Injury Symptoms 

 

Table 2: Bioassay vs. Chemical Method (GLC, HPLC) of Residue Estimation 

 

Sl. No. Bioassay Chemical method 

I It involves growing sensitive plants in containing 

trace level of herbicide.  

It involves complex chemical procedures and requires 

trained manpower for chemical analysis.  

Ii Residue estimation is not as accurate as in chemical 

method.  

Very accurate estimate of herbicide residues in soil up 

to nano-gramme level  

iii The safe limit of residue of a herbicide to certain 

plants could be detected.  

The safe limit of residue of a herbicide to certain plants 

could hardly be detected since there is no indicator 

plant/crop involved.  

Herbicide Families or Mode of Action Recommended Test Species Expected Symptoms 

Acetanalides and similar (s-metolachlor, 

dimethenamid-p) 

Oat, ryegrass Stunting, malformed leaves 

PPO inhibitors (oxadiazon, oxyfluorfen, 

flumioxazin, sulfentrazone, others) 

ryegrass, tomato Stunted shoot growth, roots less 

affected. Foliage necrotic where 

contacted by herbicide treated soil 

Sulfonylureas and imidazolinones 

(metsulfuron, sulfosulfuron, imazapyr) 

Tomato, cucumber, spinach Stunting and general yellowing of 

the new growth 

Triazines (atrazine, simazine, others) Oats Stunting, yellow leaves 

Cucumber, tomato Stunting, interveinal yellowing of 

new leaves (starting with about the 

third true leaf) 

Synthetic auxins (Banvel, MCPP, 2,4-D, Others) Cucumber, tomato Malformed, twisted shoot growth 

(epinasty) 
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iv The sensitivity of crops to the level of herbicide 

residues in soil is reflected through variable growth 

inhibition levels.  

It does not reflect on the sensitivity of crops to the 

amount of herbicide residues in soil.  

v Toxic metabolites of the herbicides if present in soil 

are likely to be detected based on the response 

sensitivity of the indicator plant.  

Toxic metabolites of the herbicides may be escaped 

from detection by chemical method.  

vi Soil collection procedure and faulty primary standard 

with known concentrations of herbicide may 

influence the accuracy of results. 

Soil collection procedure and herbicide extraction 

methods may influence the accuracy of results. 

viii It is less costly  It is costlier since costly and sophisticated equipment 

are required.  

ix Bioassay could be of two types: laboratory/pot 

culture as well as field bioassay  

Chemical method is exclusively laboratory based.  
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Global climate change has already had observable effects on the environment. Glaciers have shrunk, ice on rivers and lakes is 

breaking up earlier, plant and animal ranges have shifted and trees are flowering sooner. Effects that scientists had predicted 

in the past would result from global climate change are now occurring: loss of sea ice, accelerated sea level rise and longer, 

more intense heat waves.  

Scientists have high confidence that global temperatures will continue to rise for decades to come, largely due to greenhouse 

gases produced by human activities. The Intergovernmental Panel on Climate Change (IPCC), which includes more than 1,300 

scientists from the United States and other countries, forecasts a temperature rise of 2.5 to 10 degrees Fahrenheit over the next 

century.  

According to the IPCC, the extent of climate change effects on individual regions will vary over time and with the ability of 

different societal and environmental systems to mitigate or adapt to change. The IPCC predicts that increases in global mean 

temperature of less than 1.8 to 5.4 degrees Fahrenheit (1 to 3 degrees Celsius) above 1990 levels will produce beneficial impacts 

in some regions and harmful ones in others. Net annual costs will increase over time as global temperatures increase. "Taken 

as a whole," the IPCC states, "the range of published evidence indicates that the net damage costs of climate change are likely 

to be significant and to increase over time." 

Future Effects 

Some of the long-term effects of global climate change in the World are as follows, according to the Third and Fourth National 

Climate Assessment Reports: 

1. Change Will Continue Through This Century and Beyond: Global climate is projected to continue to change over this 

century and beyond. The magnitude of climate change beyond the next few decades depends primarily on the amount of heat-

trapping gases emitted globally, and how sensitive the Earth’s climate is to those emissions.  

2. Temperatures Will Continue to Rise: Because human-induced warming is superimposed on a naturally varying climate, 

the temperature rise has not been, and will not be, uniform or smooth across the world or over time. 

3. Frost-free Season (and Growing Season) will lengthen: The length of the frost-free season (and the corresponding growing 

season) has been increasing nationally since the 1980s, with the largest increases occurring in the world, affecting ecosystems 

and agriculture. All over the world, the growing season is projected to continue to lengthen. In a future in which heat-trapping 

gas emissions continue to grow, increases of a month or more in the lengths of the frost-free and growing seasons are projected 

across most of world by the end of the century, with slightly smaller increases in the northern Great Plains. The largest increases 

in the frost-free season (more than eight weeks) are projected for the world, particularly in high elevation and coastal areas. 

The increases will be considerably smaller if heat-trapping gas emissions are reduced. 

4. Changes in Precipitation Patterns: Average precipitation of India has increased since 1900, but some areas have had 

increases greater than the national average, and some areas have had decreases. More winter and spring precipitation is 

projected for the Indian States. Projections of future climate over India suggest that the recent trend towards increased heavy 

precipitation events will continue. This trend is projected to occur even in regions where total precipitation is expected to 

decrease, such as the Southwest. 

5. More Droughts and Heat Waves: Droughts in the Southwest and heat waves (periods of abnormally hot weather lasting 

days to weeks) everywhere are projected to become more intense, and cold waves less intense everywhere. Summer 
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temperatures are projected to continue rising, and a reduction of soil moisture, which exacerbates heat waves, is projected for 

much of the western and central U.S. in summer. By the end of this century, what have been once-in-20-year extreme heat days 

(one-day events) are projected to occur every two or three years over most of the nation. 

6. Hurricanes Will Become Stronger and More Intense: The intensity, frequency and duration of North Atlantic hurricanes, 

as well as the frequency of the strongest (Category 4 and 5) hurricanes, have all increased since the early 1980s. The relative 

contributions of human and natural causes to these increases are still uncertain. Hurricane-associated storm intensity and 

rainfall rates are projected to increase as the climate continues to warm. 

7. Sea Level Will Rise 1-4 feet by 2100: Global sea level has risen by about 8 inches since reliable record keeping began in 1880. 

It is projected to rise another 1 to 4 feet by 2100. This is the result of added water from melting land ice and the expansion of 

seawater as it warms. 

In the next several decades, storm surges and high tides could combine with sea level rise and land subsidence to further 

increase flooding in many regions. Sea level rise will continue past 2100 because the oceans take a very long time to respond to 

warmer conditions at the Earth’s surface. Ocean waters will therefore continue to warm and sea level will continue to rise for 

many centuries at rates equal to or higher than those of the current century. 

8. Arctic Likely to Become Ice-Free: The Arctic Ocean is expected to become essentially ice free in summer before mid-century. 

9. Effects of global warming on South Asia: The effects of global warming on South Asia include steady sea level rise, 

increased cyclonic activity, and changes in ambient temperature and precipitation patterns. Increased landslides and flooding 

are projected to have an impact upon states such as Assam. Ongoing sea level rises have already submerged several low-lying 

islands in the Sundarbans, displacing thousands of people. The first among the countries to be affected by severe climate change 

is Bangladesh. Its sea level, temperature and evaporation are increasing, and the changes in precipitation and cross boundary 

river flows are already beginning to cause drainage congestion. There is a reduction in fresh water availability, disturbance of 

morphological processes and a higher intensity of flooding. Regarding local temperature rises, the IPCC figure projected for 

the mean annual increase in temperature by the end of the century in South Asia is 3.3 °C with the min-max range as 2.7 – 4.7 

°C. The mean value for Tibet would be higher with mean increase of 3.8 °C and min-max figures of 2.6 and 6.1 °C respectively 

which implies harsher warming conditions for the Himalayan watersheds. India's GDP could decline by up to 9%, due to 

shifting growing seasons for major crops such as rice, production of which could fall by 40%. Around seven million people are 

projected to be displaced due to, among other factors, submersion of parts of Mumbai and Chennai, if global temperatures 

were to rise by a mere 2 °C (3.6 °F) 

Potential Solutions 

There are many concrete steps which can be taken to address the threat of climate change. Incentives can be provided for 

electric vehicles or public transport and this curb the impact of the transportation sector. However, though these suggestions 

have been made, there is no political will to carry them out. Households can be given electricity and slowly phasing out LPG 

(the current trend is to increase the usage of the latter). Rainwater can be harvested and the rivers could be restored to their 

original flow so that they can bring back the wetlands and the natural ways of silt, nutrient and wildlife flow. All of these use 

technologies and can be implemented by the 11-year period the IPCC has stipulated before which any change must be made if 

we are to evade the adverse effects of climate change. So far, though the initiatives by the Delhi Metro to switch to solar power- 

or similar efforts by the Kochi airport-are a step in the right direction, such moves are few and far between. These models 

should be taken up by other agents as well. The latest accord, the 2015 Paris Agreement, takes a different approach. The 197 

signatory countries have promised to limit global temperature increase to just 1.5° C over pre-industrialization levels, but each 

country has set its own targets. India, for instance, has promised to cut its emissions intensity (emissions per unit of GDP) by 

33-35% by 2030 compared to 2005 levels. 
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Somatic Embryogenesis 

Somatic embryogenesis is an artificial process where a plant or embryo is derived from any single somatic cell or from a group 

of somatic cells. Embryos formed utilizing this technique is called as the embryoids. Somatic embryos are bipolar, allowing 

them to form a whole plant without culturing them on multiple media types. 

Brief Historical Background 

F. C. Steward et al. reported the somatic embryogenesis in carrot from freely suspended cells in 1958 and emphasized the 

importance of coconut milk for in-vitro somatic embryogenesis. J Reinert (1958-1959) reported his first observation for in-vitro 

somatic embryogenesis in the callus culture of Daucus carota. 

Types of Somatic Embryogenesis 

1. Direct embryogenesis: In this, cells of the explant undergo direct embryogenesis from the pre-embryonic determine cells 

without the presence of callus proliferation. 

Primary Explant Somatic Embryo 

2. Indirect embryogenesis: Here the cells of explant first undergo proliferation of callus and the development of embryoids 

take place within the callus tissue from the induced embryogenic cells. 

Primary explant Callus Somatic Embryo 

Stages of Somatic Embryogenesis 

1. Induction: In the induction phase, the cell attains the capacity for embryogenesis and SE differentiation may progress up to 

the globular stage. An auxin, particularly 2,4-D, is generally necessary to induce embryogenesis. 

2. Development: Development of SE beyond the globular stage constitute the development phase. This may occur on induction 

media itself, but the auxin must be removed for embryo development. In the development of embryoid, each developing 

embryoid passes through these sequential stages i.e. Globular, Heart shape and Torpedo which are similar to those of zygotic 

embryogenesis. 

 

 

 

 

 

 

Fig1. Shapes of somatic embryos in Dicots. 
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3. Maturation: In the maturation phase, SEs do not grow in size, but they become hardy. This is promoted by ABA or a high 

sucrose concentration. Finally, SEs germinate to produce seedlings; this is usually promoted by GA. 

Factors affecting Somatic Embryogenesis 

1. Plant Growth Regulator: 

a. Auxin: 2,4-D has been the best synthetic auxin used for inducing SEs. Continuous supply of auxin causes embryonic 

cells to divide without the appearance of auxin and induces endogenous production of ethylene which suppresses 

embryo development. So, in order to achieve further embryonic development, the embryogenic cell must be transferred 

to auxin free media after treatment with auxin.  

b. Cytokinins: It produces a globular embryo from an initial embryo. Zeatin is promotive when applied to embryonic 

cells after 3-4 days transfer from the proliferation media whereas BAP and kinetin have an inhibitory effect on 

embryogenesis. 

c. ABA: It promotes embryo maturation and prevents precocious germination and secondary embryogenesis. 

d. Gibberellins: It has no positive effect. In carrot and citrus Gibberellins inhibit somatic embryogenesis. 

2. Reduced Nitrogen: Substantial amount of reduced nitrogen is required for embryogenesis. In carrot culture, the addition of 

reduced nitrogen (ammonium chloride) produced more number of embryoids. 

3. Oxygen concentration: The amount of dissolved oxygen in the medium should be below the critical level of 1.5mg/lit to 

allow embryo development. 

4. Other Factors: Charcoal facilitated embryogenesis in several cultures. High Potassium in the media is necessary for 

embryogenesis. 

Factors Affecting Somatic Embryogenesis 

1. Lack of material is not a limiting factor for experimentation in this technique. 

2. It has a high propagation rate. 

3. It is the source of somaclonal variation which has broaden the genetic variations in crops. 

4. We can employ this technique for germplasm conservation. 

5. It is a labor-saving approach. 

Table 1: Difference Between Somatic and Zygotic Embryos 

Sl. No. Somatic Embryos Zygotic embryos 

1. These are formed by sporophytic cells These are formed by the fusion of gametic cells. 

2. SEs store less amount of embryo-specific 

reserves 

Seed storage proteins, carbohydrates are the characteristic 

features. 

3. A distinct suspensor is absent and even if 

there is presence, it may not be functional like 

the seed embryos. 

A well-developed distinct suspensor is present. 

4. Embryos do not have any vascular 

connection with the cultured explants. 

Embryos have a vascular connection with the cultured 

explants. 

5. The rate of propagation is higher. Comparatively lower rate of propagation that SEs. 

 

Disadvantages 

1. It is confined to a few species. 

2. Somatic embryo shows very poor germination because of their biochemical as well as physiological immaturity. 
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3. Instability of cultured cells in long term culture is a major limitation in commercial exploitation and mass propagation of 

somatic embryo. 

Conclusion 

Somatic embryogenesis is a model system for the conventional plant breeding, mass propagation and the rapid genetic 

improvement of the commercially important crops. Despite several disadvantages, this technique has such advantages that are 

quite helpful in order to achieve success in crop improvement. 
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Introduction 

Agriculture is situated at the interface between eco-systems and society. As such agriculture is affected by the changes in the 

global environmental conditions, notably agriculture accounts for about 60% of N2O and about 50% of CH4 (Sharma and 

Sharma, 2018) in the global. There is a growing concern about the potential effects of climate change on agriculture production 

in different regions of the world including India. 

Climate change is expected to affect agriculture very differently in different parts of the world. The resulting effects are 

depending on current climatic and soil conditions, the direction of change and the available resources and infrastructure to 

cope with change. In the decades to come, India's agricultural sector is expected to be significantly impacted by the concurrent 

processes of climate change and globalization. Climate change could lead to sea level rise, increased weather variability, more 

drought and the spread of infectious diseases. At the same time, market changes brought about by globalization may affect the 

price farmers receive for their products. 

Climate Changes and its Impact 

Climate change is likely to have a significant impact on the global environment. In general, the faster the climate changes, the 

greater will be the risk of damage. Mean sea level is expected to rise 15-95 cm by the year 2100, causing flooding of low-lying 

areas and other damage. Climatic zones could shift towards the poles by 150-550 km in the mid-latitude regions. Forests, 

deserts, rangelands and other unmanaged ecosystems would face new climatic stresses. As a result, many will decline or 

fragment and individual species will become extinct.  

Human society will face new risk and pressures. Food security is unlikely to be threatened at the global level, but some regions 

are likely to experience food shortages and hunger. Water resources will be affected as precipitation and evaporation patterns 

change around the world. Physical infrastructure will be damaged, particularly by sea-level rise and by extreme weather 

events. Economic activities, human settlements and human health will experience many direct and indirect effects. The poor 

and disadvantaged are the most vulnerable to the negative consequences of climate change. 

Greenhouse Gases 

Global Warming Potential (GWP) is an index defined as the cumulative radioactive forcing between the present and some 

chosen time horizon caused by a unit mass of gas emitted now, expressed relative to a reference gas such as CO2, as is used 

here. GWP is an attempt to provide a simple measure of the relative radioactive effects of different greenhouse gases. The 

future global warming commitment of a greenhouse gas can be calculated over a chosen time horizon (such as 100 years) by 

multiplying the appropriate GWP by the amount of gas emitted. The choice of time horizon will depend on policy 

considerations. 

1. Carbon di-oxide: The primary source of carbon dioxide builds up is combustion of fossil fuel, gasoline, natural gas, coal, 

peat firewood and indiscriminate clearing the forests and extensive cultivation of land in crop production which result in 

irreversible oxidation of soil organic matter. The level of CO2 in the earth’s atmosphere has been recorded daily for several 

years at the Mauna Loa observatory at Hawaii, and by scientists from National Oceanic and Atmospheric Administration, USA. 

The Greenhouse Gas Bulletin, the UN weather agency’s annual flagship report, tracks the content of dangerous gases in the 

atmosphere since 1750. This year’s report, which covers data for 2017, puts the concentration of CO2 in the atmosphere at 405.5 
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parts per million (ppm). That is up from 403.3 ppm in 2016 and 400.1 ppm in 2015. “The last time the earth experienced a 

comparable concentration of CO2 was 3-5 million years ago, when the temperature was 2-30 C warmer (WMO, 2018). 

Contributions India's CO2 emission grew at around 5% compound annual growth rate (CAGR) between the years 1990 and 

2013. From the 1897 Mt of CO2 emission electricity generation, transport and iron & steel industry contributed 48%, 11.6% and 

7.9% respectively (Amit et. al., 2017)  

2. Chlorofluorocarbons: Chlorofluorocarbons (CFCs) were used widely around the world for refrigeration, air-conditioning 

and foam blowing (Montzka et. al., 1999). The concentrations of chlorofluorocarbons (CFCs) virtually negligible 50 years ago, 

as now posing a grave concern. CFCs are responsible for destruction of the ozone layer, a protective shield that surrounds the 

earth at an altitude of 10-30 km. During the past two decades, ozone layer has been depleted 2 to 3 per cent at the global level.  

India contribute for production of mean CFC-11, CFC-12 and CFC-113 emissions are 1.7 Gg yr−1, 4.1 Gg yr−1 and 0.5 Gg yr−1, 

respectively, corresponding to 2 (1 - 4) %, 13 (7 - 20) %, and 7 (2 - 11) % of global emissions in 2016 (Say et. al., 2019). The 

concentration of CFCs in the atmosphere is less than 1 ppm, but each molecule is 16,000 times more effective than carbon 

dioxide in absorbing heat and survives as long as 400 years. 

3. Methane: Methane contributes about 15 to 20 per cent towards greenhouse effect. Most methane is generated by bacteria 

breaking down organic matter in the absence of oxygen, e.g. the flooded rice fields, guts of cattle, garbage dumps, leakage in 

the process of mining, transport, and use of coal and natural gas, and burning of biomass. Swamps and rice fields are thought 

to contribute about 25-30 per cent to the world methane production. 

Almost 90 per cent of world’s paddy fields exist in Asia and about 60 per cent of these are found in India and China. The 

contribution of Indian cattle is around 10.63% (NIANP, 2017). Also, methane molecule it absorbs 20 to 30 times more heat than 

carbon dioxide. 

5. Other gases: Nitrous oxide is a greenhouse gas and is also responsible for the destruction of ozone layer. Sources of N2O 

include burning of forests, grassland and other biomass, natural soil and chemical fertilizers. N2O lasts up to 180 years, is 200 

times as heat absorbent as carbon di oxide and constitutes about 5 per cent of man-made emissions. 

Changes in Global Temperature 

Using the IS 92 emission scenarios, projected global mean temperature changes relative to 1990 were calculated up to 2100. 

Climate models calculate that the global mean surface temperature could rise by about 1 to 4.5o C by 2100. 

Average Surface Temperature 

Earth global temperature in 2018 was the fourth warmest since 1880, according to independent analysis by NASA and the 

National Oceanic and Atmospheric Administration (NOAA) Global temperatures in 2018 were 1.5 degrees Fahrenheit (0.83 

degrees Celsius) warmer than the 1951 to 1980 mean, according to scientists at NASA’s Goddard Institute for Space Studies 

(GISS) in New York. Globally, 2018’s temperatures rank behind those of 2016, 2017 and 2015. The past five years are, 

collectively, the warmest years in the modern record. 2018 is yet again an extremely warm year on top of a long-term global 

warming trend, said GISS Director Gavin Schmidt. Since the 1880’s, the average global surface temperature has risen about 2 

degrees Fahrenheit (1-degree Celsius).  

“The impacts of long-term global warming are already felt in coastal flooding, heat waves, intense precipitation and ecosystem 

change,” said Schmidt. The mean global surface temperature has increased by about 0.3 to 0.6°C since the late 19th century and 

by about 0.2 to 0.3°C over the last 40 years. Warming is evident in both sea surface and land-based surface air temperatures. 

Urbanization in general and desertification could have contributed only a small fraction of the overall global warming, 

although urbanization may have been an important influence in some regions. 

Changes in Sea Level 

Using the IS 92 emission scenarios, projected global mean sea level increases relative to 1990 were calculated up to 2100. Taking 

into account the ranges in the estimate of climate sensitivity and ice melt parameters, and the full set of IS 92 emission scenarios, 

the models project an increase in global mean sea level of between 13 and 94 cm. Since at least the start of the 20th century, the 
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average global sea level has been rising. Between 1900 and 2016, the sea level rise by 16–21 cm (6.3–8.3 inch). More precise data 

gathered from satellite radar measurements reveal an accelerating rise of 7.5 cm (3.0 inch) from 1993 to 2017, which is a trend 

of roughly 30 cm (12 inch) per century. This acceleration is due mostly to human-caused global warming, which is driving 

thermal expansion of seawater and the melting of land-based ice sheets and glaciers. Between 1993 and 2018, thermal expansion 

of the oceans contributed 42% to sea level rise, the melting of temperate glaciers, 21%; Greenland, 15%; and Antarctica, 8%. 

The sea level will not rise uniformly everywhere on Earth, and it will even drop in some locations. Local factors include tectonic 

effects and subsidence of the land, tides, currents and storms. Sea level rises can influence human populations considerably in 

coastal and island regions. Widespread coastal flooding is expected with several degrees of warming sustained for millennia. 

Further effects are higher storm-surges and more dangerous tsunamis, displacement of populations, loss and degradation of 

agricultural land and damage in cities. Natural environments like marine ecosystems are also affected, with fish, birds and 

plants losing parts of their habitat. 

 

CO2 use from Land use Change 

Emissions of carbon dioxide due to changes in land use mainly come from the cutting down of forests and instead using the 

land for agriculture or built-up areas, urbanization, roads etc. When large areas of rain forests are cut down, the land often 

turns into less productive grasslands with considerably less capacity of storing CO2. 

CO2 use from Industrial Processes 

This map depicts the unequal distribution of industry in the world. The significant part of carbon dioxide emissions comes 

from energy production, industrial processes and transport. The industrialized countries consequently must bear the main 

responsibility of reducing emissions of carbon dioxide. 

Precipitation Changes 

Precipitation has increased over land at high latitudes of the Northern Hemisphere, especially during the cold season. Decrease 

in precipitation occurred in steps after the 1960s over the subtropics and the tropics from Africa to Indonesia. These changes 

are consistent with available data analyses of changes in stream flow, lake levels and soil surface. Precipitation averaged over 

the Earth's land surface increased from the start of the century up to about 1960, but has decreased since about 1980. There is a 

lack of data on precipitation over the oceans. 
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Conclusion 

The greenhouse effect is a natural process where the atmosphere traps some of the sun's energy, warming the Earth enough to 

support life. Although the greenhouse effect is a nature cycle, humans have greatly increased the concentrations of greenhouse 

gases, thus causing a significant increase in the overall greenhouse effect. A number of gases are involved in the human caused 

enhancement of the greenhouse effect. These gases include: carbon dioxide (CO2); methane (CH4); nitrous oxide (N2O); CFC's 

and ozone (O3) Out of all these gases the most important is carbon dioxide which accounts for around 55% of the change in 

the intensity of the Earth's greenhouse effect. The consequence of the greenhouse effect is that there will rise in the sea levels 

around the world, there will be dramatic climate changes, and agriculture will suffer from the fluxes of the weather. However, 

it's not too late to cut back on greenhouse gas emissions, some effective ways to reduce emissions it to; use cleaner fuels, use 

energy efficient machines, develop alternative sources for energy and to plant more trees. 
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Abstract 

Plant breeding mainly relies on phenotypic selection and only for some, often monogenic traits such as disease resistance, 

employs genetic markers. This use of genetic markers for indirect selection of the traits is often termed as marker assisted 

selection (MAS). It has been a very promising tool for plant breeders, but it suffers from some limitations first, it needs prior 

information about the effect or function of individual marker, second, it cannot be used for accumulating small effect genomic 

loci in one individual or transferring the small effect genomic loci from one individual to another. To overcome these 

limitations, a new promising strategy termed as genomic selection or genome wide section has been introduced. This strategy 

allows the prediction of genetic values of untested lines based on genome wide marker data. This strategy has been widely 

used in different crop breeding programs and extensive literatures on this particular strategy is already available but that is 

difficult to understand for beginners, therefore we attempt to explain this genomic selection in a very simple language, making 

it more understandable for them. 

Introduction 

Conventional breeding approaches have been employed for improvement of different traits or to create new genotypes. These 

approaches depend on phenotypic selection. Phenotype is not only determined by genotype but also largely influenced by 

environment and its interaction with genotype, hence rely only on phenotype is not trustworthy. To overcome these limitations, 

marker assisted selection (MAS) was proposed, which relies on the use of genetic markers for indirect selection of the traits.  

MAS is considered a promising strategy for the transfer of oligo-genes as well as quantitative traits loci that have large effects. 

Many molecular marker systems such as Restriction Fragment Length Polymorphism (RFLP), Random Amplified 

Polymorphism DNA (RAPD), Amplified Fragment Length Polymorphism (AFLP), Simple Sequence Repeats (SSR), Single 

Nucleotide Polymorphism (SNP) etc. have been extensively used for MAS (Kumar et. al., 2020). Although it has many 

advantages over phenotypic selection, but still it suffers from various limitations such as (a) it needs prior information about 

the effect or function of individual marker, and (b) it cannot be used for accumulating small effect genomic loci in one 

individual or transferring the small effect genomic loci from one individual to another(Singh and Singh, 2015). To overcome 

these problems, a new method, popularly known as Genomic Selection or Genome Wide Selection was proposed (Hayes and 

Goddard, 2001). Here, we will be discussing genomic selection, steps involved and its advantages. 

Genomic Selection: A Promising Tool 

Genomic selection is considered as an advanced form of MAS. It does not need QTL mapping which is necessary for MAS. It 

can be used for targeting the genomic regions or QTLs having small effects. It may be used to capture the total genetic variance 

for the considered trait (s), for doing so, the effect of each marker in the whole marker set is estimated in GS regardless of the 

significance threshold, assuming that each and every marker is in linkage disequilibrium (LD) with the target genomic region 

or QTLs. GS requires mainly two populations, viz. training population and breeding population. Marker effects are estimated 

using individuals with both phenotypic and genotypic information (both genotypic and phenotypic information from training 

population). These estimated marker effects are combined with marker information of individuals (from test population) to 

give the genomic -estimated breeding values (GEBVs). The predictive ability of the model is calculated based on a cross 
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validation system using a test population (a part of breeding population can also be used as test population) and a training 

population to optimize the GS model. The prediction ability of the GS model is then calculated as the correlation between 

GEBVs and phenotypes of test population. Then selections are made among breeding population based on these GEBVs and 

genotypic information (from the breeding population) (Figure 1). Genomic selection can better exploit high density parallel 

genotyping technologies. It is assumed that high density of markers will be advantageous for training the GS model, as more 

will be the number of markers, more will be the genomic coverage (Hayes and Goddard, 2001; Jennink et. al., 2010). In addition 

to marker density, two major factors which affects the efficiency of this GS are (a) size of training population, (b) the relationship 

between individuals in the test and training populations data. Various models are employed in GS to estimate marker-effects 

for all genome wide markers. Frequently used GS models are:  

1. Least Square estimation (LS), 

2. Best Linear Unbiased Estimation (BLUP) e.g. GBLUP 

3. Bayesian LASSO or Bayesian Estimation methods such as BayesA, BayesB, BayesC, BAyesCpi and BayesR. 

4. Kernel Method e.g. Reproducing Kernel Hilbert Space etc. 

 

Figure 1: Schematic representation of steps involved in genomic selection. 

Advantages of Genomic Selection 

Genomic selection has many advantages over phenotypic selection and MAS. Some of the key advantages of GS are as follows: 

1. Marker effects estimated from training population are directly used for GS in population so there is no need to identify QTL 

via QTL mapping studies, 

2. Compared to phenotypic selection genetic gain is higher with GS (means gains per unit time is comparatively more than the 

phenotypic selection), 
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3. There are many traits which show very low heritability and largely influenced by genotype-environment interactions, 

improvement of these traits cannot be better achieved with phenotypic selection. But at the same time promising results can be 

obtained with GS, 

4. GS is considered as a best approach for inbreeders, 

5. In case of GS, phenotyping in every selection cycle is not required, hence breeding cycle and associated expenses are reduced. 

Because of shortened breeding cycle, GS can also be successfully used for perennial species,  

6. Genomic selection allows selection of promising parents for hybridization without evaluating them in multiple 

environments. 

Conclusion 

Genomic selection is a powerful tool for plant breeders which employs markers covering the whole genome to predict genomic 

estimated breeding values (GEBVs). Although promising results of GS have been obtained in many crops including major 

crops such as wheat (Saini et. al., 2020), still the optimal implementation of GS is an on-going debate. Here, we conclude that 

GS is currently a powerful and feasible option, where investments in genotyping may be recovered by making better selection 

decisions and by reducing expenses (for phenotyping) and reducing the candidate individuals that are kept in the breeding 

programs. 
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Introduction 

Phytochrome is well known as a pigment photoreceptor, through which plants detect light. It is highly responding to light of 

the red and far-red region of the visible spectrum. Many flowering plants use it to regulate their growth and developmental 

process. It is found in the leaves of most plants. Phytochrome comprises two identical chains; A and B. Each chain of 

Phytochrome has a PAS domain and GAF domain. The PAS domain acts as a signal sensor and the GAF domain is binding to 

cGMP and also senses light signals. These subunits combine to form the phytochrome region, which regulates physiological 

alternation in plants through changes in red and far red-light conditions. In plants, red light makes phytochrome to its 

biologically active form, while far red light changes the protein to its biologically inactive form. 

Characteristics of Phytochrome-mediated Responses: 

1. The action spectrum of the light at about 660 nm shows peak response. 

2. Application of far-red light (peak at 730 nm) soon after the red treatment can reverse the response. 

3. Alternation in absorbance pattern can potentially convert one structural form to another. 

Chemical Structure of Phytochrome 

 

 

 

 

 

 

Phytochrome is made up with a chromophore, a single bilin molecule having an open chain of four pyrrole rings, bonded to 

the protein moiety. This chromophore absorbs light, and due to which conformation of bilin changes and subsequently gets 

attached with protein, which changes it from one state or isoform to the other. 

The phytochrome chromophore is usually phytochromobilin. Bilins are generated from the closed tetrapyrrole ring of haem 

by an oxidative reaction catalysed by haem oxygenase to yield their characteristic open chain.  

The Pfr state passes on a signal to other biological systems in the cell, and responsible for gene expression and almost certainly 

a biochemical process. Phytochromes are synthesized in plastid and migrated to the cytosol. However, the Pr form is localized 

there and the Pfr form, when generated by light illumination, is translocated to the cell nucleus. It has been proposed that 

phytochrome, in the Pfr form, may act as a kinase, and it has been demonstrated that phytochrome in the Pfr form can interact 

directly with transcription factors. 
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Biosynthesis of Phytochrome 

 

The active phytochrome moves into the nucleus, joins to the dimer of the PIF3 thranscription factors bound to the G-box 

promoter of myb genes. The preinitiation complex binds to TATA box and myb genes are transcribed and translated. The myb 

protein region of light stimulates genes such as LHCB. 

Functions: 

1. The synthesis of chlorophyll and development of chloroplast. 

2. DNA and protein synthesis 

3. Responsible for the size, shape and number of leaves development. 

4. Flower development based on the length of day and night (photoperiodism) and to set circadian rhythms. 

5. Water uptake 

6. Seed germination, elongation of seedlings, and the straightening of the epicotyl or hypocotyl hook of dicot seedlings 

7. Pollen germination 

8. Nitrate reduction 

9. Peroxidase 

Conclusion 

Biochemically, phytochrome is a protein with a bilinchromophore. Almost all plants have phytochrome including all higher 

plants and very similar molecules have been found in several bacteria. A fragment of a bacterial phytochrome now has a solved 

three-dimensional protein structure. One mechanism underlying the phytochrome regulation of plant development is via the 

physical interaction of the photoreceptors to transcription factors such as PIF to regulate their activity, resulting in changes of 

gene expression and developmental path. 
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Mutagens 

Agents of artificial mutation are called mutagens.  A mutagen is a physical or chemical agent that alters the DNA composition 

of an organism and thus increases the frequency of mutations above the natural background level. 

Types of Mutagens: 

1. Mutagens can be divided into three major types such as physical, chemical or biological. 

2. Mutagens may act directly on the DNA, causing direct damage to the DNA, and more particularly causes replication error 

however, many of them may act on the replication mechanism and chromosomal partition. 

Physical Mutagens 

The physical mutagens have greater advantages over chemical mutagen, as it has degree of accuracy and sufficient 

reproducibility. The physical mutagens have ability to induce gross lesions, such as chromosomal abbreviation or 

rearrangements. Types of physical mutagens are discussed below: 

1. Ionizing radiations:  X-rays, gamma rays and alpha particles breaks DNA and also causes other damages. The most common 

sources include cobalt-60 and cesium-137. 

2.Ultraviolet radiations: UV radiation having wavelength above 260 nm is absorbed strongly by bases, producing pyrimidine 

dimers, which can cause error in replication if left uncorrected. 

3. Radioactive decay: Radioactive decay includes 14C in DNA which decays into nitrogen. 

Chemical Mutagens 

A several number of chemicals may interact directly with DNA. However, PAHs, aromatic amines, benzene are not necessarily 

mutagenic by themselves, but through metabolic processes in cells they produce mutagenic compounds. 

1. Reactive oxygen species (ROS): These may be superoxide, hydroxyl radicals and hydrogen peroxide, by-products of 

mitochondrial electron transport, or lipid peroxidation. A several numbers of mutagens have capacity to generate these ROS. 

These ROS may result in the production of many base adducts, as well as DNA strand breaks and crosslinks. 

2. Deaminating agents: Deaminating agents are likes nitrous acid which can cause transition mutations by converting cytosine 

to uracil. 

3. Polycyclic aromatic hydrocarbon (PAH): PAH in its activated form diol-epoxides can bind to DNA and form adducts. 

4. Alkylating agents: They are like ethylnitrosourea, these compounds transfer methyl or ethyl group to bases or the backbone 

phosphate groups. Guanine when alkylated may be mispaired with thymine. Some may cause DNA crosslinking and 

breakages. 

5. Nitrosamines: Nitrosamines are found in tobacco, are also an important group of mutagens, and may also be formed in 

smoked meats and fish via the interaction of amines in food with nitrites added as preservatives. Other alkylating agents 

include mustard gas and vinyl chloride. 
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6. Aromatic amines and amides: These have been related with carcinogenesis.  2-Acetylaminofluorene, originally used as a 

pesticide but may also be found in cooked meat, may cause cancer of the bladder, liver, ear, intestine, thyroid and breast. 

7. Alkaloid from plants: These are likes Vinca species may be converted by metabolic processes into the active mutagen or 

carcinogen. 

8. Bromine and some compounds: These contain bromine in their chemical structure. 

9. Sodium azide, an azide salt: These are common reagents in organic synthesis and a component in many car air bag systems 

10. Psoralen: Psoralen in combination with ultraviolet radiation causes DNA cross-linking and hence chromosome breakage. 

11. Benzene: Benzene can also act as mutagen which is generally use as an industrial solvent and precursor in the production 

of drugs, plastics, synthetic rubber and dyes. 

Method of Mutation Breeding 

A mutation is a sudden heritable change in the DNA in a living cell, not caused by genetic segregation or genetic recombination 

and the process through which mutation occurs is known as mutagenesis. Mutagens are the agents through which mutation 

in plants occurs. The steps describing action of mutagen and production of new varieties in plants is represented below in fig.1: 

Fig.1. Method of mutation breeding 

Process of Selection of Desirable Mutant from Large Number of Population 

Selection of desirable mutant from large mutagenized population is very crucial for developing suitable variety having 

desirable phenotypic or genotypic characters and the steps involved in this process are described below in fig. 2: 
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Fig.2. Representation of overall screening methods for selecting desirable character from mutagenised population. 

Conclusion 

Induction of mutagen treatment in seeds and other parts of the plant remains a useful tool for isolating the desired variants 

and developing resistance to biotic and abiotic stresses in various crops, hence mutagens are considered as efficient tools for 

mutation breeding programs. 
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Introduction 

Genetically modified rice that contains β -carotene is widely known as Golden Rice (GR). Recently, in 2019, this golden rice 

(GR2E) variety got approved for direct use as food, feed and processing (FFP) in Philippines by the Department of Agriculture 

Bureau of Plant industry. It was firstly developed around 1999 by professors Ingo Potrykus and Peter Beyer to address Vitamin 

A deficiency (VAD). GR is one of the most famous bio-fortified products undertaken with modern biotechnology that has 

dramatic nutritional benefits. 

Golden rice is enriched with vitamin A. Prolong or severe Vitamin A deficiency can lead to child blindness, anemia, diarrhoea, 

measles and weakened host resistance etc. With the use of genetic engineering, scientists incorporated a complete functioning 

carotene biosynthetic pathway into the rice plant.  They did this by inserting genes from daffodil that produced functioning 

versions of the first and last enzymes of the pathway.  In addition, a single bacterial gene that provides the same function as 

the second and third enzymes of the pathway was also introduced. The golden rice produced through transgenic approach has 

the ability to produce the vitamin A whose precursor is β-carotene.  

The Carotenoid Pool 

Nearly a group of 600 structures of chemical compounds called carotenoids have been discovered in various organisms, but 

predominantly confined to plants. Several carotenoids (soluble in fats and organic solvents) occur simultaneously in organisms 

and are in a continuous state of metabolic flux. They are referred together as the carotenoid pool. The carotenoids, related to 

and derived from β -carotene, impart pale yellow to light reddish yellow colour to the parts in which they occur. In the earlier 

days, the techniques of chemical analysis were not sophisticated enough to precisely distinguish one carotenoid from the other, 

and quantify them, collectively called them all carotenoids. HPLC is now routinely used to isolate and quantify different 

carotenoid compounds. Most important carotenoids and their sources are listed below: 

Carotene Source 

a-carotene Leaves and roots of carrots, and the fruit of red palm oil plant 

b-carotene Plants and animals, abundant in brown sea weeds but exceptionally high 

concentrations in the daffodils. 

d-carotene Tomato fruits 

g-carotene Many flowers and fruits, but more abundant in the fungi. 

Lycopene Tomato fruit. 

b-cryptoxanthin Maize seeds, eggs, butter, and blood. 

Spirilloxanthine Photosynthetic bacteria and some fungi. 

Lutein (xanthophylls) Flowers, fruits, seeds, eggs and animal fats. 
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Synthesis of Golden Rice 

 

Fig.1. Biosynthetic pathway involved in Golden rice production 

Process of Formation of Golden Rice 

 

Fig.2. Gene construct for golden rice production 

Gene construct used to generate Golden Rice. The gene construct consists of RB (T-DNA right border sequence); Glu, (rice 

endosperm-specific glutelin promoter); tpSSU (pea ribulose bis-phosphate carboxylase small subunit transit peptide) for 

chloroplast localisation; nos (nopaline synthase terminator); Psy (phytoene synthase) gene from Narcissus pseudonarcissus 

(GR1) or Zea mays (GR2); Ubi1 (maize polyubiquitin promoter); Pmi (phosphomannose isomerase) gene from E. coli for 

positive selection (GR2); LB (T-DNA left border sequence). 

Current Status 

At initial GR technology was under the control of Potrykus and Beyer, who were advised by a Golden Rice Humanitarian 

Board (Golden Rice Humanitarian Project website). This Board does not involve funding decisions. At present several funding 

agencies such as, USAID grants to the International Rice Research Institute (IRRI), as well as country-mission grants to National 

Agricultural Research Systems (NARS). Other sources are the Bill & Melinda Gates Foundation, the Swiss Development and 
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Collaboration Agency, the Syngenta Foundation, and the Rockefeller Foundation. Several institute in Bangladesh, Vietnam, 

the Philippines, India, China, and Indonesia doing research in this field with collaboration with IRRI, as well as NARS. 

Field trials of the GR1 lines were conducted for the first time in 2004 at Louisiana State University (as US regulations allowed 

this step to move forward more quickly than in any Asian country). In Asia, research samples of the initial GR arrived at IRRI 

in 2001. Further evaluation of bio-fortified GR2E revealed that rice is safe as food or feed. Transgenic variants of IR64, BR29 

and other several varieties of Asia with high level of beta-carotene have used the same genes for β -carotene synthesis. 

Golden Rice – ‘GR2E’ has been confirmed as safe for use as food, in feed, and for processing by the government’s regulatory 

authorities in Australia, Canada, New Zealand and USA. The regulatory deliberations and decisions are publicly available: 

Australia and New Zealand, Canada and the USA. Again, scientific evaluation confirmed that in human body after 

consumption, GR2E golden rice successfully converted from β-carotene to vitamin-A. 

Conclusion 

Some of the controversial issues regarding golden rice to public health have been now cleared by many evaluation committees. 

As rice is a staple food for major sections of global population, the golden rice can potentially eliminate the shortage of dietary 

vitamin A for the larger section of world population. 

References 

1. Dubock, A. (2019). Golden Rice: To Combat Vitamin A Deficiency for Public Health. In Vitamin A. IntechOpen. 

https://doi.org/10.5772/intechopen.84445. 

2. Zimmermann, R., & Ahmed, F. (2018). Rice Biotechnology and Its Potential to Combat Vitamin A Deficiency: A Case Study 

of Golden Rice in Bangladesh. SSRN Electronic Journal. https://doi.org/10.2139/ssrn.3249399. 

  

http://www.agrifoodmagazine.co.in/
https://doi.org/10.2139/ssrn.3249399


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            341 | P a g e  
 

Entomology: Entomopathogenic Fungi as Endophytes 

Article id: 23720 

A. Vasudha: Department of Entomology, Agrl. College & Res. Instt, Tamil Nadu Agriculture University, Coimbatore-

641003(Tamil Nadu). 

M. Sreedhar: Department of Entomology, College of Agriculture, G. B. Pant University of Agriculture and Technology, 

Pantnagar-263145(Uttarakhand). 

 

Introduction 

Crop protection by the use of agro chemicals has been responsible for increasing the crop production worldwide and by 

improving the quality and quantity of the crop production. However, their extensive and inappropriate use has resulted in 

problems like pest resurgence, resistance towards pesticides, pest residues in food commodities and disruption of natural 

enemies. These negative impacts and concern on environment and food safety, necessitated look for alternative non chemical 

pest management practices that are both cost effective and reliable. Among non-chemical pest management practices biological 

control one of the most effective and environmentally safe alternative. One of the most important biological control is the 

application of endophytic entomopathogenic fungi (EPF) for pest control. Endophytic colonization offer systemic plant 

protection against pests as the latter are negatively affected by the chemical changes triggered in the plant by the endophyte as 

well as by the secondary chemicals secreted by the fungus. 

EPF have several advantages over conventional insecticides, including cost-effectiveness, high yield, absence of harmful side-

effects for beneficial organisms. Only few genera have been applied as entomopathogens, such as Beauveria, Metarhizium, Isaria, 

Lecanicillium and Hirsutella. Apart from direct application as contact bioinsecticides, EPF are able to colonize tissues of the 

plants as endophytes acting not only as pest and disease control agents but also as plant growth promoters. All 

entomopathogenic fungi do not colonize endophytically in plant tissues, only few EPF belonging to the few genera are naturally 

occurring endophytes. Many commonly applied EPF species, such as Beauveria bassiana, Isaria fumosorosea and Metarhizium 

anisopliae, naturally occurring as endophytes, have been recorded to provide effective protection against insect pests. EPF 

endophytes have been identified in several important agricultural crops such as wheat, bananas, soybeans and tomatoes as 

plant growth promoters and beneficial rhizosphere colonizers. 

Artificial Inoculation Methods of Endophytic Entomopathogenic Fungi 

Natural or artificial colonization could be beneficial for the plant as it has been reported to improve plant growth and reduce  

pest infestation in numerous economic crops. Various methods and experimental protocols were developed for artificial 

inoculation such as (a) spraying leaves with conidial suspension, (b) soaking seeds in conidial suspension, (c) injecting fungi 

inoculums into stems, (d) dipping of seedling roots in conidial suspension, and (e) soil drenching with conidial suspension. 

Among all these methods foliar application is the most common method with the promising results. 

Endophytic fungi may have significantly longer periods of efficacy than non-endophytic organisms since many are able to 

survive atleast for the whole growing season of an annual crop. Endophytic entomopathogenic fungi employs various 

mechanisms in order to reduce the damage caused by insect pests such as retardation of the developmental rate of the pest, 

inhibition of insect food consumption rate, reduction of larval survival and decreased reproduction rate. However, not all fungi 

are able to colonize plants, only part of their life cycle not the whole because they cannot adapt to the nutrient content inside 

the plant. 

Possible Mechanisms of Endophytic Entomopathogenic Fungi on Insect Pests 

It has been reported reduction in plant damage caused by many insect pests in several crop plants following treatment with 

endophytic entomopathogenic fungi. The possible mechanisms for negative effect on the insects may be due to 1) colonization 

induces plant defenses (e.g., salicylic and/or jasmonic acid pathways), with negative effects on insects 2) the introduced fungal 

entomopathogen could be “sensed” by other endophytic fungi (competitors), which might produces metabolites that induce 
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plant defenses 3) colonization results in metabolite production by members of the unknown inconstant microbiota, which has 

a direct negative effect on insects (e.g., antibiosis, feeding deterrence), 4) colonization of entophytic fugus produces secondary 

metabolites have antimicrobial and cytotoxic activities, such as beauvericin, oosporein, and taxol. These synthesize such 

compounds in order to kill insects as well as to limit bacterial competition within the host. 

 

Options for Using Endophytic Entomopathogenic Fungi for Pest Control 

Several problems and conditions need to be addressed before potential using of entomopathogenic fungi as biocontrol agents. 

The commercialization of endophytic entomopathogenic fungi was not done because of several short comings associated with 

it. There is no clarity to understand how and to what extent plant tissues are colonized by these fungi, and whether the 

colonization per se or changes in plant metabolism mediated by these fungi, contribute to the reduced herbivore damage in 

order to use as a biocontrol agent. For field level applications as biocontrol agent it requires the efficacy of the product must be 

guaranteed, and following an application, pest abundance reductions need to be consistent and at a comparable level to 

chemical insecticides. 

The practical implementation of endophytic entomopathogenic in IPM programs requires in depth understanding how 

endophytic fungus colonizes the plants, how it survives inside the plant, how it moves inside the plant, identifying the soil 

chracterstics which promote or inhibit the growth of the fungi, how biotic and abiotic factors influences the growth of the fungi, 

understanding all these factors improve the efficiency of applications of endophytic entomopathogenic fungi. Currently, the 

possibilities for using endophytic entomopathogenic fungi as biocontrol agents are difficult to assess, given the many open 

research areas. 
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Introduction 

Mango (Mangifera indica) fruit in contact to various environmental conditions, cultural and post-harvest handling treatments 

often leads to tissue abnormalities. Different types of abnormalities in mango are generally termed as physiological 

disorders.At the time of pre-harvest and post-harvest condition usually the result of imbalances in metabolism induced by 

some environmental factorsthat leads to cell to collapse and the appearance of water- soaked brown areas on some part of the 

fruit that’s called physiological disorder. Pre-harvest factors that predispose mango to physiological disorders include growing 

location of orchard. Another important factor such as tree nutrition conditions at harvest and post- harvest storage conditions 

such as temperature, oxygen and carbon-dioxide levels, packaging and surface coating treatments are contributing factors to 

the occurrence of the physiological disorders in mango. 

Physiological disorders in fruit affect both quality and storage life of mango in all growing regions of the world. The different 

types of physiological disorder conditions such as soft-nose, tip-pulp, internal breakdown or Soft-Centre or spongy-tissue have 

been found in mango. Some of the physiological disorders are described below. 

Chilling Injury 

Chilling injuryis show initially appearance of brown discoloration of the skin of mango 

fruit, some time it in more severe cases the skin colour of fruit becomes more pronounced 

and the flesh isalso affected. There is also uneven ripening of fruit with poor colour and 

flavor development and the fruit is prone to develop rots. It is generally accepted that 

storage of all cultivars of mango below 10°C renders the fruit susceptible to develop 

chilling injury although the time required to show visible symptoms varies between 

cultivars. That to overcome this problem mango fruit should be safely stored for two to 

four weeks near 10°C and then ripened normally when subsequently returned to ambient 

temperature. 

Mango Malformation 

It is widely spread in northern India, as especially in the states of Punjab, Delhi 

and Western U.P. where more than 50% of the trees suffer from malformation 

problem. It includes Three types (1) Bunchy top phase (2) Vegetative 

malformation and (3) Floral malformation. In bunchy top phase in nursery 

bunching of thickened small shoots, bearing small rudimentary leaves. Shoots 

remain short and stunted giving a bunchy top appearance. In vegetative 

malformation, excessive vegetative branches of limited growth in seedlings. 

They are swollen with short internodes forming bunches of various size and the 

top of the seedlings shows bunchy top appearance.In malformation of 

inflorescens, shows variation in the panicle.The affected panicles remain 

unproductive and are characterized by a compact mass of mango flowers, which 

are greenish in colour and Stunted in growth. The main and secondary rachis is thick and short and bears flowers with 
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relatively larger bracts, sepals and petals as compared to normal flowers. The malformed panicles remain intact on the trees 

for a considerable long period. 

Control Measures 

1. Pruning of affected panicles during March 15 to May 15. 

2. Apply different plant hormone: Sprayed with GA (20, 30, 40 and 50ppm), NAA (100 to 250ppm), Paclabutrazol (1000 and 

1500 ppm) and ethrel (500-1000ppm) at prebloom and post-harvest stage. Spray GA @ 30ppm reduced incidence of 

malformation when sprayed prebloom, NAA @ 150ppm and paclabutrazol @ 1000ppm at post-harvest stage proved 

significantly effective to control the incidence. 

Fruit Drop 

Problem of fruit drop depends on variety to variety. Commercially grown varieties like as a Langra is more susceptible to fruit 

drop, while Dasheri is the least. The fruit drop is a continuous process and can be classified into three different phases, viz. (i) 

Pinhead drop, (ii) Post-setting drop and (iii) May-month drop. The fruit drop in first two phases is insignificant compared to 

the third phase which affects the final yield significantly and needs more attention. 

Different factor effect on fruit drop like as a climatic factor, disturbed water relation, lack of nutrition, and hormonal 

imbalances. 

Control 

1. The foliar application of Alar (B-nine) @ 100 ppm or NAA 20 ppm at pea stage of fruit was found effective in controlling fruit 

drop in mango. 

2. Apply water to orchard when fruit attain pea stage of fruit. 

Internal Breakdown 

It has been observed in some varieties of mango subsequent to storage in polythene bags 

orpolyvinyl chloride wraps. Waxing also invariably causes this disorder. Apart from failure 

of the peel colour to advance to a full yellow stage, affected fruit do not exhibit external 

symptoms. Symptoms in the mesocarp range from pale flesh colour to the development of 

delineated starchy areas with air pockets, a condition termed spongy tissue. Severely 

affected fruits are characterized by a considerably reduced flesh firmness, uneven peel and 

pulp ripening, reduced total soluble solids and elevated titrable. 

Lumpy Tissue 

It called heb in Thailand and is prevalent in several Southeast Asian varieties. This disorder is characterized by the development 

of indentations in the peel, which become wider and deeper as the fruit approaches senescence. The mesocarp of affected fruits 

contains white lumps. The necrotic areas have been found to consist of ruptured cells surrounded by intact cells loaded with 

starch. 

Ricey Disorder 

It is also of unknown etiology, is commonly observed in ripened mango. Affected fruit 

show no external symptoms, but small lesions about the size of rice grains, delineated by 

tissue with cotton- like appearance, can be observed in the mesocarp. The sensory 

attributes are generally unaffected.  
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Disorder Location Susceptible cultivar Reference 

Black tip China Unknown Zhang et al. 1995 

Chilling injury General Most Mitra and Baldwin 1997 

CO2 injury General Most Thompson 1971 

Fruit cracking India Bombay green, Dasheri Saran and kumar 2011 

Jelly seed Australia Akber, Fascell, sabre Winston 1986 
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Unemployment is a grave concern. It suggests a situation in which the total number of work openings in the country is much 

lower than the total number of job seekers. It is a kind of situation where the unemployed, given their desire and capacity to 

work, find no useful or gainful employment. And unemployment results in an immense wastage of manpower resources. 

According to the International Labor Organization (ILO) – an agency of the United Nations, unemployment is increasing in 

India and the country's unemployment rate will stand at 3.5 per cent in 2019. Therefore, it is most important to recommend 

such steps to solve this problem. In order to recommend suitable steps to solve this issue, it is best to separately define some 

steps for the rural unemployment and urban unemployment problem. 

Reformative Strength to Rural Unemployment Problem 

Despite that rural unemployment is very different in nature, it is best to propose some special initiatives to fix this problem. 

1. Expanding Volume of Rural Works: One of the most important remedial actions to solve the unemployment problem is to 

increase the employment opportunities particularly in rural areas. In order to clear the backlog of unemployment and also to 

provide jobs for additional employees entering mainstream employment, this expansion in the workload needs to be achieved 

quickly and also in the areas of both wages and self-employment. 

Since large-scale industries cannot provide sufficient employment opportunities, the growth of agriculture and the relevant 

sector as well as the growth of small-scale and cottage industries as well as the unorganized informal sector and the services 

sector are therefore given greater importance. 

2. Modernization of Agriculture: To eliminate the rural unemployment problem, the country's agricultural sector needs to be 

modernized in almost all states. This would result in large agricultural surpluses which would eventually improve the rural 

economy and increase job opportunities in rural areas as well. In addition, attempts should be made to grow and diversify 

wastelands to agricultural activity. 

3. Development of the Allied Sector: The rural unemployment issue can be adequately tackled by developing the allied sector, 

which includes activities such as dairy farming, poultry farming, beekeeping, fisheries, horticulture, sericulture, agro-

processing, etc., which have enormous potential for creation of jobs and self-employment opportunities in the country's rural 

areas. 

4. Development of Rural Non-Farm Activities: To develop opportunities for employment in rural areas, creation of rural non-

farm activities, i.e. rural industries, small-scale cottage and decentralized industries, agro-industry, rural informal sector and 

services, expansion of rural infrastructure, housing, health and education services in rural areas, etc. effective policy support 

should be pursued across the world. 

5. Rural Development Schemes: In order to eliminate the rural unemployment crisis, the Central and State Governments 

should work seriously to introduce and implement rural development schemes so that the benefit of such growth can reach 

the target population groups in time. 

6. SHGs and Micro Finance: Effective steps are taken to encourage self-help groups (SHGs) to create incentives for self-

employment. In this respect, micro-finance flows to SHGs through NGOs may play a responsible role in solving the rural 

unemployment problem. 
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Reformative Strength to Urban Unemployment Problem 

Despite that urban unemployment is very different in nature, it is best to propose some special initiatives to fix this problem. 

1. Rapid Development of Industries: To address the urban unemployment crisis, urgent steps need to be taken to improve the 

industrial efficiency. In this regard, it is important to make immediate attempts to expand and modernize existing industries 

in a cost-effective manner and also to develop new industries. There should be more new resource-based and demand-based 

industries to establish job opportunities.  

2. Revamping Education System: Indian education system remains largely stagnant and does not meet the demand for present 

industries and administrative set-up. This is more about putting so much focus on general education focus should be based on 

vocationalizing education that would allow the younger generation to become involved in small-scale, cottage and service 

industries as well. 

3. Motivation for Self-Employment: In order to change the attitude of the younger generation, particularly from urban areas, 

attempts must be made by both government and non-governmental organizations to encourage the young to embrace the 

direction of self-employment. 

4. Development of Small-Scale Industries: Given the enormous number of unemployed, developing a good number of small-

scale and cottage industries by adopting a labor-intensive approach is very necessary. Developing these SSI’s for the 

development of need-based resources would significantly help to create huge opportunities for jobs in urban and semi-urban 

areas. 

5. Government Support: To address the urban unemployment problem, the government will establish viable urban job 

generation schemes in the PMRY, NRY, etc. line to assist the urban unemployed in self-employment projects. 

6. Banking Support: In order to solve the problem of urban unemployment, rational proposals for the creation of SSIs, various 

units in the services sector and also for the creation of urban informal sector with a supportive attitude should be put forward 

by the scheduled commercial banks. 

7. Changing Investment Patterns: There should also be an effort to turn the investment pattern into a viable and successful 

pattern, both from an economic and social point of view, in order to develop job opportunities. 
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Indian agriculture is dominated by small, marginalized and scattered farms in addition with poor remunerative price and a 

limited political voice in decision making. With globalization, agriculture and allied sector faces several new challenges.  These 

include climate change, depleting natural resources base, unstable and unfair market dynamics, unrealized and underutilized 

productivity potential of youth and women along with the utmost need of the world to feed the growing population through 

sustainable farming practices. 

Changing Needs and Aspirations of Farmers 

Diverse needs of the farming community which are needed to be addressed in the coming time include i) provision of market 

information ii) supporting farmers on business models and negotiation skills iii) promoting entrepreneurship among farmers 

through vocational trainings iv) capacity development to work with women, youth, migrants and tribal/ indigenous  groups 

v) adaptation strategies to climate change  etc.  

Many of these new capacities need collaboration at individual, organizational, and enabling environment levels Moreover, 

solutions for most of these new challenges would require new forms of interaction, organization, and agreement between 

multiple actors (Leeuwis 2004). 

Extension Advisory Services – A Paradigm Shift 

With the rapidly evolving world, aspirations and problem-solving approach of farmers are also changing. The previously 

formulated development policy which led to the establishment and strengthening of Extension Advisory Services no longer 

address the current issues of farming community.  

Now a days due to inefficient and weakly managed  public extension system, the gap of providing efficient and timely 

extension services has been partially filled by new actors like  non-governmental organizations (NGOs), private agencies 

engaged in agribusiness (e.g.: selling inputs and procurement and value addition of farm produce), producers’ organizations, 

farm advisors/consultants etc. While they bring enormous value to EAS but lack of coordination between multiple 

stakeholders has become hurdle in effectiveness of EAS. 

While agribusiness and supply chain management startups are transforming agriculture in many parts of the world but it still 

has a long way to go in India. Thus, a pluralistic, demand driven and gender responsive extension provision that offers a much 

broader support to rural communities, is critical for agricultural development and ending hunger and achieving sustainable 

development goals. 

New Vistas for Extension Advisory Services (EAS): 

1. Capacity Building of farmers in mobilizing farm and human resource in such a way that they could meet the various 

challenges pertaining to production, natural resource management, marketing and post-harvest management. 

2. Building necessary linkages to access credit, information, inputs and market needed to improve their production and 

livelihoods of the farmers.  

3. Creating opportunities and platform to exchange information and experiences among farmers and rural communities for 

scaling innovation. 

4. Building platforms to facilitate development of consortia of different organizations to address specific issues (e.g. value chain 

development, participatory irrigation management, inputs to policy formulation, etc.) and also for information sharing and 

learning. 
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New Competencies Required for Extension Personnel 

1. Understanding of Self: to reflect on one’s own personality and belief systems as well as one’s emotional intelligence.  

2. Communication Skills: counseling, empathetic, critical thinking, and negotiations, designing media-mix IEC (Information, 

Education & Communication) strategy for development.  

3. Group Dynamics: power and influence in groups, group decision making, conflict management; understanding leadership 

and its role in bringing out positive social change, problem solving skills, etc.  

4. Facilitation of Social Capital: ways to approach villagers, organize meetings and group discussions in the field/villages, 

sensitization and social mobilization of people, identification of felt & unfelt needs of farmers, group formation – need/interest-

based groups to address common issues; selection of lead/ progressive farmers, etc.  

5. Programme Planning and Management: project planning formulation and report writing, logical framework analysis, 

stakeholder analysis, policy-gap analysis, etc.  

6. Livelihood Management: development of backward-forward linkages, livelihood mapping, (social) entrepreneurship, 

market linkages, value addition, etc.  

7. Documentation and Data Analytics Skills: developing data collection tools and its administration, evidence-based research, 

participatory action research, good/best practice writing, qualitative & quantitative data analytics, etc. 

Conclusion 

These new challenges mean that Extension Advisory Services need to shift its objective from just transferring new technologies 

to diverse needs of farmers. To remain up to date, relevant and contribute effectively to agricultural and rural transformation 

we need to continuously challenge our professional beliefs and adapt accordingly. We need to experiment, evaluate and learn 

from alternative approaches, and then re-tool, re-equip and re-acquaint our professionals with new knowledge and skills. 
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Introduction 

Crop species have been improved for consumption by selecting for useful traits, and accumulating desirable genes from genetic 

resources. “Hybridization breeding” introduces agriculturally valuable traits into existing cultivars, such as biotic or abiotic 

stress tolerance, from breeding stocks or wild progenitors by intra-specific or inter-specific crossing. As genetic resources are 

limited in intra-species, interspecific crossing is expected to contribute to further development of plant breeding programs 

Tonosaki et al., (2016). Wide hybridization breaks what is known as the species barrier for gene transfer and thus makes it 

possible to transfer the genome of one species to another, which results in changes in genotypes and phenotypes of the 

progenies. It is very important for species evolution and speciation since chromosome doubling of wide hybrids is responsible 

for the origin of many allopolyploid species Liu et al., (2014). 

History of Distant Hybridization 

The history of distant hybridization was started with production of a hybrid between carnation (Dianthus caryophyllus) and 

sweet William (Dianthus barbatus) by Thomas Fairchild in 1717. An interesting intergeneric hybrid Raphanobrassica was 

produced by the Karpenchenko in 1928 by crossing radish and cabbage. But first successful intergeneric hybrid was triticale, 

which was produced by Rimpau in 1980. Triticale is the amphidiploid obtained from crosses between wheat and rye. 

Interspecific hybridization in sugarcane is used for the transfer of some desirable traits particularly those for disease resistance. 

Distant Hybridization 

Wide hybridization comprises the exchange or modification of the genes due to crossing between species from distant gene 

pools. It is a unique tool to introduce useful traits in a variety of agricultural applications especially beneficial agronomical 

traits. Crossing between individuals of different species or genera provides a way to combine diverged genomes into one 

nucleus Visarada and Venkateswaran (2018). 

Objectives of Distant Hybridization 

1. To transfer desirable genes from wild relatives not available in cultivated varieties Example: Disease resistance, insect 

resistance genes, drought resistance, cold tolerance. 

2. Quality improvement - Example: Cotton (fibre). 

3. Yield improvement - Example: Oats, Tobacco, Maize, Sugarcane. 

4. Other characters - Example: CMS, Earliness, dwarfness morphological characters. 

5. Creation of novel genotypes: New species or F1 hybrids hitherto non-existent in nature. 

Barriers to Production of Distant Hybrids 

Isolating barriers can be classified into (i) pre-mating barriers like divergence in spatial and ecological habitats, flowering time, 

floral organs, and reproductive modes (autogamy and apomixes) and (ii) postmating barriers, which include cross 

incompatibility, hybrid inviability, hybrid sterility and hybrid breakdown. 

1. Failure of zygote formation / cross incompatibility: Inability of functional pollens of one species/genera to effect 

fertilization of female gametes of another species/genera. It may be due to the failure of pollen to germinate and penetrate to 

the stigma. The first pre-zygotic barrier is pollen rejection; the inhibition of pollen hydration, germination, or pollen tube 

growth. 
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2. Failure of zygote development / Hybrid inviability: It is inability of a hybrid zygote to grow into a normal embryo under 

the usual conditions of development. Reasons for hybrid inviability are lethal genes, genetic disharmony, chromosome 

elimination, incompatible cytoplasm and endosperm abortion. 

3. Failure of F1 seedling development / hybrid sterility: It is inability of a hybrid to produce viable off springs due to lack of 

structural homology between chromosomes or Homeologous chromosome pairing between two species. Hybrid necrosis is 

one of the negative results of both intra- and inter-specific hybrids. Necrosis can be temperature dependent and cause slow 

growth, wilting, discoloration, and lethality. Recent studies revealed that hybrid necrosis is caused by an autoimmune-like 

response through epistatic interaction between resistance (R) genes Tonosaki et al., (2016). 

Limitation of Distant Hybridization 

1. Incompatible crosses: A large proportion of wild species are not crossable with cultivated species, and consequently of no 

use for crop improvement through sexual manipulation.  

2. Hybrid sterility: Chromosomal rearrangements frequently cause sterility in hybrids as indicated by abnormal chromosomal 

pairing, formation of multivalent and other abnormalities at meiosis. Cryptic differences in chromosomes are regarded as a 

major cause of hybrid sterility in plants. Hybrid sterility is also caused by cytoplasmic difference, as in the case of O. rufipogon 

where the cytoplasm frequently induced male sterility.  

3. Lack of homoeologous chromosome pairing: During meiosis, homologous/homoeologous chromosomes are paired to form 

so-called bivalents (association of three or more chromosomes is called multivalent). Chromosomally distant species hybrids 

generally show sterility due to chromosomal rearrangement on meiotic pairing. Generally, homologous chromosomes need to 

be associated for the allopolyploid hybrid plant to reduce chromosome number and recombine during meiosis.  

4. Undesirable linkage - Linkage drag: Hybridization results in genetic recombination between chromosomes of cultivated 

and wild species. These can take place through the reciprocal replacement of alleles of the wild type with that of the improved 

cultivar rather than through substitution of a complete or an arm of chromosomes of wild species. 

5. Problems in the transfer of recessive oligogenes and quantitative traits: In many distant hybridization programs, transfer 

of recessive traits and of quantitative characters is not feasible. In fact, monogenic dominant characters are easily transferred, 

and such transfers constitute the bulk of interspecific gene transfers. 

6. Lack of flowering in F1: Some interspecific hybrids fail to produce flowers. Hybrids between species belong to the 

Rhizomatosae and section Arachis of peanut do not produce flower. Some of interspecific hybrids in the genus Glycine fail to 

flower. 

7. Dormancy: In some cases, the Some of interspecific hybrids show longer period of dormancy. Some interspecific hybrids in 

Arachis remain dormancy for 5-10 years regardless of the treatments applied for including germination. 

Techniques to Overcome the Barriers 

1. Reciprocal crosses: When one parental combination fails, the other might be a success. 

2. Manipulation of ploidy: Diplodization of solitary genomes to make them paired may be helpful. 

3. Bridge crosses: A third parent which is compatible to both the parents is used as bridge species to transfer the desirable 

genes. 

4. Use of pollen mixture:  The mixture of compatible and incompatible pollen could be used to overcome the pre-fertilization 

problem. 
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5. Embryo rescue: Zygotes which generally are not viable in wide hybridization and fail to grow will be taken out and grown 

in in-vitro condition aseptically. 

Achievements 

1. Cotton: MCU-2, MCU-5, Khandwa-1, Khandwa-2, Varlakshmi. 

2. Bhindi: Prabhani Kranti. 

3. Pusa Giant: A popular Napier × Bajra grass hybrid has high fodder yield and quality. 

4. Triticale: DT46 (T. turgidum x Secale cereale). 

5. NERICA Rice: Large number of varieties derived from crosses of O. sativa x O. glaberrima. 
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Introduction 

Cashew (Anacardium occidentale L.) is an important commercial tree nut crop grown in many tropical countries including India. 

It is infested by several insect pests. In general, tea mosquito bug and cashew stem and root borer are considered as serious 

pests in most of the cashew growing regions of our country. Besides, there are few secondary insect pests which are considered 

important. Leaf miner, Acrocercops syngramma M. (Lepidoptera: Gracillariidae) is one such important pest of cashew (Pillai, 

1980; Sundararaju, 1984). Occurrence of this species on cashew is recorded in different parts of India, Indonesia and Thailand 

(CABI, 2020). It is one of the serious pests of cashew especially during post monsoon period all over the country. It is very 

commonly noticed on seedlings and young plants. In older trees, new flushes get infested severely by this pest during the 

flushing period and the pest infestation is noticed during flowering season as well. 

Biology 

Eggs are tiny, transparent and glue like, laid on the upper side of tender leaves. Eggs hatch in 5-7 days. During the 

developmental period, larvae are dull white in colour. Full grown caterpillars measure about 5-7 mm in length, are reddish 

brown in colour.  After full development, the larvae fall off to the soil, where they pupate and emerge as adult moths after 7-9 

days. Dull white to reddish brown small caterpillars can be seen within the feeding mines. Pupation takes place in soil within 

silken cocoon. The adult is a tiny silvery grey moth with red eyes. 

 

Seasonality 

The incidence is most common in post monsoon flushes during August-December reaching the peak during October- 

November, but incidence can be seen up to April but at low level. The regular observations at cashew plantations of ICAR-

Directorate of Cashew Research, Puttur revealed that the population build-up of leaf miner shows a gradual increase from 

August till October, reaching the peak during mid-November and then declining abruptly. 

Host Range 

Cashew (A. occidentale), Mango (Mangifera indica), jamun (Syzygium cumini). 

Symptoms and Intensity of Damage 
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The mining injury by caterpillars occurs both on tender leaves as well as shoots. Young plants are observed to be prone to 

attack by this pest. The caterpillars mine and feed below the epidermal layer of the tender leaves causing extensive leaf blisters, 

which later dry up resulting in distortion, browning and curling of the leaves. As the attacked leaf ages, holes develop due to 

drying out of the damaged portion. Generally, 1-5 larvae are seen in a single leaf, but up to 45 larvae have been observed in 

single leaf during peak infestation at Puttur, Karnataka.   

In general, a damage of 2.2 to 80.0 per cent have been recorded in cashew depending on the age of the tree, season and place 

in different cashew growing regions of the country (Abraham, 1958; Chatterjee, 1989). Observations by Vanitha et al. (2015) 

showed that the number of leaf miner larvae ranged between 1 and 10 per leaf in approximately 90 per cent of infested leaves. 

Besides, the number of leaf miner larvae per infested cashew leaf varies widely among the varieties. Correlation studies showed 

that there was no uniform correlation between leaf dimensions and number of leaf miner larvae (Jacob and Belavadi, 1990).  

 

Management Measures 

In nature, leaf miner population is taken care by larval parasitoids. Two larval parasitoids viz., Chelonus sp. and Sympiesis sp. 

have been recorded on leaf miners in Kerala and Goa. In Puttur, Karnataka, three larval parasitoids namely, Chyrsocharis sp., 

Aprostocetus sp. and Closterocerus sp. (Eulophidae) were recorded, among which Chrysocharis sp. is the dominant one. These 

parasitoids could parasitize leaf miner larvae even up to 50 % under field conditions (Vanitha, 2015). Spraying may not be 

required since these larval parasitoids manage this pest. But under severe incidence in nursery and young plants, spraying is 

required. Spraying of quinolphos (1.5 ml/lit) or monocrotophos (1.5 ml/lit) or profenophos (1.5 ml/lit) or lambda cyhalothrin 

(0.6 ml/lit) are found effective in managing this pest. 

Conclusion 

Cashew leaf miner is one of the serious pests especially during post monsoon period all over the country and very commonly 

noticed on seedlings and young plants. Its feeding causes extensive leaf blisters, which later dry up resulting in distortion, 

browning and curling of the leaves. Spraying may not be required in older trees, since larval parasitoids manage this pest. 

However, severe infestation in young seedlings requires spraying. 
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Introduction 

Contract farming can be defined as agricultural production carried out according to an agreement between a buyer and farmers, 

which establishes conditions for the production and marketing of a farm product or products. Typically, the farmer agrees to 

provide agreed quantities of a specific agricultural product. These should meet the quality standards of the purchaser and be 

supplied at the time determined by the purchaser. In turn, the buyer commits to purchase the product and, in some cases, to 

support production through, for example, the supply of farm inputs, land preparation and the provision of technical advice. 

Contract Farming Business Models 

1. Informal model: This model is the most transient and speculative of all contract farming models, with a risk of default by 

both the promoter and the farmer”. However, this depends on the situation: interdependence of contract parties or long-term 

trustful relationships may reduce the risk of opportunistic behaviour. Special features of this CF model are: 

a. Small firms conclude simple, informal seasonal production contracts with smallholders. 

b. The success often depends on the availability and quality of external extension services. 

c. Embedded services, if at all provided, are limited to the delivery of basic inputs, occasionally on credit; advice is 

usually limited to grading and quality control. 

d. Typical products: requiring minimal processing/ packaging, vertical coordination; e.g. fresh fruit/ vegetables for 

local markets, sometimes also staple crops. 

2. Intermediary model: In this model, the buyer subcontracts an intermediary (collector, aggregator or farmer organisation) 

who formally or informally contracts farmers (combination of the centralised/ informal models). Special characteristics of this 

CF model are: 

a. The intermediary provides embedded services (usu- ally passing through services provided by buyers against 

service charges) and purchases the crop. 

b. This model can work, if well-designed and if incentive-structures are adequate and control mechanisms are in place. 

c. This model can bear disadvantages for vertical coordination and for providing incentives to farmers (buyers may 

lose control of production processes, quality assurance and regularity of supplies; farmers may not benefit from 

technology transfer; there is also a risk of price distortion and reduced incomes for farmers). 

3. Multipartite model: This model can develop from the centralised or nucleus estate models, e.g. following the privatisation 

of parastatals. It involves various organisations such as govern- mental statutory bodies alongside private companies and 

sometimes financial institutions. Special features: 

a. This model may feature as joint ventures of parastatals/ community companies with domestic/ foreign investors 

for processing. 

b. The vertical coordination depends on the discretion of the firm. Due attention has to be paid to possible political 

interferences. 

c. This model may also feature as farm-firm arrangement complemented by agreements with 3rd party service 

providers (e.g. extension, training, credits, inputs, logistics). 
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d. Separate organisations (e.g. cooperatives) may organise farmers and provide embedded services (e.g. credits, 

extension, marketing, sometimes also processing). 

e. This model may involve equity share schemes for producers. 

3. Centralized model: In this model, the buyers’ involvement may vary from minimal input provision (e.g. specific varieties) 

to control of most production aspects (e.g. from land preparation to harvesting). This is the most common CF model, which 

can be characterised as follows: 

a. The buyer sources products from and provides services to large numbers of small, medium or large farmers. 

b. The relation/ coordination between farmers and contractor is strictly vertically organised. 

c. The quantities (quota), qualities and delivery conditions are determined at the beginning of the season. 

d. The production and harvesting processes and qualities are tightly controlled, sometimes directly implemented by 

the buyer’s staff. 

e. Typical products: large volumes of uniform quality usually for processing; e.g. sugar cane, tobacco, tea, coffee, cotton, 

tree crops, vegetables, dairy, poultry. 

4. Nucleus estate model: In this model, the buyer sources both from own estates/ plantations and from contracted farmers. 

The estate system involves significant investments by the buyer into land, machines, staff and management. This CF model 

can be characterised as follows: 

a. The nucleus estate usually guarantees supplies to assure cost-efficient utilisation of installed processing capacities 

and to satisfy firm sales obligations respectively. 

b. In some cases, the nucleus estate is used for research, breeding or piloting and demonstration purposes and/ or as 

collection point. 

c. The farmers are at times called ‘satellite farmers’ illustrating their link to the nucleus farm. This model was in the 

past often used for state owned farms that re-allocated land to former workers. It is nowadays also used by the private 

sector as one type of CF. This model is often referred to as “outgrower model”. 

d. Typical products: perennials 

Advantages 

Contract farming is looking towards the benefits both for the farm-producers as well as to the agro-processing firms. 

Producer / Farmer 

1. Makes small scale farming competitive - small farmers can access technology, credit, marketing channels and information 

while lowering transaction costs 

2. It reduces the risk of production, price and marketing costs. 

3. Contract farming can open up new markets which would otherwise be unavailable to small farmers. 

4. It also ensures higher production of better quality, financial support in cash and /or kind and technical guidance to the 

farmers. 

5. In case of agri-processing level, it ensures consistent supply of agricultural produce with quality, at right time and lesser 

cost. 

Agri-based Firms 

1. Optimally utilize their installed capacity, infrastructure and manpower, and respond to food safety and quality concerns of 

the consumers. 

2. Make direct private investment in agricultural activities. 

3. The price fixation is done by the negotiation between the producers and firms. 

4. The farmers enter into contract production with an assured price under term and conditions. 
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Challenges 

1. Contract farming arrangements are often criticized for being biased in favour of firms or large farmers, while exploiting the 

poor bargaining power of small farmers. 

2. Problems faced by growers like undue quality cut on produce by firms, delayed deliveries at the factory, delayed payments, 

low price and pest attack on the contract crop which raised the cost of production. 

3. Contracting agreements are often verbal or informal in nature, and even written contracts often do not provide the legal 

protection in India that may be observed in other countries. Lack of enforceability of contractual provisions can result in breach 

of contracts by either party. 

4. Single Buyer – Multiple Sellers (Monopsony). 

5. Adverse gender effects - Women have less access to contract farming than men. 

Policy Support 

Agricultural marketing is regulated by the States’ Agricultural Produce Marketing Regulation (APMR) Acts. In order to 

regulate and develop practice of contract farming, Government has been actively advocating to the States/ Union Territories 

(UTs) to reform their agri marketing laws to provide a system of registration of contract farming sponsors, recording of their 

agreements and proper dispute settlement mechanism for orderly promotion of contract farming in the country. So far, 21 

States (Andhra Pradesh, Arunachal Pradesh, Assam, Chhattisgarh, Goa, Gujarat, Haryana, Himachal Pradesh, Jharkhand, 

Karnataka, Maharashtra, Madhya Pradesh, Mizoram, Nagaland, Odisha, Punjab (separate Act), Rajasthan, Sikkim, Telangana, 

Tripura and Uttarakhand) have amended their Agricultural Produce Marketing Regulation (APMR) Acts to provide for 

contract farming and of them, only 13 States (Andhra Pradesh, Chhattisgarh, Goa, Gujarat, Haryana, Himachal Pradesh, 

Jharkhand, Karnataka, Maharashtra, Madhya Pradesh, Odisha, Rajasthan and Telangana) have notified the rules to implement 

the provision. 

Agricultural Produce Suitable for CF 

The various agricultural produce are suitable for practices under contract farming like tomato pulp, organic dyes, poultry, 

pulpwood, mushrooms, dairy processing, edible oils, exotic vegetables, baby corn cultivation, basmati rice, medicinal plants, 

potato for making chips and wafers, onions, mandarin oranges, durum wheat, flowers and orchids, etc. 

Key Minimum Requirements for Appropriate Contract Schemes 

Broadly, the project must: 

1. Not result in farmers’ overspecialisation in certain crops to the detriment of building resilience and contributing to local food 

security; 

2. Promote sustainable farming practices and not promote reliance on chemicals or expensive seeds, or lead to excessive debts; 

3. Lead to higher incomes for farmers than they would otherwise earn, and compared to alternative models 

4. Substantially include women farmers and promote their rights; 

5. Promote the land rights of farmers; 

6. Apply free, prior and informed consent of those affected in terms of project design and implementation. 

In Relation to Contractual Terms, the Project should: 

1. Be negotiated transparently and fairly among the parties, providing adequate information at all times on the financial aspects 

of the project and the risks and likely impacts; 

2. Consider alternative contract farming models; 

3. Be regulated by a written contract spelling out the details and obligations of both the company and the out-growers, and 

which must be written in a clear and understandable way without-growers given sufficient time to review it; 

4. Be transparent about how the price is determined, the duration of the project and how production inputs and other services 

are to be supplied and used by farmers; 

5. Build in a clause for the renegotiation of the contract at agreed intervals, and specify the sharing of production and market 

risks among the parties; 
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6. Track and communicate performance to affected stakeholders to build accountability at the operational level; 

7. Prevent unfair practices in buyer-farmer relations, and not prohibit or discourage farmers from associating with other 

farmers to compare contractual clauses or to address concerns or problems; 

8. Have clear mechanisms for settling disputes. 
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Seed borne disease refers to the particular plant disease that are transmitted by seed, which are responsible for considerable 

loss of yield in various crops. 

Common seed borne disease are: bunts, smuts, spots, rotting, blights, anthracnose etc. Pathogen may be present on seed either 

externally or internally and cause infection during or prior to germination. 

List of Major Seed Borne Diseases 

Diseases Pathogen 

Loose smut of wheat  Ustilago segetum var. tritici  

Karnal bunt of wheat  Tilletia indica  

Red rot of sugarcane  Colletotrichum falcatum  

Covered smut of barley  Ustilago hordei  

Late blight of potato  Phytophthora infestans  

Anthracnose of chilli  Colletotrichum capsici  

Grain smut of sorghum  Sporisorium sorghi  

Three dimensions of disease development which is triangle: host pathogen and environment. 

Conditions for Disease Developments:  

1. Host should be susceptible. 

2. Pathogen should be virulent. 

3. Environment should be favourable for the disease. 

Weather Parameter:  

1. Temperature. 

2. Relative humidity 

3. Moisture 

4. Rainfall 

5. Light 

6. Water 

7. Wind 

Temperature 

S.N. Seed Borne Diseases Favorable Temperatures 

1  Loose Smut of Wheat  20-25°C  

2  Blast of Rice  20-24°C  

3  Covered Smut of Barley  20°C  

4  Grain Smut of Sorghum 20-30°C  

5  Late Blight of Potato  10-12°C  

6  Rhizome Rot of Ginger 35-40°C  
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Relative Humidity 

S.N. Seed Borne Diseases Favorable Temperatures 

1  Loose Smut of Wheat  95%  

2  Blast of Rice  >90%  

3  Covered Smut of Barley  95%  

4  Grain Smut of Sorghum >90%  

5  Late Blight of Potato  High RH  

 

Moisture 

1. Low to medium moisture (20%) favours the grain smut of sorghum. 

2. Cool and moist weather during flowering favours the loose smut of wheat. 

3. High moisture also increase the blight disease of potato and tomato. 

4. Grain moisture content must be below 12% for reduce the seed borne disease.  

Other Weather Parameters 

Other weather parameter like rainfall, light, water, wind also affect seed borne disease. For example: 

1. Water logging condition favour the red rot in sugarcane and rhizome rot of ginger. 

2. Warm &humid climate predispose the plant to infection at sprouting stage. 

Seedling Symptom Test 

To identify the transmission of fungus disease, use the Test tube agar method. 

Material required 

1. Test tube, plain agar with plug, 

2. Stereoscopic microscope, compound microscope 

Procedure 

1. Prepare 1% plain agar 

2. For 10ml in each test tube prepare about 100 tubes plug the mouth of test tube with cotton plug. 

3. Autoclave the test tube. 

4. Place the test tube in a wooden stand at an angle of 60°. 

5. Place one seed in each test tube aseptically in inoculation chamber & kept in BOD at 20°C for 14 days. 

6. Remove the cotton plug when seedling size increase to the ring of test tube. 

7. Observation-the symptoms produces on the seedling recorded along with the characteristics of fungi. 
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Onion: The Great Villain of 2019 
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Introduction 

Agricultural goods are the essential commodities that include all the commodity rates. People belong to all groups that need 

agricultural products to satisfy their daily diet. Their requests are regular too. And even a minor fluctuation in agricultural 

product prices can have a dramatic effect on people's daily schedule. The main talk of 2019 over agriculture is the price rise of 

onion. Onion emerged as a disturbing threat to the consumers over last year. This article goes at the reasons for the problem 

and provides some recommendations for resolving the risk in the future. 

Production and Export 

India produces all three onion varieties-red, yellow, white. Onion is produced in some parts of the country over all the seasons. 

By 2009 the country had produced around 1,35,65,000 tons of onion. Maharastra is the country's top producer of onion. India 

is a popular onion exporter, as well. The export gradually evolved year after year. The quantum had crossed 11.58,000 tons, 

and so on. Onions are only exported by NAFED, and now also through some other agencies. No doubt, onion exports have 

brought valuable foreign exchange into the country and, at the same time, have given the producer high price per ton. Domestic 

use was also considered prior to export however. 

Reason Speaks! 

There are three seasons to harvest onions which affect monthly rates of inflation. The first season is October-December, usually 

contributing to 15 percent of production, and any loss here leads to a price spike. Also essential is the third crop between March 

and May, because it is stored until the next harvest of kharif. Unseasonal rains have induced crop failure in Maharashtra, North 

India and Karnataka, where Tamil Nadu typically gets its onions through.           

This onion price rise also takes place over the course of history. During Ms. J.Jayalalitha's tenure onion price has risen to a high. 

But by procuring all the onions directly from farmers, she brought the situation to management, and marketed it. Other 

countries importing onions may also modify the situation. 

Steps for Future 

Long-term initiatives such as building warehouses, directly procurement by the government from small farmers, improving 

uzhavarsandhai's and ensuring extension services with aid will reduce the tremendous threat. Taking measures to increase 

onion production by increasing the area being cultivated from 75000 acres to 1.25.000 acres. A total of 25 tons of improved 

varietal seeds have been procured and will be supplied at subsidized prices to farmers. Onion imports can be achieved without 

any impediments if a crisis is planned. Hoarding should be regulated and cooperatives in production and distribution should 

be active so that price rises are less severe. Sale of onions via State government pannaipasumai (farm fresh) outlets. On the 

market, officials from the agricultural department set the price for vegetables based on the wholesale market price of the 

previous days. Uzhavarsandhai should be strengthened. 

Conclusion 

2019 faced a massive onion threat. It shows off onion as the year's biggest villain. But the issue can occur for other agricultural 

commodities. It is also the responsibility of the state government and the centre to take action for any potential issues. Onion 

price rise can be regulated by government, but it should be a warning for the country's upcoming economic crisis. 
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Abstract 

The management of by-products generated from agriculture and agro food industries has become a major challenge nowadays 

as these products are neither recycled nor utilized for other purposes. In other words, these wastes are left unutilized in landfills 

due to their higher cost of collection and recovery. Vermicomposting is an economic and eco-friendly sustainable technology 

for utilization these wastes generated from agriculture and agro food industries. As during vermicompost production the 

complex organic matter is stabilizes through the joint action of earthworms and other aerobic microorganisms. Earthworms 

are knowing as farmers friends due to their capacity to improve soil fertility and productivity by decomposition of organic 

matter. The physcio-chemical and biological analysis of vermicompost generated from various agricultural wastes shows that 

vermicomposting decreases the total carbon and C/N ratio but increase the nutrient content, water holding capacity, pathogen 

destruction (biocontrol) and plant growth regulators. Thus, all these parameters ultimately enhance the crop growth and yield, 

soil physicochemical and biological properties 

Keywords 

Agriculture wastes, Earthworms, organic manures, vermicompost, waste-management. 

In 21st century climate change is a major challenge for researchers. Climate change is caused either by natural sources or by 

anthropogenic activities. Among the natural sources are continental drift, solar radiation, geomagnetic activities, volcanos, 

ocean currents, whereas industrial revolution, construction, transport, consumption, intensive use of agrochemicals, increase 

in world’s population etc. are the major causes among the human mediated forces for global climate change. At present 

providing quality food to the ever-increasing population is a major challenge to the agriculturalists. Unbalanced use of chemical 

fertilizers and other agrochemicals for supplying nutrients to plants for maximizing the crop yields within a short period has 

widely contributed to environmental degradation through carbon dioxide generation, fossil fuel depletion, contamination of 

water resources and deterioration of soil productivity and fertility (Nagavallemma et al. 2004). 

Asia is the largest consummator of chemical fertilizers in agriculture with 61% of world’s total fertilizer consumption (FAO 

2019). The higher emphasis on use of agrochemicals has led to imbalanced soil fertility and productivity. Thus, the major 

concern for agricultural researchers is need of environmentally friendly approaches to reverse the long lasting and declining 

effects in global agricultural productivity. Organic farming, an approach which not only provides good quality food but also 

works in harmony with nature by avoiding uses of harmful agrochemicals is becoming popular all over the world. One of the 

most feasible, eco-friendly, pollution free, economical, biodegradable and renewable microbes-based preparations i.e. organic 

manures, biofertilizers etc. are the pillars of organic farming for sustainable agriculture (Geetanjly et al. 2015). Recently, the 

increased demand of high quality organically grown food products have enhanced the production of good quality organic 

manures such as vermicompost has been popularized because of its high nutrient contents and easiness in preparation over 

the many other organic manures. 

A large amount of biological yield in agriculture i.e. crop and livestock by-products, weeds, crop residues, leaf litters, undesired 

plant parts, bedding materials of animals which generate during intercultural operations, harvesting and other managerial 

practices is neglected in the form of waste. As per an estimate 620 million tons of agricultural residue generated every year in 

India half of it is remained unutilized. The unutilized residue is burned in the fields by the farmers which creates a negative 

impact on soil physical, chemical and biological properties along with environmental pollution (Singh and Prabha 2017). Other 

than the agricultural waste biodegradable waste viz. flower cutting, hedge trimming, vegetables and fruit market waste, 

domestic and commercial food waste, kitchen and household waste etc. generated from urban areas is left unutilized which 
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worsen the sanitary and hygiene conditions of cities prominently in developing world. Vermicomposting can convert these 

bio-degradable wastes into high quality manures in eco-friendly manner. 

Vermicompost technology maintain the harmony with nature and that’s why it is becoming a mainstream technology all over 

the world. Vermiculture has become a new hope for sustainable agriculture in an eco-friendly manner and helps in production 

of good quality food without any harmful chemical constituents in it. Production and preparation of vermicompost is one the 

most popular sustainable technology which deals with organic waste decomposition by various earthworm species (Quaik et 

al. 2012). Earthworm’s gut acts as bioreactor for organic wastes where vermicasts are produced. This vermicast also called 

vermicompost which is very rich in various macro (N, P, K) and micronutrients (Fe, Cu, Zn, Mn). The higher quantity of these 

nutrient in vermicompost support the higher plant growth and crop production through supply of plant nutrient and direct 

and indirect inhibition of growth and multiplication of plant pathogen (Kaur et al. 2015). 

Various plant growth promoting substances i.e. auxin, cytokinins and gibberlic acid are also present in vermicompost. Waste 

materials generated from agriculture, households and different food processing industries can be effectively managed thought 

vermicomposting. In this process the degradable materials are composted for efficient utilization of these biodegradable 

materials to increase crop production and elimination of chemical fertilizers use. 

Vermicomposting is an eco-biotechnological process of compost production through earthworms in which energy rich complex 

organic substances are converted into stabilized humus like products. Vermicompost preparation is an environmentally 

acceptable efficient technology for conversion of agricultural waste into nutrient rich compost (Hema and Rajkumar 2012). 

Moreover, vermicomposting helps in management of garbage generated from agriculture and food processing industry can be 

converted into resource through preparation of compost which ultimately enhance the soil quality. 

Vermicomposting 

To maintain the soil fertility and productivity a variety of micro and macro-flora presents in soil have the capacity to decompose 

organic waste materials into valuable resources containing both organic matter and plant nutrients. In vermicomposting 

biodegradation activity of earthworms maintain the nutrients flow from one to another system. Earthworms have been 

described as “unheralded soldiers of mankind” by Charles Darwin and “intestine of earth by Aristotle due to their ability to 

digest different organic materials. Due to presence of waste variety of microorganisms, hormones and hydrolytic enzymes in 

their intestine earthworms perform degradation of lignin, cellulose, hemi-cellulose and other hardy organic materials and thus 

participate in soil formation and humus accumulation. The waste material digestion and formation of vermicompost by 

earthworms passes through various steps. 

The organic matter in grounded into fine powder in the gizzard of earthworms. Then various hydrolytic enzymes i.e. amylase, 

cellulose, protease, lipase, chitinase and urease, other fermenting substances and microorganisms further helps in breakdown 

of organic matter within the guts of earthworms and then finally the processed organic matter passes out in the form of casts 

which is called vermicompost (Munnoli et al. 2010). Many epigeic earthworm species i.e. Eisenia foetida, Lumbricus rubellus, 

Lumbricus castaneus, Eiseniella tetraedra, Bimastus minusculus, L. festivus, Dendrobaena veneta, B. eiseni, Dendrodrilus rubidus, D. 

octaedra etc. are efficient in biodegradation and nutrient release, rapid degradation of complex organic matter and tolerant to 

disturbances. Earthworms are known as eco-system engineer due to their ability of reclamation of degraded soils. 

Vermicomposting can be defined as bio-oxidative and non-thermophilic process of production of highly fertile compost with 

the help of earthworms and other beneficial microorganisms present in soils. The various physico-chemical and biological 

properties of vermicompost include greater microbial diversity, higher water holding capacity, and buffering capacity. 

In the recent scenario where the whole world is looking for socially acceptable, economically viable, environmentally safe and 

sustainable alternate against the agrochemicals due to their adverse impact on soil, human and animal health, vermicomposting 

is a best path for desired sustainable production. Quality of raw materials used, species of earthworms, selection of substrate 

and their combinations are the important parameters for production of quality vermicompost (Jafarpour et al. 2017). 

Waste Management by Vermicomposting 

Vermicompost is among the most prominent economic and eco-friendly biofertilizers which not only increase plant growth, 

soil fertility and productivity, quality of agricultural produce but also it reduces environmental pollution. Nowadays, this 

technique is giving extra revenue to farmers and other stakeholders through construction of vermicompost units and solving 
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the problem of agro-wastes disposal in an eco-friendly manner. Vermicompost generated from agricultural wastes can be used 

for variety of crops i.e. cereals, vegetables, horticultural and ornamental at any stage. Vermicompost preparation from 

vegetable and fruit wastes generated from households, agro food industries and agro-markets can reduce the requirement of 

extra land for disposal of these wastes and thus creates better environment and lower ecological risks (Mane and Raskar 2012). 

Table 1 shows the different types of raw materials and earthworm species use for vermicompost preparation. Table 1. Different 

types of raw materials and earthworm’s species in vermicompost preparations (Sobana et al. 2016). 

Sl. No. Raw Material Earthworm species 

1 Agricultural residues, wastes and sugarcane trashes Eudrilus eugeniae, Perionyx excavates 

2 Board mill sludge  Lumbricus terrestris 

3 Canteen waste & vegetable waste  Eisenia foetida 

4 Cattle manure  Eudrilus eugeniae 

5 Deciduous forest waste, cow-dung  Eisenia foetida, Perionyx excavatus and 

Dicogaster bolaui 

6 Different mammalian animal waste  Eisenia foetida 

7 Domestic waste + cow-dung  Perionyx excavates, Perionyx sansibaricus 

8 Fly ash + cow dung  Eisenia foetida 

9 Gaur gum  Eudrilus eugeniae 

10 Grass clippings, cow dung  Eisenia foetida 

11 Green waste  Eisenia andrei 

12 Imperata cylindrica grass  Perionyx excavatus, Eisenia foetida 

13 Municipal solid waste  Eisenia foetida, Eudrilus eugeniae 

14 Municipal, agricultural and mixed solid waste  Eudrilus eugeniae, Perionyx excavates 

15 Organic matter, moistened peat moss, crushed leaves, 

dried yard waste  

Eisenia foetida, Lumbricus rubellis 

16 Onion residue/waste  Eisenia foetida, Eudrilus eugeniae 

17 Paper mill sludge  Lumbricus rubellus, Eisenia foetida 

18 Press mud  Pheretima elongate, Eudrilus eugeniae, Eisenia 

foetida, Megascolex megascolex, Perionyx 

ceylanensis, Drawida willsi 

19 Bagasse, sugar cane trash  Drawida willsi 

20 Vegetable waste + floral waste  Eudrilus eugeniae, Eisenia foetida, Perionyx 

excavates 

 

For small holder farmers establishment of low maintenance vermicomposting unit helps in better management of manures, 

wastes generated from agriculture and food waste from kitchen in a better way as during vermicompost preparation around 

46% biomass can be reduced which can be further increased with use of efficient earthworm species (Lalander et al. 2015). 

Various studies conducted across the globe reported that the heavy metal content can be reduced in sewage sludge when a 

mixture of municipal solid waste and activated sludge was composted for 22 days followed by vermicomposting. 

Vermicompost generated from the mixture of wheat straw, dairy manure and saw dust have capacity to yield higher plant 

biomass and also it can be used for treatment of waste water residues in soils (Anwar et al. 2015). Other than this when 

vermicompost is prepared using crop residues along with cow dung using Eisenia fetida earthworm recorded higher 

concentration of N, P and K as compared to vermicompost prepared from kitchen wastes. The growth rate, population and 

mortality of earthworms in different composting materials vary as per the nature of composting material as higher growth rate 

is observed in crop residues and cattle dung-based materials over the industrial wastes. 

The waste generated from agro food industries has a great potential for using as substrate for preparation of vermicompost. 

Many researchers have shown preparation of vermicompost with the use of agro food industries waste along with cow dung 
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using Eudrilus eugeniae earthworm species in the ratio of 1:4 recorded higher plant growth, yield and better soil fertility and 

productivity. The vermicompost produced using agro food industries waste along with cow dung also recorded higher organic 

carbon content, increased N, P and K, lower pH and C/N ratio (Kavitha et al. 2010). 

Preparation of vermicompost from pre-decomposed bagasse generated from sugarcane industry using Eisenia foetida fasten the 

vermicomposting process through decrease in the total carbon and C/N ratio and increase the N, P and K content in the final 

product as compared to initial material. The vermicompost prepared from bagasse helps in higher water holding capacity, crop 

improvement, pathogen destruction (biocontrol) and generate plant growth promoters which ultimately increase crop yield 

and improve soil physcio-chemical and biological properties (Jaybhaye and Bhalerao 2016). 

Nowadays preparation of vermicompost from fruits and flowers wastes have been introduced in India as wastes from temples 

and fruit markets are rich in organic matter and biodegradable in nature. These materials are partially decomposed before 

introduction of earthworms to optimize their pH, C/N ratio, electrical conductivity and temperature. The vermicompost 

prepared from the flowers and fruit wastes have shown higher content of organic matter and other nutrients (Kohli and 

Hussain 2016). 

 

Conclusion 

As an old age practice, vermicomposting is not only well known in India but also throughout the world. For efficient, eco-

friendly and attractive treatment of the waste generated from various sources i.e. agriculture, industry and domestic 

vermicomposting is a sustainable approach over the other practices as in this practice the material is decomposed with the help 

of earthworms not burned or landfilled. For sustainable conversion and utilization of resources like crop residues, paper, 

manures, bio-solids and food wastes vermicomposting is an efficient technology. Nowadays commercial production of 

vermicomposting is also helping in employment generation. Both agricultural and horticultural production can be increased 

using vermicompost. However, there is need of scientific research on enhancing the growth rate of earthworms. 
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Introduction 

The word “Entrepreneur” is derived from the French verb ‘entrepredre’. It means ‘to undertake’. 

Genesis 

1. In the early 16th century the Frenchmen who organized and led military expeditions were referred as ‘Entrepreneurs’.  

2. In the early 18th century French economist Richard Cantillon used the term entrepreneur to business. Since that time the 

word entrepreneur means one who takes the risk of starting a new organization or introducing a new idea, product or service 

to society. 

3. Another pioneer worker are- Peter Drucker, J.B. Say, McLand. 

Definition 

Entrepreneur is the person who operates, organises and assumes the risk in a business in an expectation of making profit by 

introducing something new into the economy. 

3 elements 

1. Innovation 

2. Risk 

3. Organisation 

Characteristics of an Entrepreneur 

1. Need for achievement 

2. Risk bearing ability 

3. Positive self-concept 

4. Independence  

5. Hope of success 

6. No fear for failure 

7. Analytical ability of mind 

8. Ability to and explore opportunity  

9. Flexibility 

10. Optimistic 

11. Leadership ability 

12. Openness to feedback 

14. Communication skill 

15. Self confidence 

16. Decision making ability 

17. Innovativeness 

18. Time orientation 
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19. Stress taking ability 

20. Ability to mobilise resources 

21. Sense of efficacy 

22. Internal locus of control 

Entrepreneurship 

It is the character, practice or skill of an entrepreneur which refers to the process of identifying innovative ideas, products or 

services in the market place, mobilising resources to pursue this opportunity and investing the resources to exploit the 

opportunity for long term gain or benefit covering the risk. 

Characteristics of an Entrepreneurship 

1. Economic activity 

2. Creative activity 

3. Dynamic process 

4. Purposeful activity 

5. Risk bearing activity 

6. Innovative function 

7. Decision making ability 

8. Mobilisation of resources 

9. Process of accepting challenges 

10. Building organization 

Factors for Developing Entrepreneur 

1. Tradition of family and society 

2. Social, cultural and religious factors 

3. Psychological factor 

4. Political system 

5. Economic policy of government and financial institution. 

Difference between Entrepreneur and Entrepreneurship 

Entrepreneur Entrepreneurship 

Person Process 

Leader Process of leadership 

Risk taker Risk taking ability 

Organiser Organised form of initiative 

Decision maker Decision making ability 

Innovator Process of innovation 

Planner Planning process 

Administrator Process of administration 

Motivator Motivational activity 

  

5Ms 

1. Man  

2. Material 

3. Money  

4. Method 

5. Machine 
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Functions of Entrepreneurship 

1. Idea generation 

a. Product selection 

b. Project identification 

c. Market survey 

d. Capital building 

2. Determination of objective 

a. The nature of business  

b. The type of business 

3. Raising of funds 

a. Sources of funds 

b. Formalities or modalities 

4. Procurement of raw materials 

a. Cost and volume 

b. Regularity in availability 

5. Procurement of machines 

a. Manufacture and supplier details 

b. After sell services/ facilities 

c. The details of technology  

d. Installed capacity of the machines  

e. Whether the machines are indigenously made or foreign made 

f. Warranty period of the machineries 

6. Capacity building on volume of business 

a. Technical knowledge 

b. Manpower 

c. Criteria for selection and recruitment 

d. Capacity building 

7. Determination of form of enterprise 

a. Nature and volume of product 

b. Quality of product 

c. Investment 

8. Market research 

a. Demand-supply analysis 

b. Collection of data regarding the product which the entrepreneur wants to manufacture 

c. The price of the product 

d. The size of the customers 

9. Implementation of project 

a. Plan of work  

b. Calendar of operation 

 

 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            371 | P a g e  
 

Difference between Entrepreneur and Manager 

Factors Entrepreneur Manager 

Goal Take new venture Render service in existing enterprise 

Role / Status Owners of the enterprise Servants 

Risk High risk Very little risk 

Reward Profit Salary and bonus 

Continuity Discontinuous Continuous 

Innovativeness Innovative Executers of innovativeness 

Pre-requisites Mission and vision Qualification and experience 
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Cultural Method 

The cultural method is nothing but a kind of an agronomic practice, that a farmer practices for growing his crop we can say 

that this is a method where without making any kind of an additional expenditure so for managing the pest. Deep summer 

ploughing is a very common practice that a farmer practices for a fine tillage of the soil to keep the good aeration and as well 

which going to help very good plant vigour. But at the same time so this type of practice will also expose some of the, the pest 

stages which are hidden in the soil or resting in the soil, such as the pupae or the egg stage or whatever the stage for that matter. 

So, this will lead to the destruction of the pest before the crop actually raised. Then putting some kind of a Bird perches in a 

cropping area so which allows some of these insectivorous birds to perch on it so that they can actually pick these insects and 

then eat them. 

Mechanical Method 

It is a very common practise in which employing of the labour to collect and destroy the various pests’ groups or the pest stages 

such as, an egg mass or the larvae or sometimes the adults. So, this actually helps in reducing the pest population in the field. 

Pruning the affected part will leads to the destruction of the pest or use of the screens or the barriers especially to the fruits will 

protect them from the pest or extraction of the adult the pest from the crop. 

Physical Method 

The physical method includes the use of certain physical sources in order to either monitor it or combat the pest. Say for 

example so we have the Light traps. The light traps such as using an electric bulb or using a Petromax or some kind of a bonfire 

so what it does is basically so it attracts a lot of insects to these traps and then kills them. So, majority of you know the pest 

belongs to Lepidoptera. So, there is moths and moths are very active in the night, it will be very active, busy in mating and as 

well as laying eggs on the crop, will get attracted to these traps and so these adults are going to be killed. 

Biological Method 

Then another important method is a biological method. The better thing is that to create an environment in the cropping 

ecosystem which helps them or protects the natural enemies and makes them to colonize on the crop so which they can take 

care of it. So, these natural enemies may be there may be predators or parasitoids or even the microbial pathogens are going to 

suppress the pest very effectively.  

So these are all the different the ways by which the say for example the neem so, which is going to be used and the various the 

pest in a different agro-ecosystem , be it in the defoliator or the sucking pest or it might be an internal borer so the name is 

something like a common bio pesticide being used. 

Chemical Method 

Now-a-days we have many insecticides or synthetic insecticides which are quite pest specific of course eco-friendly, it's a green 

molecule we call that those can be employed and manage the pest population. So, all these methods need to be used judiciously, 

intelligently as and when it is required so that a combination of these methods will not only bring the pest population below 

the injurious level but also keep the environment and health of the non-target organism so clean and as well as safe. 
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Pea (Pisum sativum L.) is a major annual pulse crop of temperate region of the world and was originally cultivated in the 

Mediterranean basin. It is one of the most important multipurpose pulse crops and is the second most important food legume 

in the world after pigeon pea. But in the current scenario, the quality and production of pea limited due to destructive diseases 

such as Fusarium wilt, Rhizoctonia seedling blight, Bacterial Blight, Powdery Mildew, Downy Mildew, Root-knot nematodes 

and Pea rust etc., which are causing huge economic losses. 

Fusarium Wilt 

1. Causal organism: Fusarium oxysporum f. sp.  Pisi. 

2. Disease Symptoms: Two type of disease symptoms appear in pea plants i.e. true wilt and near wilt. In true wilt, Plants may 

become infected at any stage of growth. The first symptoms are usually a yellowing of the lower leaves and a stunting or 

dwarfing of plant growth. The stipules and margins of the leaflets curl downward and inward. The stems at or near the soil 

line may be slightly thickened and brittle. A cross section of the lower stem often reveals a lemon to orange-brown and finally 

black discoloration of the water-conducting tissue (xylem) within the stem. Affected plants may wilt and die either slowly or 

rapidly soon after the first symptoms are noted due to destruction of the feeder roots. Affected plants die more rapidly in very 

dry than in moist soils. In near wilt, plants may become infected at any stage of growth. Seedlings may emerge, collapse, and 

die. When slightly older plants are affected, a black canker develops on the stem close to where the seed is attached. The canker 

enlarges both upward and downward. Finally, the entire outer part (cortex) of the tap root may be affected. Aboveground 

symptoms are quite similar to those for Fusarium wilt. 

3. Environmental Factors: Near-wilt occurs later in the growing season than the other wilts because the optimum temperature 

for disease development is higher 26°C for near-wilt and 21°C for the other wilts. 

4. Integrated Disease Management:  

a. Avoid early sowing in badly infested areas. 

b. Sowing the crop in 1st and 15th November, when the soil temperatures are low for the development of wilts 

c. Use of resistant varieties like Early Badger, JP-15, GP-55, VL Mator-3, DRP-3, DRP-4, GP 17, GP 207, GP 447, Pusa 

Pragati and Franklin etc. 

d. Apply crop rotation four to five years  

e. Removal of the roots of the diseased plants which reduces the load of inoculum. 

f. Seed treatment with Talc formulation of T. viride @ 4g or P. fluorescens @ 10 g/kg seed (or) Thiram @ 3 g/kg of seed 

or with 0.1% Bavistein solution for 30 minutes. 

g. Soak the seed in 1:1 combined suspension of captafol (0.1%) and Captan (0.2%) for 30 minutes at 30°C completely 

controlled the disease. 

Downy Mildew 

1. Causal organism: Peronospora viciae 
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2. Disease symptoms: The symptom appears in plant at three-four leaf stage on the upper side of the foliage, lesions appear as 

irregularly shaped, yellow to brown areas with indistinct margins. In the underside of the foliage, these discolored areas have 

patches of mouse-colored, fluffy fungus and fruiting bodies. If the growing point of the plant becomes systemically infected, 

the upper portion of the plant becomes distorted and stunted. Such plants may turn yellow. In humid weather, the fungus 

fruits abundantly on the systemically invaded tissues. The disease may appear on pods, even if there are no foliage symptoms. 

Young pods are particularly susceptible. Several to many yellowish-brown diseased areas of varying size and shape appear on 

pods. 

3. Environmental Factors: Cool, moist weather favors rapid spread and disease development. 

4. Integrated disease Management: 

a. Collect and burn the infected plant before oospores formation  

b. Use of resistant varieties  

c. Follow three-year crop rotation  

d. Three sprays of Dithane M-45 @ 3 kg/ha at 10-12 days interval 

Powdery Mildew 

1. Causal organism: Erysiphe pisi 

2. Disease symptoms: First symptoms appear on the upper surface of the foliage as very small, slightly discolored spots. These 

soon give rise to white powdery areas which continue to enlarge. The white color and powdery appearance become more 

pronounced. Tissue beneath these areas may turn purplish, then brown. Multiple infections may cover the entire aboveground 

plant.  Severely infected plants are unthrifty and have poor yield and quality. Small, oval, black fruiting structures may form 

in mature lesions. 

3. Environmental Factors: The absence of rain and presence of at least slight dew favor disease development. Rain controls the 

disease by washing off the spores and causing them to burst instead of germinates. 

4. Integrated disease Management: 

a. Collect and burn the infected plant  

b. Deep ploughing should be done during May-June and follow crop rotation with non-legume crop 

c. Seed treatment (soaked in bacterial solution for 8hrs) along with a foliar spray of Pseudomonas fluorescens at pre 

flowering stage followed by a single spray of carbendazim @ 0.1% at pod development phase was found effective in 

reducing the disease incidence.  

d. Use of resistant varieties like Rachna, Pant P-5, DMR-11, HUP-2, JP-885, KFP-103, Ambika, Shubhra, Aparna, Azad 

P-4, Pusa Panna etc 

e. Sprays of Karathane @ 0.1% or Calixine @ 0.1% or sulfex @ 0.1% at 10-day interval 

Pea Rust 

1. Causal organism: Uromyces fabae 

2. Disease symptoms: The first symptoms appear in end of February with the development of aecia, which are round or 

elongated in shape. The leaves of infected plants exhibit many small, orange-brown pustules usually at the lower surface. 

Severely infected leaves wither and may drop from the plant. Larger pustules occur on the stems and isolated pustules may be 

found on the pods.  In case of severe infection may result in reduced seed size and may cause yield losses of up to 30 percent. 

3. Environmental Factors: Frequent precipitations, plentiful dews and air temperature of 20-25°C promote development. Dry 

and hot weather restrains the disease development. 

4. Integrated disease Management: 
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a. Disease free seed should be use for sowing 

b. Destruct diseased plant debris after harvesting  

c. Use of resistant varieties like Pant-8, VL-7, Arkel, Hans, DMR 11 and Type 163 etc. 

d. Seed treatment with Diclobutazole @2.5g/kg seed. 

e. Three sprays of Dithane M-45 @ 3 kg/ha at 10 days interval or one spray of Baycor @ 500 g/ha should be done to 

control disease. 

Rhizoctonia Seedling Blight 

1. Causal organism: Rhizoctonia solani 

2. Disease symptoms: The aboveground symptom of this disease is the death of the growing tip of very young pea seedlings. 

Rhizoctonia attacks up to 1⁄2 inch (1.3 cm) of the tip of the shoot just as it emerges through the soil and before leaves expand. 

Often one or two auxiliary shoots arise from the seed within a few days after the first. They may also become infected, or they 

may proceed to produce a normal (but later) plant. A tan to dark brown stem rot may occur near the ground surface area of 

pea seedlings. 

3. Environmental Factors: This disease requires warm temperatures, occurring most severely when surface soil temperatures 

are 24°–29°C. Because sandy soils warm up relatively rapidly, Rhizoctonia seedling blight is often more serious on these soils. 

Higher soil and air moisture are more conducive to the disease than drier conditions. 

4. Integrated disease Management: 

a. Crop rotation helps to reduce the buildup of the fungus in the soil 

b. Reduce soil compaction 

c. Plant seeds no more than 1 inch deep, as deep planting encourages Rhizoctonia infection.  

d. Because Rhizoctonia is parasitic on many crop plants, crop rotation is of little value. However, a four- or five-year 

rotation may be of some benefit 

e. Control soil insects and nematodes. These organisms weaken the plant, predisposing it to infection 

f. Use only high-quality seed, treated with captan, chloroneb or thiram 

g. If the field has a history of Rhizoctonia seedling disease, apply the fungicide Quadris, Terraclor or Ridomil Gold PC 

11G to the furrow and covering soil at planting. Refer to the label for further instructions 

Bacterial Blight 

1. Causal organism: Pseudomonas syringae pv. Pisi 

2. Disease symptoms: Lesions appear on all aboveground plant parts. They begin as small, water-soaked, oval spots. Individual 

leaf and stipule lesions enlarge to approximately 3 mm in diameter with an angular shape. Pod lesions are 6 mm or more in 

width, and stem lesions lengthen to resemble stem streaks. Lesions vary in color, but on foliage they generally turn brown, 

shiny, and translucent. Pod lesions, which may expand along either suture, slowly change from a water-soaked to greasy 

appearance with purplish-brown margins. Peas inside infected pods may develop brown discoloration. Long stem lesions turn 

brown with age. Multiple lesions often run together, forming large diseased areas which may cover large portions of infected 

plants. This may cause plants to look “blighted” and dry prematurely. 

3. Environmental Factors: Cool, overcast weather with high humidity promotes disease development. Warm, dry conditions 

slow the disease. 

4. Integrated disease Management: 

a. Crop rotation can be an effective method to avoid inoculum from a previously infected crop. 

b. Avoid early sowing 

c. Use resistant varieties  
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d. Foliar sprays of copper oxychloride @ 2.5% alone or in combination with streptocycline (200-500 ppm) was found to 

be effective 

e. The mixture of streptocycline (200-500 ppm) + carbendazim (0.2%) also give good protection. 

Root-knot Nematodes  

1. Causal organism: Meloidogyne incognita 

2. Disease symptoms: Root-knot nematode feed on tender roots and base of pseudo stem causing stunting, chlorosis, poor 

tillering and necrosis of leaves are the common aerial symptoms. Characteristic root galls and lesions that lead to rotting are 

generally seen in roots. The infested roots have brown, water-soaked areas in the outer tissues. Nematode infestation 

aggravates root rot disease. 

3. Environmental Factors: Nematodes survive in soil and infected roots as primary inoculums. Therefore, tissues from infected 

crops remaining in the field serve as a reservoir of the fungus. It spreads from infected plants or through soil. 

4. Environmental Factors: Warm, moist soil are favorable conditions. 

5. Integrated disease Management: 

a. Two to three deep summer ploughing at 10-15 days interval during May-June are very effective and kill most of the 

J2 in soil due to desiccation and exposure to high temperature. 

b. Use of plastic mulching can further enhance the efficacy of nematode control   

c. Crop rotations with non-host crops  

d. Seed treatment with carbosulfan 25 DS @3% a.i. 

e. The most commonly used biological control agents are Pochonia chlamydosporia, Paecilomyces lilacinus and Pasteuria 

penetrans  

f. Fumigants (such as 1,3-dichloropropene, methyl bromide and dazomet) are commonly applied as pre-plant 

treatments to reduce nematode numbers, but they must thoroughly penetrate large soil volumes to be effective. 
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Chilli is the major vegetable cum spice crop all over the world having highly nutritious vitamins, minerals and several volatile 

essential oils. India is one of the leading chilli producing country in the world. But in the current scenario, the quality and 

production of chilli limited due to destructive diseases such as damping off, Fruit rot and die back, Fusarium wilt, chilli leaf 

curl, bacterial leaf spot and cercospora leaf spot etc., which are causing huge economic losses. 

Damping off 

1. Causal organism: Pythium aphanidermatum 

2. Disease symptoms: Damping off is one of the major diseases in chilli which occur at nursery stage before or after the 

emergence of seedlings. The death of seedlings before they emerge out of the soil surface called as pre emergence damping off; 

whereas the death of seedling after the emergence of seedling from the soil termed as post emergence damping off. Initially 

water-soaked lesions forms at collar portion, which later turns brown. The collar portion becomes soft and rots ultimately plant 

to pale over collapse on to the ground. (Agrios, 2005). 

3. Survival and spread: 

a. Primary inoculums: oospores in the soil 

b. Secondary inoculums: zoospores through irrigation water 

4. Integrated disease Management: 

a. Avoid close spacing 

b. Maintain proper drainage condition 

c. Avoid excessive frequent irrigation 

d. Maintenance of optimum soil moisture 

e. Seed treatment with Captan / Thiram @2g/kg 

f. Treating the nursery beds with fumigants like Formalin or Methyl Bromide. 

g. Drenching of nursery beds with mixture of Dithane M-45@ 0.25% and Bavistin @ 0.1% 

Die Back and Fruit Rot 

1. Causal organism: Colletotrichum capsici 

2. Disease symptoms: Several small brownish circular spots appear on leaves which later turns into black color and coalese. 

Severely affected plants show defoliation. New growing tips of the infected plants wither and become necrotic flowers and 

pedicels also get infected and they drop off. (The infection slowly spreads to the fruits which usually show small yellowish to 

brown sunken spots which are depressed in centre (Datar, 1995). Severely infected fruits turn straw colored with numerous 

dark black fruiting bodies reducing the market value of fruits. Ultimately the severely affected fruits shrivel and dry. 

(Rangawamy, 1997). 

3. Survival and spread: 
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a. Primary inoculums: Mycelium and conidia in infected plant debris. 

b. Secondary inoculums: Conidia dispersed by wind splash rain. 

4. Integrated disease Management: 

a. Removal and destruction of infected plant debris 

b. Use of disease-free seeds as planting material 

c. Use of anthracnose resistant varieties like Seed treatment with captan/ thiram 3g/kg Punjab Lal, Bhut Jolokia and 

Taiwan-2 etc., 

d. Seed treatment with bioagent T.harzianum 4g/kg 

e. Maintaining proper drainage of the field 

f. Mancozeb @ 0.2% or carbendazim 0.1% sprayed for 2-3 times at 10-15 days interval 

g. Spraying of Difenconazole 0.1% for thrice at 15 days interval 

Fusarium Wilt of Chilli 

1. Causal organism: Fusarium oxysporum f. sp. capsici 

2. Disease symptoms: The symptoms of Fusarium wilt are vein clearing, wilting in younger leaflets, epinasty, stunting and 

yellowing of older leaves (wani et al. 2014 and Walker, 1971). The infected plants show vascular blackening due to blocking of 

xylem vessels leading to improper supply of water through the root which ultimately results in wilting of the plant. 

3. Survival and spread: Soil and implements 

4. Integrated disease Management: 

a. Maintain field sanitation 

b. Follow crop rotation with non-solanaceous crops 

c. Avoid excessive irrigation as the high soil moisture favours the pathogen 

d. Use of carbendazim 0.1% 

e. Fumigating the soil with Formalin or Methyl bromide 

Chilli Leaf Curl  

1. Causal organism: Tobacco leaf curl virus 

2. Disease symptoms: Both abaxial and adaxial surfeces of the leaves show curling. Pluckering and blistering of the interveinal 

areas. Veins become thick and get swollen. Plants show stunted growth due to shortening of internodal distance, the flower 

buds of infected plant abscise and drop off prematurely. 

3. Integrated disease Management: 

a. Field sanitation is required 

b. Rouging of the virus infected plants 

c. Removal of weeds and voluntary plants that harbour vectors 

d. Protect the crop in nursery beds from whiteflies by spraying Rogor @ 0.1% at 10 days interval 

e. Application of carbofuran granules @ 1.5 kg at the time of transplanting for the control of vector 

f. Foliar spray with Dimethoate @ 2ml per litre of water for 3- 4 times recommended 

g. Use of resistant varieties like Punjab Lal 

h. Planting of maize and sorghum as barrier crops for vector control 

Bacterial Leaf Spot of Chilli 

1. Causal organism: Xanthomonas campestris pv. Vesicatoria 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            379 | P a g e  
 

2. Disease symptoms: Leaves, stems including fruits of the plant get infected. Initially small circular water-soaked lesions 

appear on leaves which become brown necrotic spot with yellow halo, the sots coalesce and finally entire leaf turns chlorotic 

yellow and fall off. Slightly raised brown colour lesions appear on infected stems and fruits. 

3. Survival and spread: 

a. Primary inoculums: Seed borne bacterial cells  

b. Secondary inoculums: Bacterial cells dispersed by rain splash 

4. Integrated disease Management: 

a. Field sanitation is importation is required. 

b. Use healthy disease-free seeds as planting material 

c. Seed treatment with mercuric chloride @0.1% for 5 minutes is effective.  

d. Spray on seedlings with 1%Bordeaux mixture or copper oxychloride 0.25%. Seed treatment with agrosan GN @ 

2.5g/kg of seeds or ceresan @ 2.5 g/kg of seeds 

Cercospora Leaf Spot of Chilli 

1. Causal organism: Cercospora capsici 

2. Disease symptoms: A characteristic brown circular spot with greyish centre appears on the leaves. The spots will enlarge in 

size and coalesce with each other. The whitish centre portion of the spots slowly dries and fall of leaving a shot hole. 

3. Survival and spread: 

a. Primary inoculums: Dormant mycelium in infected plant debris 

b. Secondary inoculums: Wind borne conidia 

4. Integrated disease Management: 

a. Use of disease-free seed. 

b. Removal of infected plant debris, maintain field sanitation 

c. Provide only need based irrigation 

d. Seed treatment with Thiram@ 2g/kg of seeds 

e. Foliar spray with Mancozeb@ 0.25% or carbendazim 0.1% twice at 10 days interval 

f. Spray chlorothalonil (kavach)@ 1ml/ litre of water twice at 15 days interval 
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Foraging and Nesting Behaviour of Pseudapis oxybeloides, a Ground Nesting Wild Bee 

Pollinating Cashew 
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Introduction 

Pollination plays an important role in the reproduction and fruit set of flowering plant communities. Pollination success for 

many plants depends on the availability of wild bees (native bees). Pollinators increase not only yield but also helps in 

increasing the hybrid vigour and creating variation and maintaining the gene flow in the ecosystem. Effective pollination 

increases the yield of many crops and contributes to the conservation of many endangered wild flowers (Kwak et al., 1996). 

Knowledge on foraging and nesting behaviour of many of the wild bees are scattered and fragment. Much more studies are 

required to understand their requirements to devise conservation strategies for sustained pollination service. This present 

article describes about the foraging and nesting behavior of P. oxybeloides, a common pollinator of cashew (Anacardium 

occidentale L.) which is an andromonaecious tree crop having stick pollen requiring insects for pollination. 

Ground Nesting Bees 

Not all the bee species live in beehives as honeybees do. Some bees nest in dry woods, hollow stems, holes and some species 

on the ground. In fact, 70 % of all the 20,000 species of bees nest underground. Most halictid bees nest underground. Soil nesting 

species include Colletes spp., Agapostemon sp., Andrena sp., Halictus spp., Lasioglossum spp., Pseudapis spp. etc. Information on 

foraging and nesting behaviour are necessary to the understanding of population dynamics of native bees as well as to develop 

conservation strategies. Habitat requirements of solitary bees include nesting sites, food resources and nesting material. Nests 

of these ground nesting bees are easy to identify above ground because of the conical piles of dirt with a large hole in the 

middle that serves as the entrance to the bee burrows.  

Pseudapis oxybeloides Smith 

Pseudapis bees are a group of native bee species that do not produce honey but are 

to be important pollinators of crops and wild plants. There are about 70 named species 

of Pseudapis bees known from different parts of the world, particularly from Africa, 

Europe, Australia and Asia. Pseudapis oxybeloides is a common bee in India, Pakistan, 

Sri Lanka and Yemen. This bee is polylectic and gathers pollen and nectar from the 

variety of available flowers within a short distance from its nest. These bees are stout, 

have large tegula and pale bands in abdomen. It is a very good forager on cashew 

flowers collecting plenty of pollen grains. 

Foraging Behaviour of P. oxybeloides in Cashew 

Foraging activity of P. oxybeloides started on cashew flowers between 9.00 and 10.00 am depending on the sunshine. Peak 

foraging activity was noticed between 10.30 am and 1.00 pm, while, the activity was almost absent during evening hours. 

Though, P. oxybeloides bees visited cashew flowers both for pollen and nectar, primary reward was pollen (Sundararaju, 2000). 

The bees preferred freshly opened flowers, most commonly male flowers. Around 3-5 flowers were visited by a bee during a 

trip. Most of the times, the bees while on flight itself directly collected pollen grains from the anthers of long stamen of male 

flowers. Sometimes, bees collected nectar first and moved up to collect pollen. It was observed that bees touched the stigma of 

hermaphrodite flowers in flight during most of the times while moving among the flowers of inflorescence. Foraging speed 

ween 1-4 seconds per flower. Pollen load per bee was recorded between 502 and 998. 
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Table 1. Foraging activity of P. oxybeloides in comparison with Apis cerana indica on cashew: 

Pollinator species Foraging rate (Nos /trip) Foraging speed (sec) Peak foraging hours 

Mean Range Mean Range 

A. c. indica  11.2 6-20 3.0 1-4 10.00 am -3.00 pm 

P. oxybeloides  3.9 3-5 3.1 1-4 11.00 am -1.00 pm 

 

Table 2. Foraging reward of P. oxybeloides in comparison with A. c. indica on cashew: 

Bee species Foraging reward Preferred flower 

♂/♀ Fresh or old 

A. c. indica  Nectar > pollen Both Fresh > a day old 

P. oxybeloides  Pollen>Nectar ♂ > ♀ Fresh 

A study by Gathman and Tschrntke (2002) showed that several solitary wild bees have a maximum foraging range between 

150 and 600 m and the bees do not exploit nectar–pollen resources distant from their nesting sites.  

Fig. 2. P. oxybeloides (left) loaded with pollen grains, right one (Pseudapis sp.) without pollen grains. 

Nesting Behaviour of P. oxybeloides 

Halictinae have diverse nest types, including series of cells, scattered cells and clusters of cells. Interestingly, nesting sites of P. 

oxybeloides were located in the ground, sides of water passages in the cashew plantations and also in lateritic stone surface on 

ground without thick vegetation. Conservation of such nesting sites need to be taken care to protect this bee species.  It is a 

quasi-social and ground-nesting bee; prefers sandy, alkaline soil with little vegetation (Parker et al., 1986). The main burrow 

(3.0–3.5 mm in diameter) is vertical, un-branched and lined with a water-repellent secretion. The nest runs to a depth of about 

51 cm (Batra, 1966).  

Destruction, deterioration and fragmentation of habitats in agricultural landscapes may disrupt the interactions between wild 

bees and their resources (Day, 1991; O’Toole, 1994) which will lead to loss of species diversity and related ecosystem functions. 
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Fig. 3. Nesting sites of P. oxybeloides 

Conclusion 

Foraging and nesting behavior of most of the native bees are fragmentary, and clearly much more work needs to be done to 

understand clearly about their requirements. Conservation of native bees is very important for sustained crop production. 

Floral species rich habitats can provide wild bee species both nesting places and food resources and thus help in protecting 

bee’s diversity. Further, minimum tillage and reduced insecticide use will help to increase populations of soil nesting bees. 
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Introduction 

Breeding of crops over millennia for yield and productivity has led to reduced genetic diversity. As a result, beneficial traits of 

wild species, such as disease resistance and stress tolerance have been lost. CRISPR–Cas9 genome engineering strategy has 

been devised to combine agronomically desirable traits with useful traits present in wild lines and served an important purpose 

to combat these problems for some time. 

Advantages of using CRISPR / Cas 9 

1. Precise and predictable modifications directly in elite cultivars or accessions, saving the time-consuming backcrossing 

procedure in conventional breeding schemes.  

2. With multiple traits being modified simultaneously by using multiple gRNAs for each target gene.  

3. Useful to knock out redundant genes or parallel pathways due to ease of multiplexing. 

Technical Pitfalls in using the CRISPR / Cas9 System 

1. Problem of off-target effects: introduce unexpected mutations.  

a. Reason: improper concentration ratio between Cas9 and sgRNA  

b. Optimal mutagenesis was observed in a Cas9: sgRNA ratio of 1:1 

2. Promiscuous PAM sites may lead to undesired cleavage of DNA regions.  

3. Exogenous promoters for Cas9 and sgRNA expression, vectors with optimal promoters should be selected. 

Examples 

1. Dicots  

a. 35S promoter of cauliflower mosaic virus (CaMV) - Cas9 expression 

b. U6 promoter - sgRNA  

2. Monocots  

a. 35S and Ubi - Cas9  

b. Different promoters are used for sgRNAs in different species 

c. Same gene family members may complicate target sequences to be edited.  

Potential Application 

1. It is an efficient gene editing model with single guide RNA (sgRNA) and different functional     cas protein or protein complex 

2. Delete any sequence including large chromosomal fragments or even the entire chromosome via paired-sgRNA  

3. Achieve any base substitution  

4. Add genes that do not exist in the original genome 

5. Create multiple different alleles of any gene  

6. Activate or suspend the function of any gene 

Why there is a Need for de novo Domestication? 

(de novo: starting from the beginning) 

Breeding for monogenic traits with mendelian inheritance are relatively straightforward but the traits which are polygenic 

basis such as abiotic stress resistance are more difficult to harness. Wild relatives of crops harboring polygenic stress resistance 
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genes or other traits of interest could be de novo domesticated by manipulating monogenic yield-related traits through art of 

gene editing techniques. Because valuable polygenic traits present in wild relatives (such as abiotic stress resistance) is diffuse 

and difficult to manipulate. de novo domestication is the introduction of domestication genes into non-domesticated plants. 

So, instead of introducing alleles from wild relatives into cultivated crops, as in classical breeding or in modern “rewilding” 

and “back-to-nature” crop breeding is done in de novo domestication. 

Aim 

To manipulate monogenic domestication-related traits in wild relatives of crops to domesticate them de novo and harness their 

adaptation to adverse environments. 

Pre-requisite for Molecular Design 

1. Raw material: Wild relatives - adapted to challenging environments 

2. Effective methods for delivery of DNA into a species of interest  

3. Knowledge of the genetic basis of the traits to be domesticated in the crops of interest 

4. Precise knowledge of plant physiology and molecular genetics.  

5. Gene editing techniques 

The Main Hurdles to be Overcome 

1. Self-incompatibility 

2. Exerted style 

3. Highly alkaloid accumulation in the fruit 

Wild Relatives of World’s Top Crops with Potential for de novo Domestication 

Crop Wild relatives with domestication potential Relevant traits 

Maize (Zea mays)  Teosinte and Tripsacum  Biotic and abiotic stress resistance 

and apomixis  

Wheat (Triticum aestivum)  Triticum dicoccoides, T. turgidum L. ssp. durum  Grain protein. Low molecular 

weight gluteins  

Rice (Oryza sativa)  Oryza rufipogon, O. longistaminata  Tolerance to aluminium and 

drought avoidance  

Potato (Solanum tuberosum)  Solanum demissum  

S. stoloniferum  

Disease resistance (late blight)  

Cassava (Manihot esculenta)  Manihot glaziovii, M. neosana  Enlarged roots and apomixis   

Soybean (Glycine max)  Glycine soja  Improved root architecture  

 

Benefits 

1. Great precision and accuracy 

2. Short time variety development 

3. Higher nutrition value 

4. Resistance to biotic/abiotic stresses 

Challenges  

1. Limited information on wild relatives  

2. Transformation of wild relatives 

3. Protocol optimization  

4. Fitness cost 

precludes self-pollination and seed 

production overcome by creating null alleles 
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Conclusion 

More efficient approach for gene pyramiding with multiple traits being modified simultaneously. 

CRISPR/Cas9 provides alternative approaches for delivering target genes into crops with no transgenic footprint. With NHEJ-

mediated gene knockouts negative regulators of yield and disease resistance can be modified to increase crop productivity and 

equip the host with resistance to targeted pathogens. 
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Contract Farming: An Approach for Taking Stakeholders on A Higher Plane 

Article id: 23736 

K. D. Tankodara: Ph.D. Scholar, Department of Agricultural Extension & Communication, AAU- Anand. 

 

Historical Background 

1. For the first time it was introduced in Taiwan in 1895 by Japanese government. 

2. Europeans first introduced indigo and opium cultivation in the Bengal Region, under the East India company rule. 

3. In India, it was introduced by Pepsi company for the cultivation of vegetables particularly tomato and potato in Punjab in 

1927. 

4. Emergence of seed companies during the 1960s, the green revolution during the 1970s and finally the tomato farming 

contracts by PepsiCo in Punjab during the 1990s can be quoted as some of the milestones in the emergence of contract farming 

in India. 

Meaning of Contract Farming 

It is an agreement between farmers & processing and marketing firms for the production and supply of agricultural products 

under certain agreement, frequently at predetermined prices. 

Objectives of Contract Farming 

1. To achieve consistent quality 

2. To achieve regular supply 

3. To improve quality of produce 

4. To stabilize the agro-raw produce  

5. Price is not affected by market prices 

Need for Contract Farming in India 

1. Production and marketing are very critical in India. 

2. Overcome inadequate linkages with market. 

3. Lack of capital, poor infrastructure, technology transfer etc. 

4. To avoid post-harvest losses. 

5. Unfavorable conditions for procurement. 

6. To avoid migrations. 

Types of Contracts 

1. Marketing contract: 

a. Only purchases at predetermined price. 

b. No input supply. 

2. Partial contract: 

a. Provides only some inputs at predetermined price. 

b. Purchase of produce. 

3. Total contract: 

a. All the inputs at predetermined price. 

b. Purchase of produce. 
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Models of Contract Farming in India 

There are mainly three models of contract farming which are mentioned as below: 

1. Bipartite Agreement model: 

 

2. Tri-partite Agreement Model: 

 

3. Quad-Partite Agreement Model:  
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Benefits of Contract Farming to the Farmer: 

1. Assured markets & returns. 

2. Risk elimination due to price fluctuation. 

3. Timely transport. 

4. Reduces exploitation from middlemen. 

5. Reduces lending from private money lenders. 

6. Adequate input supply. 

7. Employment generation. 

Benefits of Contract Farming to the Company: 

1. Uninterrupted & regular flow of raw material. 

2. Protection from fluctuation in market pricing. 

3. Long term planning made possible. 

4. Builds long term commitment. 

5. Dedicated supplier base. 

6. Generates goodwill for the organization. 

Importance of Contract Farming: 

1 Stable income, higher income than non-contract farming. 

2. Market certainty. 

3. Delivery service for inputs. 

4. Ease of obtaining input. 

5. Loan made available through financial institutions. 

6. Learning new technology. 

7. Quality development. 

8. Improved access to local markets. 

9. Assured and often higher returns. 

10. Enhanced farmer access to production inputs. 

11. Mechanization and transport services. 

12. Introduction of appropriate technology. 

13. Skill transfer guaranteed and fixed pricing structures etc. 

Problems in Contract Farming: 

1. Faced by the Farmers:  

a. Possibility of greater risk 

b. Outdated technology and crop incongruity 

c. Maneuvering in quotas and quality specifications 

d. Corruption 

2. Faced by the Sponsors: 

a. Limitation on land availability 

b. Social and Cultural constraints 

c. Farmers disgruntlement 

d. Below quality agro-inputs 

e. Sale of crops by the farmers beyond contractual agreement 

Issues and Concerns: 

1. Soil fertility concerns 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            389 | P a g e  
 

2. Environmental issues 

3. Food security concerns 

4. Seed problems 

5. Labor problems 

6. Contract disputes 

7. Middle man’s influence 

Future Strategies for Contract Farming: 

1. Involvement of Panchayats or Gram sabha. 

2. Improve bargaining power of the farmers. 

3. The selection of appropriate plant genotype. 

4. Minimum necessary infrastructure facilities. 

5. Bank finance to small and marginal farmers. 

6. Contracts should be managed in clear and participatory manner. 

7. Legalization of tenancy. 

8. Does not grow beyond certain limit which will destroy biodiversity and agricultural ecology. 

9. Updated database of contract farmers along with other relevant details. 

10. Agreements written in vernacular language. 

11. Liability of the contractor for any environmental losses should be fixed by the government. 

Conclusion 

On the basis of above-mentioned brief information, it will useful for the various stake holders involve in agriculture like 

farmers, planners, policy makers etc. for planning, decision making and their other works and ultimately it will help them for 

their financial as well as social development. 
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Introduction  

Gene flow is a natural characteristic of all living organisms permitting the pass on of genes to the subsequent generations and 

it is the root of genetic evolution. Generally, gene flow is limited within species or to sexually compatible closely related species. 

In extremely unusual cases genes can also be transmitted among species that are sexually incompatible and this is known as 

horizontal gene transfer. The rapid growth of transgenic Biotechnology has considerably encouraged the production and 

cultivation of transgenic crops. The worldwide transgenic crop cultivation has great benefits that provide opportunities for 

resolving the current and future problems of world food security, but it has also awakened huge biosafety concerns. The 

transgenic crop contains cisgene (gene is obtained from the same species or a sexually compatible species,) or a transgene, (gene 

obtained from a sexually incompatible species with the host). In case of the crop containing a transgene, a novel gene and this 

may represent some biosafety concern, as this transgene can be transferred to any sexually compatible species by hybridization 

is called gene flow or transgene escape. The potential environmental effects created by probable transgene flow from a 

transgene crop to its non-transgene crop (crop-to-crop) and weedy or wild relatives (crop-to-wild) through gene flow are the 

major debated biosafety concern. Evidence has demonstrated that unintentional transgene flow takes place in cotton, maize, 

creeping bentgrass, and oilseed rape. Gene flow can take place by three possibilities: Via pollen, seed, and vegetative-

propagule. Concern about the gene flow and its potentially negative environmental impact of transgenic crops presently 

restricts their widespread acceptance. With the advancement in molecular biology, various bio-containment technologies are 

available to stop possible transgene gene flow. Transgene bio-containment strategies are an effective way of avoiding negative 

environmental impact caused by transgene escape. 

Impact of Gene Flow 

There are major concerns among the public, environmental activists and scientific community that transgenic crops threaten 

the environment, non-transgenic agricultural crops, human health, socio-economics and, ethics. Transgenic crop cultivating 

nearest to non-transgenic crops may possibly disperse pollen and seeds could contaminate seed storage or edible crops. 

Contamination concerns in the food industry, could be affected economically and lose public confidence. It has an impact on 

international trade among countries that have restrictions on importing transgenic commodities. 

As well predicted potential negative environmental effects, for instance, loss of genetic variations in wild relatives and 

landraces, development of new weeds, change of fitness-related characters, due to crop-to-crop and crop-to-wild transgene 

gene flow. Through pollen a transgene can transfer from a transgenic crop into a wild relative, and continue or distribute in 

the population of a wild relative through further hybridization and introgression among the transgenic crop and wild relative. 

If a transgene can able to express and perform in wild plants as it performs in the transgenic crop, the transgene may modify a 

certain trait (e.g., herbicide tolerance and insect resistance) of the wild plants, perhaps it leads an additional undesired 

consequence. If a transgene can be able to alter the fitness of wild populations, the hybridization, and introgression of the 

transgene in the wild relatives may lead to local extinction of the population, by the so-called “swarm effect” (in the case of 

reducing the fitness of wild plants), or make the wild population more invasive and competitive (in the case of increasing 

fitness of wild plants). 

1. Chloroplast transformation: Maternal inheritance of chloroplasts in plants and mitochondria in an animal are a well-known 

fact. If we transform transgene in chloroplast instead of the nucleus, as chloroplasts are maternally inherited as a consequence 

pollen-mediated transgene transfer is avoided. But the success of chloroplast transformation to avoid gene flow is restricted in 
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a few plants, as a biparental inheritance of plastids and movement of the transgene from the chloroplast to the nucleus is 

known. 

This strategy has been `exploited in several transgenic crops such as soybean and cotton.  

2. Male sterility: Interference in the development of reproductive organs in crops with genetic engineering or mutagenesis for 

interrupting gene flow. There are many sites in the reproductive organs that could be modified for intervention. For instance, 

the tapetum is specialized tissue composing the anther and functions in the formation of pollens, it synthesizes proteins that 

help in pollen development. Genetic manipulation in tapetal cell differentiation and function destroys the tapetum during 

another development, stop pollen formation. This strategy has been commercially utilized in Canola. 

3. Seed sterility: Genes in the endosperm and embryo related to seed development and germination may also be manipulated 

to attain gene containment is named as terminator technology. It is a kind of genetic use restriction technology (GURTs) is 

designed to control plant fertility or seed development through a genetic process controlled by chemical inducer that allows 

the plant to grow and produced the seeds, but will prevent the seed germination by producing the sell toxin by its embryo 

hence it also known as suicide seed/gene or terminator technology. 

4. Cleistogamy and apomixes: In many plants, pollination and fertilization takes places within the flowers remaining 

unopened, a process called as cleistogamy. The transgenic crop can be engineered to show cleistogamy that would be avoiding 

a risk transgene flow. Crops that produce seeds without fertilization are called as apomixes. Apomixes occur naturally in some 

plant species. One more option is to engineer crops to produce seeds without fertilization. It is potential method that could be 

exploited to generate transgenic crops which avoiding the risk of transgene flow with no compromising seed or fruit 

production. 

5. Spatiotemporal gene expression control: A strategy to physically eliminate the transgene prior to flowering occurs and 

switching on a transgene when a crop is not in flower. That would be attained by using fruit-specific or chemically inducible 

promoters to start expression of a site-specific recombinase gene (Cre) that would eliminate a transgene prior to flowering.  

6. CRISPR system: The flow of transgenes from transgenic crops or unintentional seed dispersal could be avoided by using a 

CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) system. The strategy could be to precisely eliminate the 

transgene subsequent to the required protein has been produced for the desired mutation/alteration.  

7. Transgenic mitigation: This genetic engineering approach aims to decrease fitness of closely related volunteer plants (weed 

plants). A tandem transgenic construct comprising of the gene of interest and one or more genes that are advantageous or 

neutral to crop plant but harmful to weedy relatives is used. The construct called TM construct carries the targeted transgene 

flanking the two tandomly arrange TM genes thattarget secondary dormancy. Secondary dormancy is a unique characteristic 

of weeds thus these gene products only affect the development of weed but there is no effect on the crop. This approach is 

generally used in the development of herbicide resistant transgenic crops which reduces the development of superweeds. 

8. Genome incompatibility: There are a number of cultivated species of the single crops are available and each has a different 

genetic constitution called as multiple genomes of a crop. The risk of transgene transfer into weeds can be reduced by releasing 

only those transgenic lines with incompatible genomes. Incompatible genomes mean the inability of two plants to hybridize 

which results in escape of transgene transfer to another plant. However, this approach is not applicable to all crops as it requires 

detail knowledge of genetic composition of each crop species. 

Conclusions 

Presently there is a lack of data on the negative environmental impact of some GM traits. However, it is expected that regulatory 

restrictions will more focus on gene containment systems that will need to be developed for future transgenic crop releases. A 

combination of the aforesaid strategy will be required for successful transgene containment. Transgenic crops with successful 
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biocontainment technology will minimize gene flow and its potentially negative environmental impact of transgenic crops 

leading to their widespread acceptance. 
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Introduction  

Latin words quarantum; quaranta giorni 

Quarantine: 40 days. 

Definition 

A legal restriction on movement of agricultural commodities for the purpose of exclusion, prevention or delay in the 

establishment of plants, pests and diseases in the area where they are not present. 

Plant quarantine is thus designed as a safeguard against harmful pests/pathogens exotic to a country or a region. 

Following Points Are of Important of Plant Quarantine 

1. A number of foreign pests entered subcontinent in the early twenties because of inadequate quarantine control. 

2. The significance of Plant Quarantine has increased in view of Globalization and liberalization in International trade of plants 

and plant material in the wake of Sanitary and Phytosanitary (SPS) Agreement under WTO. 

3. Prevent the introduction and spread of exotic pests that are destructive to crops by regulating/restricting the import of 

plants/plant products. 

4. To facilitate safe global trade in agriculture by assisting the producers and exporters by providing a technically competent 

and reliable phytosanitary certificate system to meet the requirements of trading partners. 

5. Pathogens of minor consequence in their native environments may be destructive in a new environment. 

6. Plant Quarantine is vital to prevent the introduction of non-indigenous pests and diseases into a country, or to intercept and 

eradicate them before they can be widespread and well-established. 

History of Plant Quarantine in the World 

1. Mid-1600s: a group of French farmers noted that wheat rust was always more severe on wheat near barberry bushes than 

away from them. 

2. 1660: a law was enacted in Rouen, France, ordering the eradication of barberry plants from the vicinity of grain fields. 

3. French Govt. promulgated the first plant quarantine law in 1860 to suppress and prevent the spread of common barberry, 

the alternate host for wheat rust.  

4. Great Irish Famine 

a. 16th Century- Potato introduced as garden crop 

b. Late 17 century – Supplementary food 

c. Early 18 Century – Staple food 

d. 1843-44 New disease noticed after which in 1845 Complete failure of crop due to Late blight of potato (Phytophthora 

infestans) 

e. Impact (1845-1854) occurred as lead to Great Famine and death of 1 million due to starvation and 1 million migrated. 

5. 1891: the first plant quarantine measure was initiated in US by setting up a seaport inspection station at San Padro, California. 

6. 1912: the US Congress enacted the Federal Plant Quarantine Act, which among other things, prohibits the entry of plants 

into the United States. 
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7. It was Phylloxera gall louse (Phylloxera vastatrix) that provided the initial stimulus for the establishment of effective 

international cooperation on plant disease legislation. The aphid was introduced into Europe from America about 1865 and 

caused major losses in the vineyards of France. 

8. The first international plant protection convention, the Phylloxera convention was signed at Berne on 3 November 1881. 

9. Due to Downy mildew infection in grape vine, French Government in 1913 passed regulation to ban the import of planting 

materials from America. 

Origin of International Plant Quarantine Agreements 

1. Early PQ Regulations: Initially started as Prohibition 

2. 1878: First conference of meeting at Berne, Switzerland attended by France, Austria, France, Germany, Italy, Portugal, Spain 

and the outcome “International Convention on Measures to be taken against Phylloxera vastatrix” 

3. 1914: First effort towards international agreement of plant protection in 1914 

4. 1919: 50 countries participated & finalized – issuance and acceptance of ‘Phytosanitary Certificate’ 

5. 1951: FAO sponsored IPPC,  

6. India became a member in 1952. As of now 182 countries are members. 

History of Plant Quarantine in India 

1. The development of the new Plant Quarantine (Regulation of Import into India) Order, 2003 (referred to hereafter as “the 

new Order") reflects the primary plant quarantine concerns of the Government of India. 

2. These are: 

a. To prevent the introduction and spread of exotic pests that are destructive to the country by regulating the import 

of plants and plant products through adequate policy and statutory measures 

b. To support India's agricultural exports through credible export certification 

c. To facilitate safe global trade in agriculture by assisting producers, exporters and importers and by providing 

technically comprehensive and credible phytosanitary certification. 

Agencies Involved in Plant Quarantine 

1. Directorate of Plant Protection, Quarantine and Storage, Faridabad 

2. National Bureau of Plant Genetic Resources (NBPGR), New Delhi 

3. Crop specific Research Institutes of Indian Council of Agricultural Research (ICAR). 

4. Head of Plant Pathology Division of State Agricultural Universities (SAU) 

5. State Agricultural and Horticultural Departments 

Directorate of Plant Protection, Quarantine and Storage (DPPQS) 

1. Established (1946) as an attached office under Department of Agriculture and Cooperation (DAC), Ministry of Agriculture, 

Government of India 

2. Headquarters: Faridabad - 121 001 (Haryana) 

3. Head: Plant Protection Adviser 

4. The organization handles bulk import and export of seed and planting material for Commercial purposes. 

5. PQ mandates 

6. Legal prevention of pests of quarantine significance. 

7. Eradication, suppression and containment of exotic pests. 

8. Fulfilling obligations of importing countries by certification of exportable plants /plant products. 

National Bureau of Plant Genetic Resources (NBPGR) 

1. Establishment: January 1976 

2. Headquarters: New Delhi 

3. Web: www.nbpgr.ernet.in  
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4. The national nodal agency for exchange of germless, material of agri-horticultural and Agri- silvicultural crops for research 

purposes in the country. 

5. It has also been entrusted with the quarantine responsibilities in respect to germplasm of their crops. 

6. The Director of NBPGR has been empowered to issue “Permits” for imports of seeds /planting materials for Research 

purpose. 

Plant Quarantine Stations 

1. National Plant Quarantine Station (NPQS), Rangapuri, New Delhi 

2. Regional Plant Quarantine Stations: Amritsar, Chennai, Kolkata, Mumbai 

3. 75 Notified points of entry at various Seaports (42), Airports (19) and Land frontiers (14) 

4. 65 Inland Container Depots 

5. 11 Foreign Post Offices 

Inspection Procedures Followed in Plant Quarantine Stations 

1. Visual inspection - To detect Sclerotia, nematode galls, bunt galls, smuts, insect infestations, weed seeds, insect eggs, inert 

mater etc. 

2. X-ray test - Insect infestation (hidden) 

3. Washing test - Spores of fungus eggs of insect adhering to seeds, nematode galls 

4. Sedimentation test - Stem eelworm (Ditylenchus dipsaci) (Baerman Funnel Test) 

5. Incubation test - Seed borne fungi/ bacteria (Blotter/agar test) 

6. Grow out test - Seed borne bacteria/viruses/downy mildews 

7. Electron microscopy – Potentially used for identification and characterization of all plant viruses. 

8. Serological methods: ELISA, DIBA, ISEM, Agglutination test. 

9. Nucleic acid hybridization 

10. Polymerised Chain Reaction (PCR) 

Domestic Quarantine 

Domestic Quarantine may be defined as the restriction imposed by Plant Quarantine authorities in association with State 

machinery on the production, movement and existence of plants and planting material and is brought under regulation in 

order to prevent the introduction or spread of a pest. 

Fumigation 

Fumigants like methyl bromide, HCN, phosphine and EDCT (ethylene dichloride + carbon tetrachloride mixture) are 

commonly used for this purpose. 

The International Plant Protection Convention (IPPC) 

1. IPPC is a multilateral treaty for international cooperation in plant protection. 

2. Establishment: 1952 

3. Headquarters: Rome, Italy 

4. Members: 182 

5. IPPC work: standards on pest risk analysis, requirements for the establishment of pest-free areas, and others which give 

specific guidance on topics related to the SPS Agreement. 

Pest Risk Analysis 

1. Pest risk analysis (PRA) is a process which helps to assess the risks of entry, establishment and spread potential of exotic 

pests. 

2. PRA helps to identify the options to prevent the entry and management options in the event of pest establishment. 
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Pest Surveillance in Plant Quarantine 

1. Pest surveillance should be an integral component of plant quarantine services to make them useful and effective. 

2. Pest surveillance is essential to detect occurrence of exotic pest/disease in the early stages of their introduction so as to 

adopted and enforce domestic quarantine regulation to ward off their further spread or to check the movement of seed and 

seed material to other areas. 
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Soil Carbon Sequestration - A Way to Mitigate Climate Change Impacts 
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Abstract 

Climate change is among the major global issues of the 21st century. Carbon sequestration refers to the capture and long-term 

storage of carbon dioxide in forest, ocean or in deep geological formations to reduce the concentration of CO₂ in the atmosphere. 

Soil, vegetation and the ocean are considered potential sinks of carbon dioxide. Soils are the largest carbon reservoir of the 

terrestrial carbon cycle. It stores large amount of soil organic carbon. Soil management techniques like increasing soil organic 

matter, reduced tillage, manuring, residue incorporation, improving soil biodiversity, aggregation, and mulches plays 

important roles in soil sequestration carbon. Growing crops in rotations over mono cropping and following crop rotations leads 

to increase in soil carbon storage. Minimum tillage and conservation tillage practices as well as incorporation of residues 

increases the soil carbon content significantly Addition of organic manures and fertilisers, following agroforestry and tree 

planting, revegetation of degraded land and following various land use options also lead to increase in soil carbon storage. 

Application of soil amendments helps in improving soil characteristics and also prevent CO₂ and methane emissions.Soil 

Carbon sequestration is certainly a step in the right direction to improve soils, increase crop yield and mitigate climate change 

through judicious land use and recommended management practices (RMPs) but decisions about soil carbon sequestration 

require careful consideration of priorities and tradeoffs among multiple resources. 

Introduction 

Climate change is flattering a distressing issue today due to increasing amount of green-house gases (GHGs) in the 

atmosphere.Anthropogenic activities have led to notable changes in the earth’s climate including increase in the global 

temperature over the 20th century. The Inter-governmental panel on climate change has projected a temperature increase of 

0.5-1.2°C by 2020, 0.88-3.16°C by 2050 and 1.56-5.44°C by 2080 for India. The corresponding CO2 concentrations are expected 

to be 393, 543 and 789 ppm in year 2020, 2050 and 2080, respectively (IPCC, 2007). Climate change is attributed to increase in 

atmospheric concentration of several GHGs by fossil fuel combustion, land use change and deforestation, and human induced 

soil degradation. Whereas the contributions of fossil fuel combustion to increase in atmospheric concentration of GHGs are 

known, those of terrestrial ecosystems are not widely recognized either in relation to emissions (by deforestation and soil 

cultivation) or C sequestration by ecosystem restoration, conversion to judicious land use and adoption of RMPs in managed 

ecosystems. Recent reports from the Intergovernmental Panel on Climate Change (IPCC) suggest that even ifsubstantial 

reductions in anthropogenic carbon emissions are achieved in the near future, efforts tosequester previously emitted carbon 

will be necessary to ensure safe levels of atmospheric carbonand to mitigate climate change (Smith et al. 2014). 

The CO2 is a sole GHG which traps long length wave radiation reflected from the earth’s surface and doubtless the only one 

that has a major role in plant physiology. Increased stage of CO2 be capable of basis the stomata of the plants to close partially 

which reduces transpiration. CO2 causes 7.5 percent of the total global warming. Soil, vegetation and the ocean are considered 

potential sinks of carbon dioxide because of the large quantities of carbon dioxide currently sequestered in these pools and 

their capacities to continue taking up carbon dioxide. Photosynthesizing vegetation takes up carbon dioxide and sequesters it 

as biomass carbon in the terrestrial carbon pools of the soils. The restoration of soil quality through carbon sequestration is 

major concern for tropical soils. The accelerated decomposition of soil organic carbon due to agriculture resulting in loss of 

carbon to the atmosphere and its contribution to the greenhouse effect is a serious global problem. 

Atmospheric CO₂ Emissions (%) from Human Activities Since 1850 

Primary Causes:  

1. Burning fossil fuels: 65.5% 

2. Land clearing for agriculture: 19.3% 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            398 | P a g e  
 

3. Land conversion to cropland: 9.7% 

4. Deforestation: 5.5% 

Carbon Sequestration 

Soil C sequestration is a low hanging fruit, and a bridge to the future until low-C or no-C fuel sources take effect. In the current 

greenhouse cause a created and great concern that has led to several studies on the qualities, kinds, giving out and behaviours 

of Soil Organic Carbon (Velayuthamet al., 2005). The organic matter content in soils varies significantly depending on climate 

soil type and land use system. Decay of organic carbon was largely resolute by soil warmth and precipitation. Carbon 

sequestration is squeezing of carbon out of the atmosphere and its absorption and storage/uptake in a terrestrial or aquatic 

body. Capturing and storage carbon in biomass and soils in the agriculture, horticulture and forest sector has now gained 

prevalent reception as one potential greenhouse gas mitigation strategies. 

Carbon sequestration in terrestrial ecosystems can be defined as the net removal of from CO₂ the atmosphere and its storage 

into long-lived pools of carbon. The pools can be living, above ground biomass (e.g. Trees) products with a long, useful life 

created from biomass (e.g. lumber), living biomass in soils (e.g. roots and microorganisms) or recalcitrant organic and inorganic 

carbon in soils and deeper subsurface surroundings. 

Enhance density of C in the soil and depth of C in the profile, decrease decomposition of C and losses due to erosion are 

important measures to increase the soil organic carbon. Therefore, the strategy of C sequestration in soil and biota is an 

imperative option that requires a critical and purpose evaluation vis-à-vis other technological options of stabilizing the 

atmospheric CO₂ concentration. 

Ways that Carbon can be Sequestered: 

1. Geological sequestration: Underground 

2. Ocean sequestration: Deep in ocean 

3. Terrestrial sequestration: In plants and soil 

Geological Sequestration 

Geologic carbon sequestration is a method of securing carbon dioxide in deep geologic formations to prevent its release to the 

atmosphere. Carbon dioxide can be captured from stationary sources, such as power plants and other large industrial facilities, 

compressed to a fluid state, and injected deep underground into permeable and porous geologic strata in which it will remain 

isolated for long periods of time.  

The geologic formation in which the gas is stored must be overlain by another layer of impermeable rock to seal in the injected 

CO₂ .For well-selected, designed and managed geological storage sites, the IPCC estimates that CO₂ could be trapped for 

millions of years, and the sites are likely to retain over 99 percent of the injected CO₂ over 1,000 years. 

Ocean Sequestration 

One of the most promising places to sequester carbon is in the oceans, which currently take up one third of the carbon emitted 

by human activity, roughly two billion metric tons each year. Carbon is naturally stored in the ocean via two pumps, solubility 

and biological and there are analogous man-made methods, direct injection and ocean fertilization, respectively. The amount 

of carbon that would double the load in the atmosphere would increase the concentration in the deep ocean by only two 

percent. 

In the ocean, carbon sequestration, a fancy word for the process by which carbon dioxide is removed from the atmosphere, is 

achieved through various chemical and biological processes. Plankton at the ocean surface use photosynthesis to convert 

carbon dioxide into sugars in the same way trees and land plants do on land. Sea creatures consume this phytoplankton 

(photosynthesizing plankton), and therefore the carbon containing sugars, eventually dying and sinking to the bottom of the 

unfathomably deep ocean, locking the carbon away over millions of years as sediment. While chemical process can create 

calcium carbonate in the water and some organisms use carbon to build shells and skeleton ns, it is the “biological pump” 

initiated by surface-water plankton that is the primary driver of oceanic carbon sequestration. 
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Terrestrial Carbon Sequestration 

The process through which CO₂ from the atmosphere is absorbed naturally through photosynthesis & stored as carbon in 

biomass & soils. 

Soil Carbon Sequestration 

Soils have the potential to sequester carbon from the atmosphere with proper management. Based on global estimates of 

historic carbon stocks and projections of rising emissions, soil’s usefulness as a carbon sink and drawdown solution appear 

essential (Lal, 2004, 2008). Since over one third of arable land is in agriculture globally (World Bank, 2015a), finding ways to 

increase soil carbon in agricultural systems will be a major component of using soils as a sink. A number of agricultural 

management strategies appear to sequester soil carbon by increasing carbon inputs to the soil and enhancing various soil 

processes that protect carbon from microbial turnover. Uncertainties about the extent and permanence of carbon sequestration 

in these systems do still remain, but existing evidence is sufficient to warrant a greater global focus on agricultural soils as a 

potential climate stability wedge and drawdown solution. Furthermore, the ancillary benefits of increasing soil carbon, 

including improvements to soil structure, fertility, and water-holding capacity, outweigh potential costs. 

Soil: The Largest Terrestrial Carbon Pool 

1. Soil is a large reservoir of carbon, with about 60% organic carbon in the form of soil organic matter (SOM), and the remaining 

inorganic carbon in the form of inorganic compounds (e.g., limestone, or CaCO3).   

2. The global soil carbon pool amounts to 2500 (Gt). The total soil carbon pool is four times the biotic pool and three times the 

atmospheric pool.       Lal (2004) 

3. 1 ton of carbon lost from soil ≈ 3.7 tons of CO₂ to the atmosphere. Climate change and agriculture (2012). 

4. Soil organic C stocks in soils of India have been estimated to be 21 Pg (upper 30 cm) and 63 Pg (upper 150 cm). Velayuthamet 

al. (2000). 

Total Potential of Carbon Sequestration in Soils of India 

 

Agronomic Practices for Soil Carbon Sequestration 

1. Crop management 

2. Tillage & Residue management 

3. Nutrient management 

4. Agro forestry 

5. Land use change  

6. Soil amendments 

Tillage & Residue Management 

Conservation tillage is referred as minimal soil disturbance (no-till) and permanent soil cover (mulch) combined with rotations. 

It is dependent on three pillars like no- till, mulch and crop rotation. Conservation tillage involves reducing intensity and 
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frequency of ploughing and leaving crop residues on the soil surface as mulch. This was the important strategy for enhancing 

SOC content and organic matter. Soil microbial biomass carbon was often found to be higher, but never lower, under zero 

tillage than under conventional tillage. Yet, CO2 evolution (basal respiration) was generally higher under conventional tillage 

than under zero tillage, ensuing in higher specific respiration under conventional tillage than under zero tillage. The superior 

additions but lower losses of labile C under zero tillage stand for that more C is sequestered in the soil in the zero-tillage system. 

Eliminating summer fallowing in arid and semi-arid regions and adopting no till with residue mulching improves soil 

structure, lowers bulk density and increases infiltration capacity (Shaver et al., 2002). However, the benefits of no till on SOC 

sequestration may be soil/site specific, and the improvement in SOC may be inconsistent in fine textured and poorly drained 

soils (Wander et al.,1998). Smith et al. (1998) estimated that adoption of conservation tillage has the potential to sequester about 

23 Tg C/year. In addition to enhancing SOC pool, up to 3.2 Tg C/year may also be saved in agricultural fossil fuel emissions. 

Smith et al. (1998) concluded that 100% conversion to no till agriculture could mitigate all fossil fuel C emission from agriculture 

in Europe. 

There are several merits of a CT system (Blevins and Frye, 1993) the principal being a possible increase in SOC content leading 

to enhancement in soil quality and resilience. Conventional tillage practices involving soil turnover are usually detrimental to 

SOC. Ploughing decreases particulate SOC and the light fraction (Beare et al., 1994a; Beare et al., 1994b; Camberdella and Elliott, 

1992; Robertson et al., 1991; Angers et al., 1993). 

For some soils, especially those with coarse texture and in arid climates, conversion to CT when soil has been under cultivation 

for a long time may, however, have little effect on SOC content (Powlson and Jenkinson, 1981; Haynes and Knight, 

1989).Similarly, when soils under native vegetation or pastures are converted to arable land use, the decline in SOC over time 

is more pronounced with conventional than with a CT system (Blevins et al., 1983a; Blevins et al., 1983b; Dick, 1983; Beare et 

al., 1992).Higher SOC content in CT may lead to higher and stable aggregation (Home et al.,1992; La1 et al., 1994), because of 

several mechanisms including the following: (i)fungal dominated microflora (Beare et al., 1993; Beare et al., 1995) (ii) higher 

earthworm activity (Edwards et al., 1993) and (iii) formation of platy structure with greater bulk density. Ploughing leads to 

breakdown of aggregates, and conversion to CT can lead to increase in aggregation (Hamblin, 1980; Ike, 1986; Prove et al., 1990; 

Dalal,1989). Structural-enhancing effects are, however, generally more pronounced in humid than in arid environments (Lal, 

1989). Long-term experiments in Ohio showed higher 

aggregation and bigger mean weight diameter (MWD) in aggregates from CT than those from conventional tillage (Mahboubi 

et al., 1993). SOC content in the top 45 cm was greater in no-tillage than conventional tillage for all rotations, e.g.,59.6 vs. 52.6 

Mg/ha for continuous corn, 55.8 vs. 47.8 Mg/ha for corn-soybean, and61.6 vs. 60.4 Mg/ha for corn-oats-meadow rotation. 

These levels of increase in SO content under the no-tillage system may be facilitated by frequent use of cover crops in the 

rotation cycle (Frye et al., 1988; Utomo, 1986; Utomo et al., 1990). 

Management of crop residues is of primary need in the incorporation of soil leads to increased soil organic matter levels. 

Amalgamation of rice and wheat crop residues helps in sequestering C in agricultural soils. Amalgamation of crop residues 

significantly increased soil organic C content in a long-term field experiment conducted in rice-wheat cropping system (Singh 

et al., 2000). Cereal crop residues with high C: N ratio leaves more C in soil for exchange to soil organic matter. The problem of 

on-farm burning of crop residues has intensified in recent years due to use of combines for harvesting and high cost of labours 

in removing the crop residues by conventional methods (NAAS, 2012). Burning disturbs the microbial population in the soil, 

leads to moisture defeat and increases the pH of soil due to production of ash, which contains Ca, Mg and K ions. Left crop 

residue in the field is another practice which will have an important impact on the sequestration of carbon. (Lal, 1997) reported 

that the annual production of crop residue in the world is approximate to be about 3.4×109 tons because 15 percent of the C 

present in the residues can be converted to passive organic carbon fraction, this may lead to C sequestration of 0.2 × 1015 

g/year. Crop residue below-ground residues and root turn-over represented direct inputs into the soil organization, and as 

such had the potential to make major contributions to SOM stocks (Sandermanet al., 2010). The use of crop residues as mulches 

has been established useful as it reduces maximum soil temperature and conserves water. Direct drilling of wheat into rice 

residue using happy seeder is a good quality agronomic practice for wheat, serving to limit the gradual lessening of soil organic 

matter and at the same time improving soil health. Happy seeder allows zero-till sowing of wheat with rice residue as surface 
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mulch, at the same time as maintaining yield, reduces tillage costs and time saving, avoids the need for burning (Singh and 

Sidhu, 2014). 

Crop Management 

Crop management strategies include following crop rotation rather than mono cropping and including cover crops in cropping 

system. Cover crops recover carbon sequestration by enhancing soil structure and adding organic matter to the soil. Pulses 

append a significant quantity of organic carbon to soil since of their ability for atmospheric (Ganeshamurthy, 2009) nitrogen 

fixation, leaf shedding ability and better below-ground biomass. Venkateshet al., (2013) reported that the study seven cropping 

cycles the changes in soil organic carbon pools due to the addition of pulses in an upland maize-based cropping system in 

Inceptisols of Indo-Gangetic plains. The outcome of the inclusion of pulses improved the total soil organic carbon content. It 

was more in surface soil (0-20 cm) and declined with increase in soil depth. Maize-wheat-mung bean and pigeon pea-wheat 

systems resulted in significant enlarge of 11 and 10 percent respectively in total soil organic carbon, and 10 and 15 percent in 

soil microbial biomass carbon, respectively, as compared with a conventional maize-wheat system. The supply of crop residues 

along with farmyard manure at 5 Mg ha-1 and bio-fertilizers resulted in superior amounts of carbon fractions and higher carbon 

management index than in the in charge of and there commended inorganic fertilizers (N, P, K, S, Zn, B) treatment, particularly 

in the system where pulses were incorporated. The effectiveness of conservation tillage in SOC sequestration is enhanced by 

use of cover crops, such as clover and grains. Frequent use of pod type legumes and grasses in rotation with food crops is an 

important strategy to enhance SOC and soil quality (Entry et al., 1996). 

Growing leguminous cover crops enhances biodiversity, the quality of residue input and SOC pool (Singh et al., 1998). It is 

well established that ecosystems with high biodiversity absorb and sequester more C than those with low or reduced 

biodiversity. Drinkwater et al. (1998) observed that legume-based cropping systems reduce C and N losses from soil. In 

Georgia, USA, Sainju et al. (2002) observed that practicing no till with hairy vetch can improve SOC. Franzluebbers et al. (2001b) 

also observed in Georgia, USA that improved forage management can enhance the SOC pool. However, the use of cover crops 

as a short-term green manure may not necessarily enhance the SOC pool. The beneficial effect of growing cover crops on 

enhancing SOC pool has been reported from Hungary by Berzseny and Gyrffy (1997), U.K. by Fullen and Auerswald (1998) 

and Johnston (1973), Sweden by Nilsson (1986), Netherlands by Van Dijk (1982) and Europe by Smith et al. (1997). 

Crop rotation is a progression of crops grown in returning succession on the same area of land. It improves the soil structure 

and fertility of soil by irregular deep rooted and shallow rooted plants. A crop that leaches one type of nutrient from the soil is 

followed during the next growing season by a disparate crop that returns that nutrient to the soil or draw diverse ratio of 

nutrients. Changing the kind of crops grown can increase the level of soil organic matter. However, helpfulness of crop rotation 

depends on the kind of crops and crop rotation times. The chief component of crop rotation is refill of nitrogen through the use 

of green manure in series with cereals and other crops. Organic crop rotation includes cultivation of deep-rooted legumes 

which increase the carbon content in deeper soil layer by rhizo-deposition and deep root biomass. It also leads to more effective 

make use of nitrogen and integrated livestock production. Different long-term field experiments were conducted to compare 

crop sequencing with mono-cropping. Continuous maize cultivation with a legume-based rotation was studied by Gregorichet 

al., (2001). After 35 years, the difference between monoculture maize and the rotation was 20-ton C ha-1. In adding together, 

the SOC present below the ploughed layer in the legume-based rotation appeared to be more biologically resistant, indicating 

the deep-rooted plants were useful for increasing carbon storage at depth. Santos et al., (2011) observed that the basis of 

research done for 17 years that the forage-based rotations of semi-perennial alfalfa and annual rye grass for hay production 

contributed more to soil organic C sequestration than rotations based on cover crops. It was concluded that the roots, either in 

forage based or cover crop-based rotations, played a more relevant role in building up soil C stocks in no-till Ferralsol than 

shoot residues. Cropping systems provide an opportunity to produce more biomass C than in a monoculture system and to 

thus increase SOC sequestration. Chanderet al., (1997) reported that the soil organic matter under different crop rotations for 6 

years and found that inclusion of green manure crop of Sesbania aculeate in the rotation improved the soil organic matter 

status and microbial C increased from 192 mg kg-1 soil in pearl millet wheat fallow rotation to 256 mg kg-1 soil in pearl millet 

wheat green manure rotation. Legume-based cropping systems might be due to increase crop productivity and soil organic 

matter levels, thereby enhancing soil quality, as well as having the additional benefit of sequestering atmospheric C. The soil 
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organic matter below the plough layer in soil under the legume-based rotation appeared to be in more biologically resistant 

form (i.e., higher aromatic C content) compared with that under monoculture. 

Nutrient Management 

Judicious nutrient management is crucial to SO sequestration. In general, the use of organic manures and compost enhances 

the SOC pool more than application of the same amount of nutrients as inorganic fertilizers (Gregorich et al., 2001). The fertilizer 

effects on SOC pool are related to the amount of biomass C produced/returned to the soil and its humification. Adequate 

supply of N and other essential nutrients in soil can enhance biomass production under elevated CO2 concentration (Van 

Kessel et al., 2000). Long-term manure applications increase the SOC pool and may improve aggregation (Sommerfeldt et al., 

1988; Gilley and Risse, 2000), and the effects may persist for a century or longer (Compton and Boone,2000). The potential of 

conservation tillage to sequester SOC is greatly enhanced whereby soils are amended with organic manures (Hao et al., 2002). 

Smith and Powlson (2000) reported that 820million metric tons of manure are produced each year in Europe, and only 54% is 

applied to arable land and the remainder to non-arable agricultural land. They observed that applying manure to cropland can 

enhance its SOC pool more than it does on pasture land. Smith and Powlson estimated that if all manure were incorporated 

into arable land in the European Union, there would be a net sequestration of 6.8 Tg C/year, which is equivalent to 0.8% of the 

1990 CO2-Cemissions for the region. Beneficial impacts of manuring for U.S. cropland were reported by Lal et al. (1998). 

On a long-term field experiment increased crop yield and organic matter returned to the soil with judicious fertilizer relevance 

outcome in superior SOC content and biological motion than under embarrassed conditions (absence of fertilizers). The studies 

and concluded that fertility management practices can enhance the SOC content at the rate of 50-150 kg ha-1 yr-1 (Lalet al., 

1998). Enhancing the nitrogen doses increases quantity of organic matter in soil and phosphorus fertilizer also has a beneficial 

impact on soil organic C. Integrated nutrient management through farmyard manure, green manure and crop residues is 

advantageous in increasing organic matter in soil. 

Agroforestry 

Agroforestry, growing of multipurpose trees along with agricultural crops is one of the key paths towards the prosperity of 

poor people suffering from hunger, malnutrition, abject poverty and deterioration of the environment in the areas that have 

been bypassed by the Green revolution (Garrity2004). Agroforestry is believed to increase the soil organic carbon (SOC)through 

litter fall (Young 1989), check soil erosion (Escobar et al. 2002), increase land productivity (Noble et al. 1998) and diversify the 

farm income (Seobi et al. 2005). Presence of trees within a landscape affects its hydrological characteristics (Pereira 1979), just 

as deforestation increases the run-off (Lal1981). Agroforestry is thus the most viable option to tackle land degradation and to 

bring about eco-restoration and sustenance of soil resources (Dhyaniand Chauhan 1995). 

To gain maximum benefit from agroforestry system, it is essential to minimize the negative concerns linked to it viz. 

competition of trees with crops for resources, allelopathic effects of trees on crops (Kohli et al. 2006), rapid growth of some tree 

species within agricultural fields occupying the space of crops, entry of invasive species in the agricultural land, and trees 

serving as habitat for harmful pests and diseases. The positive results can however, be obtained if positive interactions of 

agroforestry outweigh the negative interactions (Joseet al. 2000). Trees generally have their roots well below the crop zone, use 

water from the lower soil layers, and thus do not affect crop (Jose et al. 2006). Rather, tree roots act as safety nets and capture 

the nutrients that are lost because of leachation (van Noordwijk and Hairiah2000). Incorporation of trees in the croplands can 

help in maintaining the nutrient pool and enhance soil fertility both under sequential and simultaneous agroforestry 

(Thevathasan and Gordon 2004). Tree litter and prunings improve soil fertility not only through the release of nutrients in the 

soil by mineralization but also by adding soil organic matter (Kohli et al. 2007). However, it depends upon the quality and 

quantity of tree litter or prunings, soil type and climatic conditions of the area and increasing activity of microorganisms in the 

root zone (Lee and Jose 2003). 

Agroforestry system has a great scope in sequestering the above-ground and below-ground soil carbon and helps in mitigating 

the greenhouse effect by reducing carbon emissions (Albrecht and Kandji2003). Carbon can be sequestered in the mineral soil 

after the conversion of intensively cropped agricultural fields to more extensive land uses such as afforested ecosystems. 

Understanding the agroforestry systems that involve greater diversity and complexity has become a research interest 

worldwide posing fundamental questions like carbon sequestration (Puriand Nair 2004). Soil organic carbon sequestration 
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helps to restore the environment. Swamy and Puri (2005) observed 3.5 Mg ha-1 more C under Gmelinaarborea than agr-

isilviculture system after 5 years of study. Forest plantation may sequester SOC especially in cases of establishment on 

cultivated lands where SOC has been depleted (Johanson1992). 

Benefits of Soil Carbon Sequestration 

1. Changes in soil properties and environmental quality. As management changes, benefits might appear in several ways. The 

first is improved soil structure, with surface structure becoming more stable and less prone to crusting and erosion. Water 

infiltration could improve, meaning less surface runoff. As soil organic matter increases, soil water and nutrient capacity 

increases significantly. And crops will fare better during drought because infiltration and water holding capacity have 

improved. 

2. Also, organic matter and the associated soil biological population will increase in vigour and numbers with more diverse 

crop rotations. Organic matter also may bind pesticides, suppress disease organisms, and improve crop health and vigour as 

soil biological activity and diversity increase. 

3. Improvements can be expected in air quality as dust, allergens, and pathogens in the air decline; in water quality as sediment 

and nutrient loads decline in surface water from better soil aggregation; and in agricultural productivity. Wildlife habitat also 

is improved with higher residue levels. 

4. One possible future -- managing for carbon sequestration. The concept is real, and Iowa producers should expect more 

dialogue, not less, about the issue. The longer they pay attention to the issue, the more they will know about it, which puts 

them in the best position possible when it's time to make a decision. 

Limitations 

1. The amount of C locked up is finite: the increase in SOC content ceases as a new equilibrium value is approached. 

2. The process is reversible: the change in land management leading to increased C in soil or vegetation must be continued 

indefinitely to maintain the increased stock of SOC (Freibaueret al., 2004). For example, if a new forest is established, the Carbon 

accumulated in trees and soil will be lost if the trees are felled (Saarsalmiet al., 2010). Similarly, if a grass or legume ley is 

included in an arable cropping system at least part of the SOC accumulated during the ley period is lost after ploughing for 

the next arable phase (Wu et al., 1998), though there will often be some overall increase in SOC in the long-term compared with 

continuous arable cropping if the ley-arable rotation is continued (Johnston et al., 2009). 

3. Land management changes leading to increased soil C may either increase or decrease fluxes of powerful greenhouse gases 

such as N2O or methane. In some, perhaps many, situations these changes may be far more significant than changes in SOC 

stock because the very large global warming potentials (GWP) of these two gases, N2O and methane, have, respectively, 298 

and 25 times the GWP of CO2 when considered on a 100- year time scale (IPCC, 2007b). Thus, small changes in fluxes of these 

gases can have a large impact on the overall effect on climate change of a given land-management change. 

Limitations 

1. Soil carbon sequestration is an effective tool to sequester atmospheric CO2with better practical application than other 

approaches.  

2. Soil carbon sequestration is an important strategy to mitigate climate change as it removes CO₂ from the atmosphere.  

3. Most, if not all, of the management regimes that promote carbon sequestration also improve soil aggregation, water retention, 

soil fertility, and food security. These important co-benefits should serve as motivation for increased action. 

4. Soil C sequestration is certainly a step in the right direction to improve soils, increase crop yield and mitigate climate change 

through judicious land use and recommended management practices (RMPs) but decisions about soil carbon sequestration 

require careful consideration of priorities and tradeoffs among multiple resources. 

5. It is obviously appropriate to include estimates of soil C sequestration in the information used to formulate policies for 

climate change mitigation but these estimates should be thoroughly evidence-based and do not represent an over-optimistic 

view. If soil C sequestration is over-emphasized there is a danger of under-emphasizing other measures that may well be more 

significant. 
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Cucurbits - At A Glance 

Among the vegetable crops, cucurbits are distinct group where sex mechanism and sex expression are unique and are easily 

amenable for manipulation for production of F1 hybrids. ‘Cucurbits’ term was coined by L. H. Bailey (USA) for the cultivated 

species of the family Cucurbitaceae. The family Cucurbitaceae consists of about 118 genera and 825 species out of which about 

15 different species of Cucurbitaceae are being commercially cultivated since long time. In which, high productivity is one of 

the important aspects of heterosis. Cucurbits are cultivated in mixed cropping system, like river bed culture on river sand 

‘Diara’- a unique, indigenous and improved system of vegetable forcing, which cover 60 per cent of the total area under 

cucurbits in this country. It is a family of significant economic importance with a number of edible vegetable species. The major 

genera of the family are Trichosanthes (100 species), Momordica (47 species) and Cucumis (34 species). There are about 36 minor 

genera which are monotypic. 

Floral Biology 

The cross sections of male and female flowers are shown in Figure 1. 

Flowering in cucurbits normally starts in about 40-45 days after 

sowing depending upon the weather condition. The anthesis occurs in 

majority of cucurbits in morning except, bottle gourd, ridge gourd and 

pointed gourd. The sequence of flowering follows a set of patterns, 

namely (i) Male phase (ii) Mixed phase (iii) Female phase. Anthesis 

time in cucurbits is mainly up to 5:30 to 7:30 a.m. (in yellow flowers) 

and 5:00 to 8:00 p.m. (in white flowers). Stigma receptivity is different 

to the species but, mainly before anthesis 24 hours and after anthesis 

24 hours was observed. Pollen Fertility is on the day of anthesis till the 

next morning. 

Significance of Cucurbits 

1. Annual 

2. Quick growing  

3. Cash earning crop in short duration 

4. Low requirement of inputs 

5. Easy to grow 

6. Cheapest source of nutrients 

7. Versatile use in the kitchen 

Variability in Chromosome Number 

The variability in chromosome number of sixteen members of Cucurbitaceae is represented in the Table 1. 

Table 1: Variability in chromosome number of members of Cucurbitaceae. 

Sr. No. Common Name Botanical Name Chromosome No. (2n) Sex Form 

1. Cucumber Cucumis sativus L. 14 Monoecious 

2. Bottle gourd Lagenaria siceraria (mol) Stndyl  22 Monoecious 

3.  Bitter gourd Momordica charantia L. 22 Monoecious 

Figure 1: Cross section of flowers 
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4.  Water melon Citrullus lanatus (Thumb) 22 Monoecious 

5.  Snake gourd  Trichosanthes cucumerina   22  Dioecious  

6.  Round gourd   Praecitrullus fistulosus  22  Monoecious 

7.  Musk melon Cucumis melo L. 24 Monoecious 

8.  Ivy gourd Coccinia grandis  24 Dioecious  

9.  Pointed gourd Tricosanthes dioica Roxb  24 Dioecious  

10.  Ash gourd Benincasa hispida (Thumb)  24 Monoecious 

11.  Long melon  Cucumis melo var.utilissimus  24  Monoecious 

12.  Ridge gourd Luffa acutangula (Roxb.) L. 26 Monoecious 

13.  Sponge gourd Luffa cylindrica Roem  26 Monoecious 

14.  Spine gourd  Momordica dioica  28  Monoecious  

15.  Sweet gourd  Momordica cochinchinensis  28  Dioecious  

16.  Pumpkin Cucurbita moschata Poir. 40 Monoecious 

 

Breeding Objectives 

Following are the breeding objectives for cucurbitaceae: early and higher yield, preponderance of female flower, desirable fruit 

shape, size and colour as per market and export potential, developing gynoecious and parthenocarpic hybrids, free from 

bitterness, light green & presence of inconspicuous hairs on skin (bottle gourd), hybrid suited for canning and dehydration 

purpose (bitter gourd), resistance to insects-pest and diseases. 

Methods for Crop Improvement 

Various conventional/general and special breeding methods can be used for crop improvements which are listed in Table 2. 

Table 2: Methods for crop improvement. 

Sr. No. General breeding methods Special breeding techniques 

1  Introduction  Mutation  

2  Pure Line  Transgenic Breeding Technique  

3  Mass Selection  Haploid & Aneuploid  

4  Pedigree Method  Polyploidy  

5  Backcross Method  Distance Hybridization  

6  Heterosis Breeding  Tissue Culture  

 

Heterosis in Vegetables 

Superiority or inferiority of F1 over the both the parents is known as heterosis. It is also called hybrid vigor. Heterosis was first 

described by Charles Darwin in 1876 and independently rediscovered by Shull and East in 1908. Hybrid vigor was first 

observed in cucumber for fruit size and number by Hayes and Jones in 1916 at Japan. In 1942, Munger was the first to highlight 

the possible utilization of F1 hybrids in muskmelon. In India, first report of hybrid vigour appeared in 1933 in chilli at IARI, 

New Delhi. First hybrid Pusa Meghdut of bottle gourd was developed in 1971. Then after years the other hybrids were released 

in vegetable crops. (Singh, 2012). 

General Features of Heterosis 

1. Heterosis is a widely occurring biological phenomenon in both the plant and animal species.  

2. Heterosis is a genetically governed phenomenon. 

3. In plants, it has been reported to occur more frequently in a number of naturally cross-pollinated crop species as compared 

with self-pollinated ones. 

4. It has been observed that the expression of heterosis is usually more in hybrids obtained from genetically unrelated lines. 

5. The expression of heterosis is highly associated with specific combining ability of a cross. 
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6. Heterosis is usually unfixable from generation to generation. 

Different Bases of Heterosis 

1. Genetic bases of heterosis: Dominance hypothesis, over-dominance hypothesis, epistasis. 

2. Physiological bases of heterosis: Net assimilation rate, leaf area index, root growth, hormonal balance, metabolic concept, 

mitochondrial complementation. 

3. Molecular bases of heterosis: Intermediate amount of a single gene product, separate gene products, combined gene 

product, effect in two different tissues, expression of a greater no. of gene. 

Types of Heterosis 

1. On the basis of origin and nature: 

a. Euheterosis or true heterosis  

b. Mutational heterosis  

c. Balanced heterosis  

d. Pseudoheterosis or luxuriance 

2. On the basis of types of estimation: 

a. Mid parent heterosis (Average/relative heterosis): Superiority of F1 over mid parent. 

b. Better parent heterosis (Heterobeltiosis): Superiority of F1 over better parent. 

c. Standard parent heterosis (Standard heterosis): Superiority of F1 over commercial variety. 

How to Calculate Heterosis? 

1. Average heterosis =  
[(F1−MP)]

MP
X100 

2. Heterobeltiosis =   
[(F1−BP)]

BP
X100 

3. Useful heterosis =   
[(F1−CC)]

CC
X100] 

4. Economic heterosis =   
[(F1−SH)]

SH
X100 

Important Factors of Heterosis 

1. Enough magnitude of heterosis 

2. High percentage of out crossing 

3. Floral biology of plants 

4. Availability of MS and SI systems 

Manifestation of Heterosis: Following Are the Manifestation of Heterosis 

Higher yield, early maturity, large number of seeds per fruit, uniformity in size and shape, increase reproductive ability and 

quality, wider adaptability, produce gynoecious lines, better resistance etc. are the manifestation of heterosis. 

Why Hybrids Adopted by Farmers? 

Hybrids are adopted by farmers due to their greater productivity, longer harvest duration, better adaptability to variable 

environment, better tolerance to disease and pest, better market acceptability and better nutritional quality. 

Constraints of Cucurbits to Exploit Heterosis 

1. Preponderance of staminate flower 

2. Production of less female flowers  
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3. Sterile hybrid produced in interspecific cross 

4. Insufficient germplasm in different Cucurbitaceous crops 

5. Absence of basic/fundamental research programmes to accelerate the work on applied aspects 

6. Lack of competent scientific manpower to manage the research programmes 

7. Lack of pollinators due to cold, wet weather, pesticides, and habitat loss (ovary is not fertilized) 

Conclusions 

The hybrid vegetable production technology is one of the best options for yield potential of cucurbit. In this, the cucurbits are 

distinct group, where low inbreeding depression, monoecious, gynoecious and androecious nature of plant exist which exclude 

the need of emasculation and facilitate easy hybridization programme at least cost. Thus, there is wide adaptability of cucurbit 

crops in commercial exploitation of heterosis. Major cucurbit shows significant heterosis over mid parent, top or better parental 

lines. Therefore, efforts should be made to develop the hybrids which may suit the requirement of National and International 

market. 
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Introduction 

Cotton (Gossypium spp.) is one of the most important fiber and cash crop of India and plays a dominant role in the industrial 

and agricultural economy of the country. It provides the basic raw material (cotton fibre) to cotton textile industry. Therefore, 

it is popularly known as “White gold” of India. Cotton in India provides direct livelihood to 6 million farmers and about 40 -

50 million people are employed in cotton trade and its processing. In India, there are ten major cotton growing states which 

are divided into three zones, viz. north zone, central zone and south zone. North zone consists of Punjab, Haryana, and 

Rajasthan. Central zone includes Madhya Pradesh, Maharashtra and Gujarat. South zone comprises Andhra Pradesh, 

Telangana, Karnataka and Tamil Nadu. Besides these ten States, cotton cultivation has gained momentum in the Eastern State 

of Orissa. Cotton is also cultivated in small areas of non-traditional States such as Uttar Pradesh, West Bengal & Tripura. 

Why Breeding for Insect Resistance? 

There are many species of insects attacking cotton. Among these pests bollworms & sucking pests account 25-30 % and 5-10 %  

yield  loss respectively. Indiscriminate, abuse and excessive use of chemical insecticides has led to pest resurgence problems 

and undesirable environmental impacts. As a result of all of this there is a development of resistance in pests for pesticides. 

Table 1: Mechanism of resistance in cotton plant: 

Non-Preference Antibiosis Escape Tolerance 

Smooth leaf High gossypol Earliness Rejuvenation potential 

Hairiness High tannin Compact leaves Healthy leaf growth 

Frego bract Heliocides Smaller leaves Flowering compensation   

Okra leaf Exo-endo microflora Short plant Superior plant gowth 

Nectariless C:N ratio of  leaf Non-cluster bolls  

 

Morphological and Biochemical Characters Imparting Insect Resistance 

There is a need of special breeding efforts to develop insect resistance cotton. 

Table 2: Undesirable linkage characteristics of morphological traits (Khalil et al., 2017): 

Plant character Tolerance to Undesirable character 

Red plant body boll weevil and some boll worms shy yield in upland cotton. 

Leaf pubescence Jassid, boll weevil Shortening of fiber length, increase 

infestation of heliothis and white fly. 

Smooth leaf + H2 hairiness Thrips Low trash content in lint 

Nectariless Reduce harmful insects specially bollworms.  

 

Biochemical Characters 

Gossypol is a terpenoid aldehyde present in the lysigenous subepidermal glands on all parts of cotton plant. It is act as a 

insecticide, repellent, growth retardant. Heliocides are hemi-gossypols possess superior toxicity. Tannin act as natural 

insecticide for heliothis, aphids, spider mites, leaf minors etc. This polyphenol damage membranes and disrupt general 

biochemical process of boll worm larvae. Some proteins are the source of essential amino acids and their reduction cause 

adverse effect on insect body and impart insect resistance to plant. Terpenoids also play an important role in insect resistance 
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like bisabolol, carpophylene, some fatty acids, methyl esters, wax esters, flavenoids, condensed tannins, chrysanthemum etc. 

(Yousaf et. al. 2019). 

Genetics of Insect Resistance: 

1. Oligogenic: Governed by one or few major genes and have a large and individual effect. Oligogenes are governed by 

dominant or recessive allele of concerned gene. Generally, oligogenes are simply inherited and easily transferred, less durable 

but in some cases e.g. Jassid resistance in cotton are quite durable. 

2. Polygenic: Governed by several genes with each gene producing small and cumulative effect. Polygenes are durable and its 

transfer is relatively much more difficult compared to oligogenic resistance. 

Table 3: Importance of Pest complex in Cotton (Source- CICR- Nagpur). 

A Bollworm complex  

1 Spotted bollworm Earias vittella 

2 Pink bollworm Pectinophora gossypaella 

3 American bollworm Helicoverpa armigera 

4 Leaf eating caterpillar Spodoptera litura 

B Sucking pest  

1 Jassid Amarasca bigutulla bigutulla 

Breeding Methodology 

1. Conventional Approach                            

a. General Selection Procedure 

• Introduction  

• Mass selection  

• Pure line selection  

• Pedigree selection 

b. Breeding for specific purpose 

• Back cross breeding 

• Mutation breeding 

• Utilization of wild species 

c. Heterosis Breeding 

• Hybrid cotton 

• Synthetics 

2. Non-conventional Approach 

a. Transgenic cotton 

Sources of Resistance 

Cultivated variety, related wild species, Transgenic (Bt) cotton. 

Related Wild Species 

Resistance characters of wild species can be transferred into cultivated species through inter specific hybridization. 

Table 4: Wild gene sources and nature of insect resistance and controlling characters: 

Gene source Characters Resistance to pests 

G. anomalum Raised gossypol glands, hairiness, narrow 

bract 

Jassid, Mites, Earias spp. 
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G. sturtianum Waxy epidermis, glanded Boll worms 

G. davidsonii Thick leaf epidermis Aphids 

G. raimondii More glanded, pubescent Jassid, Thrips, Leaf roller, Heliothis, Bollworms 

G. gossypioides Foliar nectariless Sucking pests and Heliothis 

G. somalense Gossypol high Boll worms 

G. tomentosum Tomentose hairs and nectariless Jassid, Thrips, Boll worms 

Cernuum Gossypol high, long bolls, hard rind Pink boll worm 

Bengalense Red plant, gossypol Pink boll worm and Heliothis 

Nadam Gummy exudation Stem weevil 

Palmeri Palmate leaf Sucking pests, Bollworms 

G. thurberi Deeply dissected leaf, more glanded Bollworms 

Possible Solution of Sucking Pests in Transgenics  

1. Protease inhibitors: Certain protease inhibitors interfere with protein digestion in insect, resulting in stunted growth, 

increased mortality.  

2. Terpene synthesis: Volatile organic compound emitted by certain plants known to provide strong cues to predators and 

parasites of herbivore to locate their prey. 

3. Plant lectins: lectins are proteins which bind with glycoproteins in the insect mid gut resulting to disrupt digestive process 

and nutrient assimilation. 

4. Insect chitinase: Chitin is an insoluble polysaccharide occurs in exoskeleton and gut lining of insect, protect from water loss 

and other abrasive agents. So, dissolution of chitin by chitinase enzyme perforates exoskeleton and make the insect vulnerable 

to attack by different pathogens. 

Conclusions 

Okra leaf, nectariless, low bract teeth are important morphological and gossypol, phenol content are important biochemical 

characters imparting insect resistance. Certain cultivated varieties are potential source of resistant genes and can be used as 

donor parent to evolve resistant varieties. Most insect resistant traits are governed by monogenes or oligogenes. Wild species 

are least preferred by insect pests as they possess biochemicals and can be easily transferred into cultivated species through 

introgressive breeding. Bt cotton varieties are less preferred and damaged by boll worm complex compared to non-Bt cotton. 

Stacking or pyramiding is an important IRM strategy and involves introducing more than one insecticidal gene into the same 

plant. 
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Introduction 

Dates are the fruit of the date palm tree, which is grown in many tropical regions of the world. Dates are high in several 

nutrients, fiber and antioxidants, all of which may provide health benefits ranging from improved digestion to a reduced risk 

of disease. Besides nutritional values, dates are rich in phenolic and phyto-chemical components which changes during 

ripening stage and may possessing antimicrobial activity. Dates are high in fiber, which may be beneficial for preventing 

constipation and controlling blood sugar control. The date palm fruit has been used in folk remedies for the treatment of various 

infectious diseases, cancer and immuno-modulatory activity (Puri et al., 2007). Thus, regular consumption of dates found to 

offer some protection from colon, prostate, breast, endometrial, lung, and pancreatic cancers. Dates are not only a good source 

of energy but also wonderful means of vitamins, and minerals.     

Date fruit is used as traditional medicine in some cultures for the treatment of ailments such as intestinal disorders, fever, 

bronchitis, and wound healing. This is because of their wide variety of essential nutrients. Recent studies have provided more 

evidence for the use of date fruits for medicinal purposes. Accordingly, preclinical studies have shown that date fruit has 

antibacterial and anti-inflammatory activity. More studies, especially human trials, are however still needed to evaluate the 

clinical validity of these findings. Similarly, the mechanism of action of the compounds in date fruits warrants investigation 

(Taleb H, et al. 2016). 

Role of Dates in Disease Prevention Via Antioxidant, Antimicrobial & Anti-Inflammatory Activity (Figure-1) 

 

Antioxidants Activity 

Dates provide various antioxidants that have a number of health benefits to offer, including a reduced risk of several diseases. 

Antioxidants protect your cells from free radicals, which are unstable molecules that may cause harmful reactions in your body 

and lead to disease (Lien Ai Pham-Huy et al., 2008)) Compared to similar types of fruit, such as figs and dried plums, dates 

appear to have the highest antioxidant content (Vinson ja et al., 2005) . Most potent antioxidants in dates: 

1. Flavonoids: Flavonoids are powerful antioxidants that may help reduce inflammation and have been studied for their 

potential to reduce the risk of diabetes, Alzheimer's disease and certain types of cancer (Arshad H Rahmani et al., 2014) 
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2. Carotenoids: Carotenoids are proven to promote heart health and may also reduce the risk of eye-related disorders, such as 

macular degeneration (Al-Farsi MA   et al., 2005)  

3. Phenolic acid: Known for its anti-inflammatory properties, phenolic acid may help lower the risk of cancer and heart disease 

(Roleira FM et al., 2015). 

 

Effects of Dates on Brain Health 

Eating dates may help improve brain function. Laboratory studies have found dates to be helpful for lowering inflammatory 

markers, such as interleukin 6 (IL-6), in the brain. High levels of IL-6 are associated with a higher risk of neurodegenerative 

diseases like Alzheimer’s (Musthafa Mohamed Essa et al., 2016). Additionally, animal studies have shown dates to be helpful 

for reducing the activity of amyloid beta proteins, which can form plaques in the brain. When plaques accumulate in the brain, 

they may disturb communication between brain cells, which can ultimately lead to brain cell death and Alzheimer’s disease 

(M. Paul Murphy et al., 2010).One animal study found that mice fed food mixed with dates had significantly better memory 

and learning ability, as well as less anxiety-related behaviors, compared to those that did not eat them (Selvaraju Subash et al 

2015).The potential brain-boosting properties of dates have been attributed to their content of antioxidants known to reduce 

inflammation, including flavonoids .However, human studies are needed to confirm the role of dates in brain health. 

Effects of Dates to Promote Natural Labor 

Dates have been studied for their potential to promote and ease late-term labor in pregnant women. Eating these fruits 

throughout the last few weeks of pregnancy may promote cervical dilation and lower the need for induced labor. They may 

also be helpful for reducing labor time (Kordi M et al 2017). In one study, 69 women who consumed 6 dates per day for 4 weeks 

prior to their due date were 20% more likely to go into labor naturally and were in labor for significantly less time than those 

who did not eat them (Al-Kuran O et al 2011). The role of dates may have in pregnancy is likely due to compounds that bind 

to oxytocin receptors and appear to mimic the effects of oxytocin in the body. Oxytocin is a hormone that causes labor 

contractions during childbirth (Masoumeh Kordi et al 2017). Additionally, dates contain tannins, which are compounds that 

have been shown to help facilitate contractions. They are also a good source of natural sugar and calories, which are necessary 

to maintain energy levels during labor. 

Effect of Dates on Infertility 

Dates fruits have unique constituents and each constituent play a role in the management of diseases and fertility. Dates; a fruit 

with good taste and gives a hope for the person who has infertility or problem in reproductive system. Numerous studies or 

reports are in the support of dates in solving the problem of infertility. Earlier investigators have shown that micro elements 

from date palm polen extract (DPP) such as estrone, sterols, and other agents that influence male fertility (Bennet RD, et al. 

1966 and Mahran GH et al 1976) 

Anti-Inflammatory Effect 

Inflammation is one of the important physiologic defence mechanisms against various factors such as infection, burn, toxic 

chemicals, allergens and other stimuli (Sharma GN et al 2011). Date fruits play a significant role as anti-inflammatory and 

recent report on the Ajwa dates showed that ethyl acetate, methanolic, and water extracts of Ajwa dates inhibit the lipid 

peroxidation cyclooxygenase enzymes COX-1 and COX2 (Zhang CRet al 2013). A study in animal model showed that Phoenix 

dactylifera pollen has potential protective effect via modulation of cytokines expressions (Elberry AA et al 2011). Another 

important finding in the support of dates fruits reported that the methanolic extract of edible portion of the fruit showed a vital 

role in reducing foot swelling and plasma fibrinogen (Mohamed DA et al 2004). A study in the support of dates as anti-

inflammatory showed that the leaves of dates can be considered as a good source of natural antioxidant and anti-inflammation 

drugs (Eddine LS et al 2013). 

Other Potential Health Benefits of Dates 

Dates have been claimed to have a few other health benefits that have not yet been extensively studied. 
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1. Bone health: Dates contain several minerals, including phosphorus, potassium, calcium and magnesium. All of these have 

been studied for their potential to prevent bone-related conditions like osteoporosis (Palacios C 2006) 

2. Blood sugar control: Dates have the potential to help with blood sugar regulation due to their low glycemic index, fiber and 

antioxidants. Thus, eating them may benefit diabetes management (Arshad H Rahmani, et al 2014). 

Conclusions 

Dates contain several types of antioxidants that may help prevent the development of certain chronic illnesses, such as heart 

disease, cancer, Alzheimer’s and diabetes. Dates may be helpful for lowering inflammation and preventing plaques from 

forming in the brain, which is important for preventing Alzheimer’s disease. Dates may promote and ease natural labor for 

pregnant women when consumed during the last few weeks of pregnancy. Dates are a healthy substitute for white sugar in 

recipes due to their sweet taste, nutrients, fiber and antioxidants. Dates have been claimed to promote bone health and aid in 

blood sugar control, but these effects have not been studied sufficiently. 
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Introduction 

The neoliberalism of Indian economy has led to a deep agrarian crisis that is attempting to make small scale farming an unviable 

vocation. Privatized seeds, inputs and markets are inaccessible and expensive for farmers. Indian cultivators increasingly find 

themselves in a vicious cycle of debt, because of the high production costs, high interest rates for credit, the volatile market 

prices of crops, the rising costs of fossil fuel-based inputs, and private seeds. More than a quarter of a million farmers have 

committed suicide in India in the last two decades. Various studies have linked farmer’s suicides to debt. Debt is a problem for 

farmers of all sizes in India. Under such conditions, ‘zero budget’ farming promises to end a reliance on loans and drastically 

cut production costs, ending the debt cycle for desperate farmers. The word ‘budget’ refers to credit and expenses, thus the 

phrase 'Zero Budget' means without using any credit, and without spending any money on purchased inputs. 'Natural farming' 

means farming with Nature and without chemicals. Zero-Budget Natural Farming (ZBNF) is a holistic alternative to the present 

paradigm of high cost chemical input-based agriculture. It is very effective in addressing the uncertainties of climate change. 

ZBNF principles are in harmony with the principles of Agro-ecology. Its uniqueness is that it is based on the latest scientific 

discoveries in agriculture and at the same time it is rooted in Indian tradition. It is a set of farming methods, and also a 

grassroots peasant movement, has spread to various states in India. It has attained wide success in southern India, especially 

in Karnataka where it was first evolved. UN-FAO in April, 2018 urged all countries to move towards the maintenance of agro-

ecology to meet the twin goals of global food security and conservation of the environment.  A ZBNF practicing farmer has 

lower cost of inputs and thus has better capacity to increase the incomes. At the same time, ZBNF helps in retaining soil fertility 

and shows resilience to climate change. 

What is Zero Budget Natural Farming (ZBNF)? 

Zero Budget Natural Farming (ZBNF), primarily encouraged by eminent agriculturist Subhash Palekar, is a unique method of 

farming that relies on the concept of agro-ecology and the natural growth of crop plants without incorporating any type of 

chemical fertilizers, herbicides, pesticides or any other foreign materials. The term ‘Zero Budget’ indicates the involvement of 

zero credit for agriculture or zero net cost of production or cultivation of all crops including the inter crops, border crops, 

multiple crops etc. It is a set of practices of chemical free agriculture emerging from the conventional Indian techniques. ZBNF, 

as the name given by the Food and Agriculture Organisation of the United Nations, implies that it is an agricultural method in 

which the cost of cultivation and harvesting of crops is zero, suggesting that the farmers are not compelled to purchase 

fertilizers and pesticides in order to guarantee the vigorous and luxurious crop growth. Zero Budget Natural Farming is, 

fundamentally, a farming practice based on natural techniques that utilizes different biological pesticides, earthworms, cow 

dung, cow urine, plants, human excreta as well as biological fertilizers instead of commercially produced chemical inputs. It 

was promoted during the early 1990’s with the elevated application of Jeevamrutha, a mixture of fresh cow dung, urine of aged 

cows, jaggery, pulse flour, water and soil on farmland as a better alternative to the Green Revolution, obsessed with chemical 

oriented nutrients and plant protection elements as well as intensive irrigation facilities. 

Four Wheels of Zero Budget Natural Farming 

The elementary “toolkits” of ZBNF were drawn from expansive research and placed concurrently by Subhash Palekar, former 

agricultural scientist, disillusioned by the ailing consequences of green revolution on his own farm to retrieve the traditional 

Indian agricultural system. ZBNF is based on 4 pillars: 
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1. Jivamrita / Jeevamrutha:  It is a fermented culture of microbial products that contributes nutrients to soil and aids to impede 

fungal and bacterial plant diseases, but most significantly, acts as a catalytic agent to flourish the activity of beneficial soil 

microorganisms as well as augments the agility of earthworms. It was suggested that almost 200 litres of Jeevamrutha should 

be sprayed twice a month per acre of land with irrigation water or as a 10% foliar spray and after three years of the transition, 

the system is supposed to become self-sustaining. 

2. Bijamrita/ beejamrutha: This is a concoction or combination of neem leaves and pulp, tobacco and green chillies, effective 

in protecting young plant roots from different insect pests including fungus as well as from soil and seed borne diseases that 

commonly affect crops after the monsoon season and can be used for treating seeds, seedlings or any planting material. It is 

similarly composed as Jeevamrutha with the ingredients like local cow dung, a powerful natural fungicide and cow urine, a 

strong anti-bacterial liquid, lime, soil etc.   

3. Acchadana (Mulching): According to Palekar, there are mainly three kinds of mulching:  

a. Soil Mulch: It protects the top layers of soil during production and does not deteriorate it by continuous tilling, 

promotes favourable aeration status and water retention in soil.  

b. Straw Mulch: Straw mulch generally refers to the dried biomass of previous crops cultivated, but as Palekar advises, 

it can be constituted of the dead or waste material of any living beings such as plants, animals etc. Dried organic 

material will be decomposed and form humus through the activity of the soil microbes which will be beneficial for 

ultimate soil health.  

c. Live Mulch (Symbiotic intercrops and mixed crops): It is mandatory to develop multiple cropping patterns 

involving monocotyledons and dicotyledons to provide all of the essential elements to soil and crops. For example, 

leguminous crops belong to dicot group and have the capacity of nitrogen fixation and monocots viz. rice and wheat 

supply other nutrients like potash, phosphate and sulphur. 

4. Whapasa (Moisture): Palekar challenged the traditional concept that the plant roots require an ample volume of water, thus 

encountering the over reliance on irrigation in green revolution farming. According to him, what root needs is only water 

vapour. Whapasa is the situation where both air and water molecules are present in soil, and he encouraged a significant 

decline in the requirement for irrigation water in ZBNF. Other important principles of ZBNF: 

a. Intercropping: The name doesn’t indicate that the cultivator is going to have no expenditure at all; hence any cost 

will be compensated by the income achieved from intercropping system on their field, making agriculture a close 

proximity to zero budget activity.  

b. Contour bunds: To conserve rain water, contour bunding provides maximum efficiency for various crops.  

c. Local species of earthworms: Subhash Palekar opposes the utilization of vermicomposting and it was claimed by 

him that the revival of local earthworms through increased organic matter content is most recommended.  

d. Cow dung: Dung from Bos indicus or humped cow is most beneficial which has the highest concentrations of 

microorganisms and ZBNF is centred on the Indian cows mainly as compared to European cow breeds like Holstein. 

Outcomes or Benefits of ZBNF 

Zero Budget Natural Farming works not only just in agronomic point of view, but also conveys several social and economic 

benefits. It was reported that by the adoption of ZBNF over time improvements in yield, soil conservation, seed diversity, 

improved quality of produce, household food autonomy, increased income and better health could be obtained. Many farmers 

experienced reduction in farm expenses and a declined necessity for credit which is one of the major problems plaguing Indian 

farmers. According to National Sample Survey Office (NSSO) data, almost 70% of agricultural households spend more than 

their earnings due to the rising cost of external inputs and greater than half of the peasants are suffering from indebtedness 

which is the leading cause of suicides among farmers and especially in the states like Andhra Pradesh and Telangana, levels of 

debt are almost 90%, where each household bears an average debt of ₹1 lakh. With the objective to envisage the Central 

government’s promise to double farmers’ income by the year 2022, one major aspect being considered is natural farming that 
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cuts down farmers’ reliance on loans to buy inputs which they actually cannot afford and would break the debt cycle for many 

small farmers. The Economic Survey has also highlighted numerous advantages:  

1. It targets to minimize the cost of cultivation to nearly zero and comes back to a manner of pre-green revolution farming. It 

eliminates farmers’ expenditure or investments through removing external inputs and using in-situ resources to rejuvenate 

soil, whilst simultaneously increasing incomes, and restoring ecosystem health through diverse, multi layered cropping 

systems. 

2. It demands that there is no obligation for application of expensive inputs like chemical fertilisers, pesticides as well as 

intensive irrigation. 

3. In the meantime, intercropping also allows increment in returns. 

4. Being a part of social and environmental programme, it assures that farming more specifically smallholder farming is 

economically viable due to enhanced farm biodiversity and ecosystem services. 

5. Cow dung obtained from local cows has demonstrated to be a miraculous remedy to restore the soil fertility and nutrient 

value as one gram of cow dung is supposed to have 300 to 500 crore beneficial soil microbes that decompose the dried biomass 

and convert it into ready to usable form of nutrients for plants. 

6. Resilient food systems are need of the hour given that the inconstancy of the monsoon season because of increasing global 

warming and declining groundwater in large tracts of our country. The drought-stricken areas in India are reportedly 

observing auspicious changes already in farms adopting the ZBNF. 

7. ZBNF requires only 10% water and 10% electricity than what is needed under conventional and organic farming.  

8. Zero budget natural farming can improve the potentiality of crops to accommodate to rapidly changing climatic conditions. 

9. At this crucial time when chemical intensive agriculture is leading towards soil and environmental degradation, a zero-cost 

environmental-friendly cultivation practice is absolutely a prompt or timely initiative which encourages soil aeration, minimal 

watering, intercropping, contour bunds and top soil mulching and discourages intensive irrigation and deep ploughing. 

10. ZBNF is suitable for all crops in all agro-climatic zones. 

Government Initiatives to Support ZBNF 

Government of India has been publicizing organic farming in the country through dedicated schemes like Paramparagat Krishi 

Vikas Yojana (PKVY) since 2015-16 and also through Rashtriya Krishi Vikas Yojana (RKVY). In the revised guidelines of PKVY 

scheme during 2018, different organic farming models like Natural Farming, Rishi Krishi, Vedic Farming, Cow Farming, Homa 

Farming, Zero Budget Natural Farming (ZBNF) etc. have been incorporated wherein elasticity or flexibility is assigned to the 

states to adopt any model of organic farming including ZBNF depending on farmer’s personal preference. 

The Constraints Related to ZBNF 

Various studies claimed that the wider adoption of zero budget natural farming as a technique to aid farmers to increase their 

income, can originally make India not sufficient to keep pace with the burgeoning population and to meet its requirement for 

food for all its population in coming decades. The population of India, which is currently 17.71% of the total world population, 

is predicted to increase by 33% from 1.2 billion in 2010 to 1.6 billion in 2050. Under ‘business-as-usual’ scenario by 2050, 60% 

of India’s population, equivalent to over 10% of the people on Earth, will experience severe deficiencies in calories, digestible 

protein and fat. To fulfil this enhanced requirement for food materials on shrinking agricultural land, crop production 

efficiency needs to be increased, but climate change, soil degradation and depopulation present further challenges to increased 

efficacy of Indian agriculture. Promoters of ZBNF reveal that the soil already contains all the essential nutrients needed for 

plant growth and development and that the action of microbial cultures added to the soil releases these nutrients from the soil 

itself.  

1. Though the method looks fairly simple and easy to adopt, there are certain fundamental constraints. Even if the inputs are 

freely available in nature, farmers have to bear the cost of labour for field work and cattle rearing, collection of dung and urine, 

and in the preparation of Jeevamrutha, neemastra and bramhastra. 

2. Besides health expenses of cattle, the cost of cattle feed is also quite high. Because of reduced grazing lands and vanishing 

small water bodies, fodder cost in recent years has skyrocketed making it as costly as milk. 
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3. ZBNF advocates the need of Indian breed cow, whose numbers are declining at a faster pace. According to Livestock Census, 

the country’s total population of indigenous and nondescript cattle has dropped by 8.1%. 

4. Sikkim (India's first organic state) has seen some decline in yields following conversion to organic farming. Many farmers 

have reverted to conventional farming after seeing their ZBNF return drop after a few years. While ZBNF has definitely helped 

to preserve soil fertility, its role in boosting productivity and farmers’ income isn’t conclusive yet. 

5. Low expenditure by the government: Last year, the government had launched Rashtriya Krishi Vikas Yojana, a flagship 

Green Revolution scheme with an allocation of Rs 3,745 crore for the financial year 2019-20 but Paramparagat Krishi Vikas 

Yojana, which was meant to promote organic farming and soil health has been allocated Rs. 325 crores only. 

Way Forward 

There is a host of structural marketing issues which needs to be addressed first before aiming to achieve the ambitious goal of 

ZBNF.  

1. Strengthening of agricultural market infrastructure. 

2. Extending the procurement mechanism to all food grain and non-food grain crops to all states. 

3. Implementation of price deficiency payment system for selected crops. 

4. Fixing minimum support prices (MSP) in consonance with the cost of cultivation. 

5. Abolishing minimum export price for agricultural commodities. 

6. Enacting legislation on ‘right to sell at MSP’ needs immediate attention. 

7. MGNREGA must also be linked with farm work in order to reduce the cost of cultivation which has escalated at a faster pace 

over the past few years. 

Unless these issues are resolved, the doubling of farmers' income will remain a distant reality. In this context, farmers’ ease of 

doing business and ease of living should also be taken into consideration. 

Conclusion 

One of the biggest announcements in Budget 2019 was to promote zero budget natural farming on a massive scale and the 

Finance Minister made a strong pitch for the implementation of ZBNF. However, the response to this proposal has been mixed, 

with some experts hailing this as a historic decision that would rejuvenate the beleaguered farm sector. 

Last year, NITI Aayog Vice-Chairman stated that it is one of the most potent methods to double farmers’ income by 2022. 

Welcoming the proposal, NABARD Chairman said that the move will help millions of farmers to cut down their input cost and 

practice sustainable agriculture. It is already being practised in Andhra Pradesh, Karnataka, Kerala, Himachal Pradesh, 

Uttarakhand and Chhattisgarh. The Economic Survey of 2018-19 reports that about 1.6 lakh farmers follow ZBNF. While ZBNF 

seems to have hit the right chord when it comes to environmental sustainability, enough data needs to be generated to 

conclusively prove that ZBNF is a potential solution and is scalable. Citing the benefits of ZBNF, in June 2018, Andhra Pradesh 

rolled out an ambitious plan to become India’s first State to practise 100% natural farming by 2024. Subhash Palekar was 

awarded India's fourth highest civilian award, the Padma Shri, in 2016 which was an important recognition for the ZBNF 

movement. However, in terms of tangible policy support, we are yet to see government action. 
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Brinjal Fruit and Shoot Borer (Leucinodes orbonalis) (Lepidoptera: Pyrallidae) is a very dangerous pest of brinjal and is 

reported to cause huge losses to the Brinjal and other solanaceaus vegetables. Leucinodes orbonalis was described and 

classified by Guenee in1854. It not only reduces the yield by making holes in shoots as well as in fruits but also reduces the 

aesthetic value of the fruits so loss get doubled. It is a monophagous pest feeds only on Brinjal however other plants belonging 

Solanaceae (Tomato, Chilly etc) are also reported to be hosts of this pest. The normal control measures like spraying of 

pesticides does not solve the problem instead making the environment polluted, ecological disturbance and vegetable 

poisoning. But if we understand the nature and behaviour of each life stage of the cycle, it is easy to replace poisonous chemicals 

with knowledge, local resources and skills. 

Damage 

Larva is an internal feeder it immediately bore into the nearest tender shoot or flower or fruit just after hatching, soon after 

boring into shoots or fruits, they plug the entrance hole with excreta. Caterpillars make tunnels and bore inside the petioles 

and midribs of large leaves of young plants. As a result, the affected twigs, flower and fruits dries up and may drop off. 

Larval feeding, inside shoots, result in wilting of the young shoot. Presence of wilted shoots in an eggplant field is the surest 

sign of damage by this pest. The damaged shoots ultimately wither and drop off. This reduces plant growth, which in turn, 

reduces fruit number and size. New shoots can arise but this delays crop maturity and the newly formed shoots are also subject 

to larval damage. Larval feeding in flowers results in failure to form fruit from damaged flowers. Larval feeding inside the 

fruit results in destruction of fruit tissue. The feeding tunnels are often clogged with frass. This makes even slightly damaged 

fruit unfit for marketing. The yield loss varies from season to season and from location to location. 

Bionomics 

Egg period: 3-4 days. About 150-350 creamy white eggs laid singly on leaves, tender shoots, flowers and developing fruits. 

Larva is stout, pink coloured with sparsely distributed hairs on warts on the body and brownish head. The larval period lasts 

for 12 - 15 days during summer season and 14 - 22 days during winter season. Pupa: 6-8 days in tough greyish cocoon on plant 

itself, boat shaped cocoon. Medium sized adult with white wings, flashed with triangular brown and red markings on 

forewing. Total life cycle: 17-50 days 

ETL 

1-5% of fruit damage. 

Management 

1. Avoid continuous cropping of brinjal and ratooning. 

2. Grow resistance varieties like Annamalai, Pusa purple round, Arka Kusumakar, Doli - 5. Chaklasi Doli, Pusa purple Long, 

Pusa Purple Round, SM 67, SM 68, Pant Samrat 

3. The fruit damage was significantly reduced when corianderintercropping was practiced in eggplant (antifeedant) (Satpathy 

and Mishra, 2011). 

4. Collect and destroy the damaged tender shoots, fallen fruits and fruits with bore holes to prevent population buildup 

5. Use light traps @ 1/ha to attract and kill the moths. 

6. Release egg parasitoids Trichogramma chilonis @1.0 lakh/ha. 

7. Spray Bt formulations of B. thuringiensis var. kurstaki such as Dipel @ 1.5 to 2 ml /L of water. 
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According to Ajit et al, lowest mean shoot infestation was seen by the use of Bacillus thuringiensis (13.31% shoot infestation) 

and Neem oil (15.05% shoot infestation) respectively. 

8. Spray any one of the insecticide starting from one month after planting at 15 days interval. Carbaryl 50 WP 2 kg + wettable 

sulphur 50 WP 2 kg, endosulfan 35 EC 1.5 L + Neem oil 1.5 L, Quinalphos 25 EC 1.5 L + Neem oil 1.0 L, NSKE 5%, Azadirachtin 

1.0% 1.0-1.5 L or  Fenpropathrin 30 EC 250-340 ml or  Thiodicarb 75 WP 625-1000 g Flubendiamide 20 WG, 375 g with 500 – 750 

L water/ha 

9. Avoid using synthetic pyrethroids as they cause resurgence of sucking pests. 

10. Avoid using insecticide at the time of fruit maturation and harvest. 

11. Uproot and burn old plants before planting new plants since they harbour pest and carry over infestation 
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Abstract 

In the past decade, the application of biological science in agriculture has increases to enhance crop productivity. The recent 

advances in genetic manipulation techniques are used to develop transgenic crops. The first-generation transgenic crops are 

created to make plant resistance to different insect-pests (Bt) or herbicides (HT) in cotton, soybean, maize, and canola. Some 

were engineered to become more resistant to disease and drought. Second and third-generation genetically modified crops are 

available and under development with the aim to improve and enhance agricultural characteristics, nutrition profiles, improve 

post-harvest processing, reducing environmental pollution, and enhanced yields or the potential to grow in harsh 

environments of major food crops. 

Introduction 

Food security is the major problem in developing countries and to fulfill the demand for food it is necessary to increase the 

production of food grains by developing the crop plant that produces more in less land and hence the importance of transgenic 

crops for developing countries is evident. There are some important considerations that reinforce the strategic importance of 

transgenic crops for developing countries. Firstly, the production from transgenic crops is potentially more in developing 

countries than the USA and Canada because the area of all crops is more in developing countries. Secondly, when it comes to 

yield it is significantly lower in developing countries than developed countries for many reasons but the important cause of 

yield losses is that crops in developing countries suffer much more from a sudden incidence of various abiotic and biotic 

stresses, due to less water availability, pests, weeds and diseases, for which current transgenic crops already offer improved 

protection. Third, and most importantly, it is in the many developing countries, not the developed countries, where millions 

of people suffer from malnutrition today and where transgenic crops could increase crop productivity and contribute to the 

mitigation of hunger and poverty which are linked with each other. Because of these three current issues related to developing 

countries, the transgenic crops should be an essential component of global food security in developing countries that integrates 

molecular breeding and biotechnological crop improvement applications to produce more food where the need is greatest, and 

where the welfare value of food is the highest.  

In the first era of transgenic crop development, majorly various insect-pest resistant crops have been developed. In 1994, the 

first transgenic Flavr-Savr tomato crop was released for commercial cultivation which inhibits the expression of enzymes 

involved in fruit ripening and the technology was effective because the fruits of tomato not only increase the self-life of fruit 

but also less susceptible to pathogen infestation. Rice has been bio-fortified with high levels of vitamin-A produce Golden rice. 

Other examples include the genetically modified oilseed crops available today provide enhanced oil profiles for processing or 

healthier edible oils. The broad range use and success of Bt- expressing cotton and corns and herbicide-resistant (glyphosate) 

soybean at commercial levels now reinforce to study a wide range of traits that could expand the products from such plants. 

The development of transgenic crops for the trait that contributed to increasing crop yield is important and it is also needed to 

develop the transgenic crops that produce quality nutritious food, reduces the environmental pollution, and improves post-

harvest processing also. Here we describe predictable future transgenic crops, which would be commercialized in next coming 

years, others that may reach commercial status during the next decade while other ideas of transgenic crops that will require 

extensive research before their development and release. 

1. Manipulation in Agricultural Characteristics: Besides the development of transgenic crops such as cotton, maize, soybean, 

canola, tomato, rice and many more, research is also been needed to engineer tree plants to make them insect-pest, disease 

resistance and to increase their rate of growth and development. For example, a Bt gene has been inserted into hybrid tree 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            425 | P a g e  
 

plants to protect them against the attack of insect-pest. Another important characteristic of the tree is the slower growth rate 

that required a number of years to grow. Knowledge of the interaction between beneficial microorganisms and plants could 

provide the foundation to modify the rate of plant growth and development.  

2. Tolerance to abiotic stress: The 70% reductions in agricultural products are due to abiotic stresses such as drought, heat, 

cold, salinity, etc. Major abiotic stress that limits crop production is drought. Furthermore, it has been observed that the rainfall 

pattern is shifted due to a global increase in temperature. Research is going on to develop the crop and tree varieties that 

tolerate abiotic stresses. Drought-tolerant phenotype could be based on higher water use efficiency (WUE) which increases the 

ability of a plant to extract more water from the soil. 

3. Improved Postharvest Processing: A number of traits are under development to adapt trees for several postharvest 

processing that would be available in the future. For example, genetic modification of tree plants in order to produce less lignin 

content which has more importance in the paper industry. Reduction in lignin content improves the pulping, the process by 

which wood fibers are separated to make paper. The trait sterility in a plant is engineered to restrict the gene flow, besides this 

sterility causes the trees to grow or develop faster and produce more wood, as energy would not be wasted in the production 

of flowers and fruits. Another important trait can be an engineer in a plant system that has the capacity to produce valuable 

complex compounds, given the simple input of some important micro and macronutrients. Genetic manipulation of maize for 

phytate content can reduce the pollution in post-harvest production. Corn contains a phytic acid store phosphorus in seeds 

and such mineral complex is not digested by livestock and ultimately it releases into lakes and ponds, where phosphorus can 

create algal blooms.   

4. Food Quality Improvement and Novel Products for Human Use: Plant engineer for nutritionally important trait benefits 

the human as well as animals. By altering the protein, carbohydrate, lipid, fatty acids compositions of seeds, creates nutritious 

food. For example, seeds of corn contain high starch and oil content, but are deficient in several amino acids like lysine, 

tryptophan, and methionine which are essential for humans and like stocks. Genetic engineering by silencing the genes that 

produce linoleic and linolenic acid produce a new product is soybean oil with ~85% monounsaturated fatty acid, which has 

good stability, healthier, and reduced off-flavors. In addition, to focus on all the above-mentioned components in food grains 

there is also a need to improve the minerals and vitamins content of food to prevent nutritional disorders. 

5. Mitigation of Environmental Pollution: Industrialization in urban areas pollute the soil with heavy metal pollutants, thus 

growing the transgenic plants could contribute to removing or detoxifying heavy metal pollutants in contaminated soil. The 

term used to describe this process is phytoremediation. Hence growing such plants is a solution for cleaning up the soil by 

growing such transgenic crops nearer to industrial areas. 

6. Industrial Feedstock: Modifications of the plant systems enable them to produce a number of biological chemicals and 

proteins that can be used in the industry to process the raw material. 

Conclusion 

The recent development in agriculture and advance transgenic technology could revolutionize the whole world, combat the 

global current and future demand not only in view of food grain production but also improve the other economic traits for 

humans and animal's welfare. Hence there is a need for next-generation transgenic crop development. 
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Introduction 

Red ring disease of palms is caused by red ring nematode (Rhadinaphelenchus cocophilus) and was first discovered in Triniad 

Coconut Palms during the year 1905. Red ring disease appears in several species of palm trees belonging to the family Palmae 

including Canary Island date palm, Cuban royal palm, date palm and most commonly in oil palm and coconut palms. Red ring 

disease of palm is one of the most important wilt diseases of these two palms causing about 10-15% annual loss. This nematode 

is transmitted to healthy palms by The American palm weevil (Rhynchophorus palmarum) during its feeding and oviposition 

(Hagley 1963, Griffith 1968). 

Taxonomic Position 

 Red Ring Nematode American Palm Weevil 

Kingdom      Animalia     Animalia 

Phylum      Nematoda     Arthropoda 

Class      Secernentia     Insecta 

Order      Aphelenchida     Coleoptera 

Family      Aphelenchoididae     Curculionidae 

Genus      Rhadinaphelenchus     Rhynchophorus 

Species      cocophilus     palmarum 
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Biology & Life cycle 

The wounds or cuts in the trunks of the palms attracts palm weevils. Palms which are already infected and dying from red ring 

disease emits a foul chemical smell that attracts more weevils (Giblin-Davis et al. 1996). At first the adult weevils which are 

already internally infested by the nematode attacks the palm trees.  R. cocophilus is found in the gut, body cavity and ovipositor 

of the weevils. During oviposition the adult female weevils release and deposit the J3 stage of nematode usually at the leaf axil 

or internodes. Then the nematodes enter into the tree via oviposition wounds where they eat, grow, reproduce and cause 

serious damage to palms, which becomes stunted and eventually gets killed by nematode infection. At first, the nematodes 

occupy the intercellular space in newly invaded tissue but later they inhabit both intercellular and intracellular space. Then 

they invade the parenchymatous tissue of the palm in a band where the red ring develops. The reason why these nematodes 

stay relatively confined to this zone is unknown. After hatching larvae of R. palmarum feed by burrowing through the coconut 

stems which are infected with R. cocophilus as a result of which the larvae become inoculated with the nematode. After 

immature nematodes enter into the larval body cavity via the gut tract, they remain inside them as the weevils undergo 

metamorphosis. The weevil larvae are infested with as many as 10,000 nematode juveniles. After maturing the adult weevils 

along with new batches of J3 nematodes leave the palm and infest a new tree. The nematodes do not reproduce inside the 

weevils (Chinchilla, 1991). The life cycle of R. cocophilus from egg to egg usually takes nine or ten days. 

Fig 3. Generalized lifecycle of Red Ring Nematode in Association with palm weevil 

Damage & Symptoms 

R. cocophilus infestation occurs more commonly in young trees 2.5-10 years old, however trees of 4-7 years old are mostly 

affected. The heaviest losses due to R. cocophilus occur at the end of the wet season and in the first 2-3 months of the dry season 

(Dec-Mar). Till now there is no record of full recovery of any affected tree. Symptoms of red ring disease vary with different 

Fig 1. Microscopic View of Red Ring 

Nematode 

Fig 2. Adult American Palm Weevil 
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palm species, age, variety and environmental factors. Internal damage can be observed within 2-3 weeks after R. cocophilus 

enters into the tissue of a healthy palm. 

The disease cannot be recognized externally in its very early stages. In coconut classical red ring symptoms include falling of 

young nuts (but the mature nuts remain unaffected), drying of inflorescences, yellowing, bronzing and progressive death of 

younger leaves. Already established leaves turns short, deformed and turn yellow-bronze, then deep reddish-brown. 

Discolouration of leaves usually starts from the tips of older leaves before moving to the younger ones and moves inward to 

the rachis and then to the base of the petiole. Several of the dying or dead leaves often break close to the petiole and remain in 

suspended condition hanging from the stem. As the leave changes colour they dry up, wilt and die. 

The most characteristic symptoms are the internal lesions. A transverse cross-section of an infected trunk, 1-7 feet above the 

soil level usually, reveals a discrete brick to brownish-red ring that is 2-7 cm wide and occurs 2-6 cm within the stem periphery 

beginning 2-3 weeks of infection. In longitudinal section, the tissue discoloration continuous throughout the length of the stem, 

appearing as two bands that unite at the base forming a 'U'-shaped discontinuous lesions near the crown but the meristematic 

tissue in the bud remains white and healthy. In the roots, the normally white soft cortex becomes orange to faint red in colour, 

and has a dry and scaly texture. 

 

Fig 4. Coconut palm showing withered, deformed yellow-brown leaves and red ring of trunk. 

Management 

This disease can be managed by scouting which is the most important aspect; early detection of infected trees may save other 

healthy palms. The yellowing and browning of leaves which is shown by many tress may not be due to R. cocophilus attack, 

so to prevent loss by unnecessary destruction of trees core sampling of stem should be done to determine the presence of 

nematode with a 2-cm pipe before taking control measures.  

1. Cultural Control: The diseased tree is said to become chemically attractive to vector weevils. If an infected tree is found it 

must be destroyed by cutting, burning and then removing. Cutting the affected palm into sections before burning will stop the 

young (grubs and pupae) emerging and carrying on the cycle. Leaving the stump behind can increase insect reproduction and 
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spread of nematode. Instruments used to cut infected palms should be thoroughly sterilized before coming in contact with 

healthy palm to check the nematode spread. 

2. Natural Control: Controlling the vector can be effective to control the red ring nematode and its disease. Use of traps is a 

cost-effective method of reducing the palm weevil’s population, their direct damage to palms and the spread of the nematode 

that it carries. Mass trapping can be done with baited traps or guard baskets having sugarcane lure and synthetic pheromone 

within and outside plantations. Traps should be kept at the borders of plantations which will stop weevils from entering into 

the area in the first place. It disrupts the normal cluster of the weevils to a random dispersal pattern. The pheromone lure 

targets the right (pest) species. Baskets are kept on the ground within the plantation of young palms @ 1 / acre. The baskets 

are left for about 2 weeks then the lure and chemical are burnt and replaced with fresh materials. This method is effective when 

weevils are most active during cool nights of dry seasons.    

3. Chemical Control: On severe infestation plants should be cut, sectioned, and treated with insecticide such as methomyl, 

monocrotophos, carbofuran, cabaryl, or lindane. For palm recovery nematicide, such as fenamiphos, oxamyl, and carbofuran 

can be injected into leaf. 

Management 

1. Chinchilla C.M., (1991). The red ring little leaf syndrome in oil palm and coconut palm. ASD Oil Palm Papers No.1, 1-17. 

http://www.asd-cr.com/ASD-Pub/Bol01/b01c1.htm (2 January 2002). 

2. Hagley E.A.C., (1963). The role of the palm weevil, as a vector of red ring disease of coconuts. Results of preliminary 

investigations. Journal of Economic Entomology. 56: 375-380. 

3. Giblin-Davis R.M., et. al., (1996). Chemical and behavioral ecology of palm weevils (Curculionidae:Rhychophorinae). 

Florida Entomologist 79: 153-167. 

4. Griffith R., (1968). The mechanism of transmission of the red ring nematode. J. Agric. Soc. Trin. Tob. 68:437-457. 
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What is Seasoning? 

It is the process by which moisture content in the timber is reduced to the required level to minimize structural problems when 

used in construction or to provide less smoke and more uniform combustion when used as firewood. A well-seasoned timber 

has 15% moisture content in it. 

Objects of Seasoning 

1. To impart hardness, stiffness, strength and better electrical resistance to timber. 

2. To maintain the shape and size of the timber, which are expected to remain unchanged in form.  

3. To reduce the tendency of timber to crack, shrink and warp. 

4. To decrease the weight of timber and thereby to reduce the cost of living. 

5. To make timber easily workable and to facilitate operations during conversions. 

6. To make timber suitable for receiving treatment of paints, preservatives, varnishes, etc. 

7. To make timber safe from the act of fungi and insects. 

8. To make suitable for joinery works. 

Methods of Seasoning 

1. Natural Seasoning: When seasoning of timber is carried out by natural air, it is called natural seasoning or air seasoning. 

2. Artificial Seasoning: Drying of timber under controlled conditions is known as artificial seasoning. 

Advantages of Natural Seasoning 

1. The moisture content of wood can be brought down to about 10 to 20 percent. 

2. It does not require skilled supervision.  

3. This method is cheap and simple. 

Disadvantages of Natural Seasoning 

1. Less control over air  

2. The drying of different surfaces may not be uniform. 

3. Chance of attack of fungi and insects during 

seasoning. 

 

Methods of Stacking 

1. Horizontal stacking: Used for railway sleepers, 

scantling, and even thin veneers.  

a. One and Nine method 

b. Close crib method 

c. Open crib method 
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2. Vertical stacking: Suited for rapid surface drying of specific species. 

 
Air Seasoning Sheds 

Prevent from strong sun, rain and wide fluctuations in temperature. They are long sheds provided with raised foundation 

pillars for stacking the timber. In most parts of India, the proper orientation for such sheds is East-West. These sheds can be 

made from materials such as mud walls, bamboo, bricks, galvanized iron sheets or even concrete.  

 

 

 

 

 

 

 

 

1. Shed Type 1: Roof with walls on four sides. 

a. Suitable for seasoning and storage of refractory hardwoods in hot and dry climates. 

b. Eg: Terminalia tomentosa and Anogeissus latifolia. 

2. Shed Type 2: Roof with the wall on three sides and one side open. 

a. Suitable for drying moderately refractory timbers. 

b. Eg: teak and rosewood. 

3. Shed Type 3: Roof supported on pillars with all sides open. 

Eg: mango, chir, Bombax ceiba. 

Advantages of Artificial Seasoning 

1. It reduces the time for seasoning. 

2. Make the drying more uniform and even.  
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3. Shrinkage, cracking and warping are minimized in artificial seasoning.  

4. The wood with desired moisture content may be obtained by the artificial seasoning. 

Disadvantages of Artificial Seasoning 

1. Expensive to set up.  

2. Skilled operator needed.  

3. Different drying schedules for different species. 

Methods of Artificial Seasoning 

1. Kiln Seasoning: In this method, timber is carried out inside an airtight chamber. Timber is arranged inside the chamber such 

that spaces are left for free air circulation. Humid and heated air of temperature of about 35-38oc is then forced inside a chamber 

by a suitable arrangement. It is allowed to circulate around the timber pieces. Evaporation from the surface of timber pieces is 

prevented because of the high humidity of the air. The heat gradually reaches inside the timber pieces. The relative humidity 

is now gradually reduced. The temperature is then increased and maintained until the desired degree of moisture content is 

obtained. 

2. Electrical Seasoning: It is done by passing high-frequency AC through the timber. The timber gets heated and dries out. 

This method results in the uniform seasoning of wood but the capital cost of equipment needed is more. It is a very rapid 

method. This method is used in the manufacture of plywood. 

3. Chemical Seasoning: In this method, green timber is soaked in a saturated salt solution of suitable salt and then removed 

and seasoned. The interior moisture is drawn out by the saturated salt solution and the interior part dries before the outer part. 

Less chance of external cracks. 

4. Water Seasoning: To remove the sapwood, the logs of wood are immersed in water, preferably in running water of stream 

or river from 2 to 4 weeks. Then it is dried out under open air. Warping and cracking can be avoided but become brittle and 

their strength has also reduced. 

Advantages of Seasoning 

1. The handling and transportation cost of wood can be reduced. 

2. Seasoned timber shows good resistance to decay. 

3. The timber should be seasoned before the application of paints, varnishes, preservatives, glues, etc. 

4. Ease the workability of timber. 

5. Dimensional stability of furnished products can be maintained. 

6. Improves the engineering properties of wood. 

Reference 

1. Dinwoodie J.M. (1996). Timber (Structure, Properties, Conversion, and Use) Macmillan Press Ltd. Hampshire and London. 

2. Google. 
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Processing and Health Benefits of Makhana Seed (Fox Nut) 

Article id: 23748 

Nivedita: SRF, FN (AICRP), GBPUAT, Pantnagar, Uttarakhand. 

 

Introduction 

Foxnut (Euryale ferox Salisb.) is one of the most important aquatic nuts produced in India. belonging to family Nympheaceae.  

The seed of fox nut commonly known as Makhana, Gorgon nut and black diamond, grown in stagnant perennial water bodies 

like ponds, Oxbow lakes, and swamps (Mani and Chatterjee, 2019). Makhana plant is considered as a native of South-East Asia 

and China, but distributed to almost every parts of the world. In India, it is distributed in West Bengal, Bihar, Manipur, Tripura, 

Assam, Jammu & Kashmir, Eastern Odisha, Madhya Pradesh, Rajasthan and Uttar Pradesh. Commercially it is grown in 

Mithilanchal districts of Bihar comprising areas of Madhubani and Darbhanga. These areas accounts for 90 percent of estimated 

75,000 tons of country’s total annual production of makhana. Keeping in view its commercial importance, a regional Centre 

was set-up to conduct research on various aspects of Makhana in Darbangha districts of Bihar under the administrative control 

of ICAR Research Complex for Eastern Region. A single Makhana plant produces about 100 seeds. (Kumar et. al., 2017). 

Kumar et. al. (2017) reported that makhana has nutritional and medicinal properties which are used in ayurveda from ancient 

times. It has high contents of carbohydrates, protein, minerals and low-fat content. Makhana is either eaten as raw puff or 

blended with vegetables and dal. It is considered superior to dry fruits such as almonds, walnut, coconut and cashew nut in 

terms of sugar, protein, and ascorbic acid and phenol content. In China it has been used as mandatory ingredient in baby foods 

(Mahawar, 2016) 

Harvesting of Makhana Seed 

Harvesting refers to the collection of scattered seeds, either from bottom of the pond or shallow water filed. Harvesting of 

Makhana is done in the month of August-October in the morning around 6.00- 11.00 am and it involves drudgery. A diver goes 

deep into the bottom surface of pond, lies down, hold his breath and drag the mud towards the bamboo pole locally known as 

“Kaara” with both palms. A heap of mud is formed near the base of bamboo pole which is later sieved with locally made 

bamboo screen called “Ganjaa”. (Khadatkar, 2015) The time required for collection depends upon the amount of seeds lying in 

the bottom of the pond or the fields (Kumar, 2011; Mani, 2019). 

Processing of Makhana 

1. Tools and Equipment Used During Post Harvesting: Mahawar, (2016) reported harvesting and processing of makhana 

seeds. 

2. Khonnghi or Deli: It is a small bamboo stick bucket with cylindrical shape. It is used for storing raw, popped seed and in 

polishing operation.  

3. Sieves: Sieves are made of iron sheets with wooden frames. In general, seven to ten sieves of different mesh sizes are used 

for grading of raw Makhana seed.  

4. Mats: Mats are used for sun-drying raw Makhana seeds before roasting.  

5. Iron pan: It is a cooking pan or utensil which is used for pre-heating and roasting of Makhana seeds.  

6. Aphara, Batna and Thaapi: These are wooden appliances made of hardwood, mostly of shisum or mango. Aphara is a 

platform on which roasted seeds are hit with flat wooden hammer called Thaapi.  

7. Chula’s (Earthen Pans): They are utilized for roasting the sun-dried seeds or guris without sand mix.  
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8. Bamboo Sticks: These are utilized to stir the Makhana seeds while roasting them. 

Processing Steps 

The processing is most important part of makhana cultivation. The processing steps are mentioned below (Mani, 2019).  

1. Sun drying: After harvesting seeds were cleaned and sun dried on mat or cemented yard for 2-3 hrs. Moisture content in 

harvested seed 37% by wt and dryed to reduce 31% for ease of transportation and temporary storage of seeds. Usually the 

seeds were stored at 20-25 days Storage of seeds so that before processing.  To maintain the freshness of foxnut seeds it is 

necessary to sprinkle the water at regular basis. 

2. Grading: The sun-dried seeds are graded in to 5 to 7 categories according to their size on sieves.  Grading are required for 

uniform roasting and increases the efficiency of processing of nuts. 

3. Pre-heating:  Sundried seeds are roasted in earthen pitcher and cast-iron pan over fire and stir them continuously. After 

preheating moisture content reduces approximately 20 percent. 

3. Tempering: Tempering of pre-heated seeds for duration of 48-72 hrs at ambient condition Tempering of seeds is done 

purposefully to loosen the kernels within hard seed coat. 

4. Roasting and Popping: Preheated and tempered nuts are roasted in cast iron pan with continuous stirring cracking of sound 

heard from the seed being roasted. Force applied by wooden hammer for breaking of outer hard shell of roasted seed on hard 

surface. As the hard shell breaks the kenels pop out is called as Makhana pop. (Jha1993) 

5. Polishing: It is done by rubbing action of Makhana pop among themselves in bamboo baskets. Polishing facilitates more 

whiteness and luster to the Makhana. 

6. Grading: The popped Makhana lawa is generally graded into two grades at the producer level- lawa and thurri. The lawa is 

swollen and white with reddish spots whereas, thurri is semi-popped, hard and reddish in colour. 

7. Packaging: Ordinary gunny bags for local markets and gunny bags with polythene lining are used for distant markets to 

pack popped Makhana. 

Nutritional Content and Health Benefits of Makhana 

It was found that, raw makhana seeds have the moisture content in the range of 9.94 to 10.80 percent (w.b). Protein content in 

makhana seeds ranged between 10.24 to 11.12 per cent the average fat content was 0.4 per cent in all the samples while makhana 

contained a good amount of fibre content 2.46 to 2.54 per cent and total ash content was 3.4 per cent. It strengthens the heart 

and is very useful in anemia. Makhana is an important ingredient which is used to strengthen spleen and kidneys. It contains 

low sodium and high potassium which reduces Blood Pressure and since it contains a very low amount of monosaturated fat, 

which prevents to increase blood sugar level. Besides, B.P and diabetes also help to control diseases like neuralgia, incontinence, 

chronic diarrhea and arthritis. Fox nut seeds are a rich source of macronutrient like Ca and Mg and also many micro-nutrients. 

It is nutritious and easily digested. Antioxidant activity of raw seed was maximum than that of popped ones, which was due 

to the outcome of processing at high temperature. (Jana et. al., 2019) 

Conclusion 

This is concluded from the study that popped makhana is developed by traditional method of harvesting in ponds and post 

harvesting processing viz: sundrying, preheating, tempering, and roasting etc. Makhana is either eaten as raw puff or blended 

with vegetables, dal, etc. The seeds are edible after being processed and highly nutritious. It falls under one of the superior 

food qualities, which is reflected by high amino acid content. It is not only nutritious but also healthy food for health-conscious 

people. 
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Introduction 

Adulteration is the act of addition of substances to a product that makes it unfit for consumption. These impurities are added 

to substitute the contents of a product at a cheaper rate to increase the quantity. Milk adulteration is one of the most common 

and old form of adulteration. This is because India is the largest country in milk production and consumption according to the 

National Dairy Development Board, India. As the population increases, the demand will increase because there will be more 

mouths to feed. To meet the exponentially increasing demand, adulteration is being employed on regular basis. 

Adulteration not only includes the intentional addition or substitution of materials but also the incidental contamination during 

the process of preparation, storage and transportation. Adulterated food has adverse effects on heath because of the toxic 

nature of the substituting compounds or lack of compounds of nutritional value. 

The most common adulterants added to milk are water, detergent, starch, cane sugar, glucose, urea, oils etc. 

Detection of Water in Milk 

1. Put a drop of milk on a polished slanting surface. 

2. Pure milk either stays or flows slowly leaving a white trail behind. 

3. Milk adulterated with water will flow immediately without leaving a mark. 

Detection of Detergent in Milk 

1. Take 5 to 10 ml of sample with an equal amount of water. 

2. Shake the contents thoroughly. 

3. If milk is adulterated with detergeny, it forms dense lather. 

4. Pure milk will form very thin foam layer due to agitation. 
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Detection of Starch in Milk 

1. Boil 2-3 ml of sample with 5 ml of water. 

2. Cool and add 2-3 drops of tincture iodine. 

3. Formation of blue colour indicates the presence of starch. 

 

Detection of Cane Sugar in Milk 

1. Take5 ml of milk sample in a test tube, add 1 ml of conc. HCL and 0.1 g of resorcinol. 

2. Place the tube in boiling water bath for 5 min. 

3. Formation of red colour indicates the presence of cane sugar. 

Detection of Glucose in Milk 

1. Take 1 ml of milk sample in a test tube.Add 1 ml of modified Barefoed’s reagent. 

2. Heat the mixture for exact 3 min in a boiling water bath and then rapidly cool under tab water. 

3. Add 1 ml of phosphomolybdic acid reagent to the turbid solution and observe the colour. 

4. Formation of deep blue colour indicates the presence of cane sugar. (In case of pure milk only faint bluish colour due to 

Barefoed’s reagent.) 

Detection of Urea in Milk 

1. Take 5 ml of milk sample in a test tube. 

2. Add 5 ml 1.6% P-Dimethylamino benzaldehyde (DMAB) reagent and mix. 

3. Formation of distinct yellow colour indicates the presence of added urea in milk. (Normal milk shows a slight yellow colour 

due to presence of natural urea.) 
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Introduction 

1. Zinc is essential micronutrient for the plant growth and development. 

2. Zinc element was discovered by A.Lz. Sommer and C.B. Lipman in 1926. 

3. Zinc concentration in plants ranges between 25 to 150 ppm. 

4. Total content in surface soil 7 to 1000 ppm. 

5. The critical limits of Zn in soil 0.6 ppm. 
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Figure 1: Zinc cycle in soil 

Forms of Zinc 

1. Mostly uptake by plants in the form of Zn+2 ion. 

2. Complexed with soil organic matter. 

3. Present as in soil solution. 

Availability of Zinc in Sodic Soil 

1. Availability of Zn decrease with increase in soil pH. 

2. High phosphorus availability induces Zn deficiency. 

3. Zn2+ predominating at soil reactions below pH 7.7. Above pH 7.7 = Zn (OH). At 9.1 pH = ZnOH+2 formed hence Zn is 

unavailable to plants. 

 

Functions of Zinc 

1. Zinc is involved in enzyme activation. 

2. Involve in synthesis of auxin (tryptophane). 
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3. Zn influences translocation and transport of P in plants. 

4. It helps in synthesis of RNA. 

5. It is associated with water uptake. 

6. Involved in the production of chlorophyll and protein. 

7. Zinc stimulates the plants to sustain under dry and hot weather condition as well as also against bacterial and fungal disease. 

8. Antagonistic effect with Ca & P. 

9. Zn plays an important role in nitrogen metabolism and protein synthesis. 

Deficiency Symptoms of Zn 

1. Zn deficiency in plants may be expected when the plant concentration is less than 20 mg per kg dry matter. 

2. Zn deficiency mainly found in sodic soil because high soil pH.  

3. Zn deficiency symptoms are seen on the growing points and young leaves 

4. Light green yellow color of leaf. 

5. Necrosis in leaf areas. 

6. Shortening of stem internodes. 

 

 

 

 

 

 

 

 

By Deficiency of Zn 

1. Khaira disease in rice. 

2. Little leaf in cotton. 

3. White bud in maize. 

4. Frenching / Mottle leaf in citrus. 

Toxicity of Zn 

1. Zn toxicity can occur when concentrations exceed 400 mg per kg dry matter.  

2. Occurs at low pH. 

3. Growth reduction. 

4. Leaf chlorosis  

5. excessive Zn influences the availability of other nutrients like Fe, Cu, P, Mn. 

Table 4: Source of Zinc Fertilizers 

Fertilizers Chemical formula Zn (%) 

Zinc Oxide ZnO 78 

Zinc chloride ZnCl2 45-52 

Zinc carbonate ZnCO3 52 

Zinc phosphate Zn3(PO4)2 51 

Zinc sulphate monohydrate ZnSO4.H2O 33 

Zinc sulphate heptahydrate ZnSO4.7H2O 21 
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Mode of Application 

1. Soil Application: generally, 25 kg/ha is recommended on Zn deficient soils.  

a. Band placement – This method is more effective in sodic soils. 

b. Broadcasting placement  

2. Foliar spray: 0.5% ZnSO4 solution is recommended. 

Factors Affecting Uptake of Zinc Element 

 

Management 

1. Quality of irrigation water 

2. Zinc application – Zinc through zinc sulphate (ZnSO47H2O) 12.5mg/kg soil mixing in soil before sowing. 

3. Zinc enriched FYM/ Vermicompost- The quantity of 200mg ZnSO47H2O per 100g FYM or Vermicompost mixing. 

4. Application FYM + ZnSO4 increase the DTPA-Zn content in soil. 
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Soil Types in India and their Properties 

Article id: 23751 

Rewangini Ranjha: Dr. Khem Singh Gill Akal College of Agriculture, Eternal University, Baru Sahib, Rajgarh, H.P 

 

The Soil 

The name soil has been obtained from the Latin word 'solum' which means ground. It is formed of the inorganic, organic 

components, living organisms like bacteria, fungi and algae and also air and water which take place at pore spaced between 

soil particles. It constitutes the topmost layer of the Earth's surface. 

How is Soil Formed? 

Soil originates from rocks, also called the 'parent material'. Soil development starts when rock is disclosed to the atmosphere. 

The properties of the soil will depend upon the kind and nature of parent material and how the soil is developed. Atmospheric 

circumstances play a requisite role in both the process and rate of physical and chemical breakdown of the parent material. 

Step 1: Rocks fragment due to weathering (rock sediments deposit at the site of destruction) and/or erosion (The broken rock 

materials transport to other locations). 

Step 2: It transports through water, wind etc. and deposited in the form of sediments and produces soil. 

Factors Affecting the Formation of Soil 

1. Parent materials 

2. Topography 

3. Climate 

4. Organisms 

5. Time 

Soil Horizon and Profile 

Any soil is composed of layers, also called horizons. Horizons put together, create a soil profile. Each profile represents a story 

concerning the life of the soil. There are usually six horizons that form the soil profile. 

Minerals in Soil 

There are two types of minerals present in the soil. 

1. Primary Minerals: Mainly silicate minerals with different proportion of Aluminum, Calcium, Sodium, Iron and Magnesium) 

2. Secondary Minerals: Clay, Mineral Oxides etc. 

Functions of Soil 

The soil has four very major functions (apart from other usages) 

1. Being a base/medium for plant growth (essential for life in our ecosystem) 

2. Being a means of storage, supply and purification of water 

3. Being a modifier of Earth's atmosphere 

4. Providing natural habitat and support for life.  

Types of Soil in India 

The soils of India have been classified depending on how they are formed, their colour, composition etc. 
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The Major Classification of Indian Soils 

The Indian Council of Agricultural Research (ICAR) divided the Indian soils into eight major groups. 

1. Alluvial soil: The alluvial name is given from alluvium which means deposition of sediments by rivers. These soils are 

formed by deposition of sediments by any transportation methods like water, wind and ice etc. These soils are refreshed every 

year. These soils are an extensive group for agricultural production and covered the largest area around 39.4 % of the total 

geographical area of the country. It occupies about 113 Mha in Indo-Gangetic plains, Brahmaputra valley and coastal area. 

a. Location: Mainly found in the northern plains and river valleys where the rivers accumulate the sediments. In the 

peninsular province, they are located in the coastal areas. It is disseminated in Punjab, Haryana, Uttar Pradesh, 

Uttrakhand, Bihar, West Bengal, Assam and East & West Coast etc. 

b. Nutrients: Alluvial soils are abundant in plant available nutrients with an irregular pattern of organic matter. These 

soils are adequate in phosphorus and potassium, but deficient in nitrogen and organic matter content.  

c. Texture: It is fickle in texture, depending on nature and type of parent material and area of deposition. Sand content 

declines from west to east of the country. It is usually Sandy to silty loam or clay. Alluvial is largely loams, i.e. mixtures 

of sand, silt and clay. Taxonomically soils include generally 4 orders like Entisols, Inceptisols, Alfisols and Aridisols. 

d. There are two kinds of alluvial soils: 

i. Khadar Soils: It is new soil and is highly productive. The new alluviums are lighter in colour and occur in 

the deltas and the flood plains. These regions are inclined to flooding that become accessible for agriculture 

when a river alters its route. 

ii. Bangar Soils: It is old soil and the old alluviums are clayey and sticky, have a darker colour, include nodules 

of lime concretions and are observed to lie on slightly raised lands. it is more porous and less fertile & less 

prone to flooding. 

e. Major crops: If precise irrigation is done, it can be practiced for most of the agricultural and      vegetable crops. The 

alluvial soils produce healthy crops of sugarcane, tobacco, cotton, rice, wheat, jute, maize, oilseeds, vegetables and 

fruits. 

f. Constraints: These soils are decline leaching and drainage due to hardpan underneath the surface and seldom 

extreme sandy texture near the sources that encourage leaching of water and plant available nutrients, flooding 

situations make inadequate aeration for plant growth and development. 

2. Red soil: These soils are named Red soil because it's red colour due to rich in sesquioxides or broad distribution of iron in 

volcanic and metamorphic rocks (rocks of Archean origin) rather than the too high percentage of iron content. Yellow colour 

forms due to Hydration of sesquioxides. These soils are developed wherever precipitation is low. These soils are commonly 

sandy and cannot maintain moisture for a long period. Red soils occupy approximately 85.7 Mha area of the total geographical 

area of India. 

a. Location: It is principally located in semi-arid to warm humid tropical climate of some parts of Deccan plateau, 

Odisha, Chhattisgarh, Tamil Nadu, Karnataka, Goa, Maharashtra, Madhya Pradesh, Eastern and northeastern regions 

of Bihar, Jharkhand, West Bengal, Assam and Uttar Pradesh etc. 

b. Nutrients: Red soils are inadequate in nitrogen, phosphorus and potassium but respond well to potassium 

management. These soils are also deficient in organic matter and lime contents. 

c. Texture: These soils are extremely mutable in texture varying from loamy sand to clayey, but usually very from loam 

to clay loam in texture. They are shallow in heights to very deep and fertile in the plains and valleys. They are well-

drained due to texture and topographic location. Taxonomically soils cover commonly 4 orders like Entisols, 

Inceptisols, Alfisols and Aridisols. 

d. Other Properties: It is red to yellow which gives by the film of ferric oxides on the soil particle surface. The red 

colour occurs due to haematite or anhydrous FeO and yellow due to limonite. The SiO¬2 / sesquioxides ratio ranges 

from 2.5-3.0. The CEC and Base saturation are lower than black and alluvial soils. These soils are abundant in kaolinite 

(1:1) clay minerals.  
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e. Major Crops: These soils are very productive. Red soils work well by the precise application of fertilizers and 

irrigation. It produces excellent yields of cotton, tobacco, groundnut, oilseeds, wheat, rice, pulses, millets, jute, tea, 

soybean, potatoes and fruits. 

f. Constraints: These soils possessing the limitation of soil depth, very superficial at upland regions, meager water and 

nutrient holding potential, surface crusting and solidification, excessive drainage and runoff, inadequate soil fertility. 

Under good management systems, these soils can perform well for crops. 

3. Black / regur soil: These soils are black and are also termed 'Regur' and 'black cotton soils' because cotton is the most 

significant crop planted on these soils. These soils include about 55 Mha of the total geographical area of the nation. The black 

appearance of these soils is due to the bearing of a minute proportion of titaniferous magnetite or even to iron and black 

ingredients of the parent rock and clay humus complexes. 

a. Location: Black soils are frequently found in Maharashtra, Madhya Pradesh, Gujarat, Rajasthan, Chhattisgarh, 

Andhra Pradesh and Tamil Nadu. 

b. Nutrients: These soils are deficient in nitrogen, phosphorus and sulphur but include Lime, Potash and Magnesium 

in good quantity. These are impermeable and exhibit wide cracks while the dry season due to swell-shrink 

characteristics of the soil. This allows oxygenation of the soil to adequate depths making it highly fertile. They can also 

retain moisture and nutrients very well. 

c. Texture: These soils are highly clayey with clay content varying from 30% to 80% and pH extending from 7.8 to 8.7 

or sometimes up to 9.5. These soils are abundant in smectite clay minerals with great CEC (30-60 cmol (p+) kg-1). 

Taxonomically it includes 3 orders Vertisols, Inceptisols and Entisols. 

d. Other Properties: The principal characteristics are swell-shrink nature due to the formation of soil from basaltic 

parent materials under semi-arid to sub-humid climatic conditions. These soils pose a churning process of mixing soils 

which creates wide and deep cracks in the soil. It exhibits properties like gilgai micro-relief and intersecting slicken-

sides. 

e. Major Crops: Black soils are abundant in chemical characteristics and very suitable for the growth of cotton. So, they 

are also called black cotton soil. Other important crops are wheat, jowar, linseed, sunflower and millets etc. Rice and 

sugarcane are also grown where proper irrigation facilities are available. 

f. Constraints: these soils inherently fertile but workability is quite challenging due to narrow soil moisture limit, low 

infiltration rate and inadequate drainage, poor moisture and nutrient availability for plant growth and due to swelling 

and shrinking quality of the soil. These soils are very difficult to cultivate and architecture of buildings due to swelling 

shrinking nature of the soil. 

4. Laterite soil: The word 'laterite' (from Latin letter meaning brick) was presented by Buchanan in 1807 to a clayey rock, very 

ferruginous, vesicular and unstratified material, hardening on exposure, recognized in Malabar hills. It occupies commonly 18 

Mha area of India. These soils are developed in the regions with high temperature and high rainfall (alternate wet and dry 

seasons). High temperatures assist in the disintegration of humus by Bacteria while high rainfall leaches silica and lime and 

sesquioxides left behind the aforementioned process called lateralization. As a result, these soils become acidic and rich in 

aluminum and iron oxides. Laterite soils do not maintain moisture and it becomes so soft when wet and so hard when dried. 

These soils are usually infertile. 

a. Location: Laterite soils are located in South Maharashtra, the Western Ghats in Kerala and Karnataka, at places on 

the Eastern Ghat, in some parts of Assam, Tamil Nadu, Kerala, Madhya Pradesh, Assam Karnataka, Odisha and in 

western West Bengal (particularly in Birbhum district).  

b. Nutrients: These soils are commonly deficient in bases and silica due to extreme leaching and addition of 

sesquioxides so the soil is acidic. Organic matters of the soil will be decomposed fast by the bacteria due to high 

temperature. The humus will be taken immediately by the trees and other plants. Thus, these soils are deficient in 

organic matter and nitrogen, phosphate potassium, zinc and calcium.  
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c. Texture: These are strongly weathered soils with great clay content. Taxonomically it comprises 2 orders usually 

Alfisols and Ultisols. True laterite soil develops under Oxisols order which is not located in India. 

d. Other Properties: The silica sesquioxides ratio is less than 2 and kaolin clay minerals predominate in these soils. 

They have low CEC and Low base saturation (<40%). 

e. Major Crops: This soil (not very fertile) is practised for the cultivation of cotton, rice, wheat, pulses, tea, rubber, 

banana, coconut, coffee, etc. This is also practised in cashew-nut cultivation. 

f. There are types of Laterite Soils based on their particles: 

i. Deep Red Laterite: Have an abundance of iron oxide and potash but less amount of Kaolin (clay). It is not 

fertile. 

ii. White Laterite: The colour is due to plenty of Kaolin. These soils lose fertility immediately. 

iii. Underground Laterite: The upperparts are diffused mainly in iron which immerses down below the upper 

layer. This produces the soils fertile. 

g. Other uses: It is beneficial for making bricks because of the appearance of a huge amount of iron. 

h. Constraints: these soils are insufficient in P, K, Ca, Zn, B and very acidic and toxicity of aluminium and manganese. 

Liming is not realistically feasible due to the immense cost of transportation. 

5. Arid/desert soil: The desert soils found in arid regions due to low rainfall and high evaporation, the soils become insufficient 

in humus and moisture due to high temperature. In the inadequacy of enough rain, the soils have converted saline and rather 

unfit for cultivation. However, proper irrigation results in reasonably good crop yields. It holds 26.3 Mha area of the total 

geographical area of India. The colour of this soil varies from red to brown and light brown. 

a. Location: The region west of the Aravalli has arid soils. It includes North-West India states like Rajasthan, Gujarat 

and part of Punjab, Haryana and cold desert, Leh and Ladakh regions. 

b. Nutrients: These soils saline in nature due to the high salt content. It has poor fertility status particularly in nitrogen, 

phosphorus, potassium and zinc but abundant in plant food. These soils comprise low moisture and humus. Some of 

these soils hold large portions of soluble salts are alkaline with varying degree of calcium carbonate and are deficient 

in organic matter. 

c. Texture: These soils are sandy and have low clay content. Taxonomically, it covers Aridisols and Entisols. 

d. Major Crops: Mainly drought-resistant and salt-tolerant crops such as barley, rape, cotton, wheat, millets, maize 

and pulses are raised. 

6. Peaty/marshy soil: Peaty and Marshy soils are developed in humid zones as a result of deposition of huge quantities of 

organic matter in the soils under waterlogged situations. The peaty soils are black and heavy. These soils contain a substantial 

amount of soluble salts along with 10-40 per cent of organic matter. These soils called acid sulphate soils or cat clays; saline 

peat soil of Kerala is termed "Kari Soils". 

a. Peaty Soils: Highly salty and rich in organic matters. But they are deficient in potash and phosphate. Most of the 

peaty soils are underwater during the rainy season but as quickly the rains discontinue, they are put under paddy 

cultivation. These are principally observed in Kottayam and Alappuzha districts of Kerala where it is called Kari. 

b. Marshy Soils: These soils are the result of water-logging and the appearance of iron and a different amount of 

organic matter. These are observed in the coastal regions of Orissa and Tamil Nadu, Sundarbans of West Bengal, in 

Bihar and Almora district of Uttaranchal. 

c. Crops: These soils are usually covered with water throughout the monsoon and they are used for rice cultivation as 

soon as the monsoon passes. 

7. Saline & Alkaline soil: These soils are subject to saline and alkaline efflorescence and are acknowledged by different names 

such as Reh, Kallar, Usar, Thur, Rakar, Karl and Chopan. The salt-affected soils occur in an arid and semi-arid climate and 

occupy 6.74 Mha areas. There are many undecomposed rock and mineral fragments which on weathering liberate sodium, 

magnesium and calcium salts and sulphurous acid. The accumulation of these salts makes the soil sterile and executes it 
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inappropriate for agriculture. It has been concluded that about 1.25 million hectares of land in Uttar Pradesh and 1.21 million 

hectares in Punjab has been affected by Usar. 

a. Nutrients: Some rock and mineral fragments release sodium, magnesium, calcium salts and sulfurous acid on 

weathering. These salts are carried by rivers and consequently into the deeper soils. These salts are then moved from 

lower layers to the topsoil layer due to evaporation. 

b. Location: These soils are mainly located in AP and Karnataka. These are also located in drier parts of Bihar, Uttar 

Pradesh, Haryana, Punjab, Rajasthan and Maharashtra. 

c. Major Crops: Accumulation of the salts causes the soil infertile and renders it unfit for agriculture. 

8. Forest & mountain soil: Forest and Mountain Soils are mainly observed on the hill slopes covered by forests. This soil holds 

about 9 per cent of the total land area of India. These soils are developed by the deposition of organic matter obtained from 

forest growth. These soils are heterogeneous and their nature changes with parent rocks, ground-configuration and climate. In 

the Himalayan region, such soils are chiefly detected in valley basins, depressions, and less steeply inclined slopes. Generally, 

it is the north-facing slopes which promote soil cover; the southern slopes being too precipitous and exposed to denudation to 

be covered with soil. 

a. Location: These soils are seen mainly in the Himalayan region, Western and Eastern Ghats as well as in some parts 

of the peninsular plateau, Jammu and Kashmir, Himachal Pradesh and Uttaranchal. 

b. Nutrients: These soils are rich in humus but are insufficient in potash, phosphorus and lime. Therefore, they need 

fertilizers for good yields. 

c. Major Crops: Good for plantations of tea, spices, coffee and tropical fruits in Karnataka, Tamil Nadu and Kerala and 

wheat, maize, barley and temperate fruits in Himachal Pradesh, J&K and Uttaranchal. 
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Introduction 

Water is an important part of our day-to-day life. Human civilization depends heavily upon the water. Although more than 

70% of the earth’s surface is covered with water, we can only use merely 1% of the total water. As we know about 97.3% of the 

world water is saline and only 2.7% is fresh water, in this 75.2% of fresh water is in ice caps and glaciers, and is not available 

for the requirement of mankind, and 22.6% freshwater occur as groundwater, of this freshwater 56% of groundwater lies in 

water-bearing formations deeper than 800 meters below ground surface and 44% of groundwater lies at a depth less than 800 

meters below the ground surface. In nature, groundwater is a key element in many geological and hydrochemical processes, 

which maintains lakes, river base flows, spring discharge and wetlands of all the water cycle characteristics. But due to rapid 

industrialization, population increase, intensive agriculture, and urbanization the use of water has been considerably increased. 

In the present scenario groundwater is the main source of water supply to urban, rural, industry and most importantly in 

agriculture. As according to the given scenario, it is required to use the available groundwater efficiently. However, 

exploitation of the groundwater should be carried out together with the recharging in order to maintain the long-term 

sustainability of water resources. Groundwater recharge is a hydrological process of downward movement of water from earth 

surface to groundwater and it is a leading hydrological parameter for determining the groundwater resources availability. The 

recharge of ground water occurs both naturally and artificially. Ground water development has, therefore, occupied an 

important place in stabilizing agriculture and as a means for drought management. Therefore, proper understanding of 

groundwater system dynamics of any region is very essential for the establishment of suitable technique for artificial 

groundwater recharge. 

Natural Recharge 

The natural recharge occurs through the process of infiltration where the water percolates from the surface to the bed of the 

aquifer. It generally results from snowmelt, precipitation, and to a smaller extent by surface water (rivers and lakes). The spatial 

and temporal distribution of the rainfall mainly controls the natural groundwater recharge. Natural rechrage measurments 

carried out in about 20 river basins across india suggest that about 15-20 percent if seasonal contributes to groundwater 

recharge in indo-gangetic plains (Athavale et al., 1992).  

1. Conditions Favorable for Water Discharge 

a. Sandy or permeable soil 

b. Rocky strata with fractures 

c. Perennial rivers and streams 

d. Forest land 

e. Comparatively level land with less slope 

2. Causes of Reduction in Natural Recharge 

a. Deforestation  
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b. Development of urban areas which reduces open land for recharge. 

c. Reduction in agricultural land 

d. Insufficient and irregular rainfall 

e. Overuse of water by industries situated on river banks 

f. Discharge of polluted water is a natural flow of water reduces infiltration capacity of  

h. soil as pores of soil gets blocked with impurities. 

Artificial Recharge 

Artificial recharge is a controlled type of recharge which refers to the transfer of surface water to the aquifer through human 

efforts for augmentation of the groundwater resources. It can be carried out when natural recharge cannot fulfill the 

requirements throughout the year.  

 
Fig: Different direct and indirect artificial recharge techniques (CGWB, 2007). 

1. Direct and Indirect methods of artificial recharge 

a. Flooding: This method is suitable for artificial recharge where the topography is relatively flat with zero slope, 

without hills or valley. Here, the area is to be recharged is not given any treatment. The area is completely flooded 

without removal of any vegetation or soil covering.  Water is diverted from stream to supply ditch then to field ditches 

to recharge the groundwater. This method is simple and cost of recharge is very less. 

b. Ditch and furrow: In this system shallow or deep ditches are constructed across the slope depending on type of soil, 

vegetation, soil topography, and slope of the land. Because of which rainwater or irrigation water remains on these 

ditch and furrow for longer duration due to this reason water gets maximum infiltration time helping in groundwater 

recharge. 

c. Recharge basin: In this method area is divided into small basin by constructing small embankments. For effective 

recharge, the depth of water in the basins is kept about 1.25 meter. If water remains stable in the basin the rate of 

infiltration reduces. Therefore, for effective recharge, water should remain flowing in the basin and flow should be 

along the diagonal. 

d. Surface irrigation: Surface irrigation is where water is applied and distributed over the soil surface by gravity. It is 

the most common form of irrigation throughout the world and also helps in groundwater recharge. 
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e. Artificial recharge through injection wells: These are structures similar to a tube well but with the purpose of 

increasing the groundwater storage of a confined aquifer by pumping in treated surface water under pressure. It is the 

only method for artificial recharge of confined aquifers. 

f. Connector wells: Connector injection well where saturated shallow aquifer and over-exploited confined aquifers are 

tapped in a single well, allows freefall of water from shallow aquifer into the deeper aquifer, thereby reducing cost of 

injection. 

g. Bore blasting: This method is used in massive and crystalline hard rocks to create more storage space of 

groundwater artificially by fracturing the bed rocks. 

h. Hydro fracturing methods: It is a well development process that requires injecting of water under high pressure 

into a bedrock formation via the well. It is a process designed to increase the amount of water in existing dry and low 

yield water wells. 

2. Advantages of Artificial Groundwater Recharge 

a. Aquifers may be used for the storage and distribution of water and for removing contaminants by natural cleaning 

processes that take place as polluted rain and surface water infiltrate the soil and percolate down through the various 

geological formations. 

b. The technology is sound and generally well understood, both by technicians and the general population. 

c. Very little special equipment is needed to construct drainage wells. 

d. In rock formations with high structural integrity, few additional materials (concrete, soft stone, coral rock blocks, or 

metal rods) may be needed to construct the wells. 

e. Groundwater recharge stores water during the wet season for use in the dry season, when demand is highest. 

f. Aquifer water can be improved by recharging with high-quality injected water. 

g. Recharge can increase the sustainable water yield of an aquifer significantly. 

h. Recharge methods are environmentally attractive, particularly in arid regions. 

i. In many river basins, controlling surface water runoff to provide aquifer recharge reduces sedimentation problems. 

j. Recharge with less saline surface waters or treated effluents often improve the quality of saline aquifers, facilitating 

the use of their water for agriculture and livestock. 

Factors Affecting Groundwater Recharge 

Recharge can vary markedly both within and between basins because of variations in precipitation, geological and 

geomorphological arrangements. Factors influencing the recharge rates are soil, climate, land use, land cover, sub-surface 

geology, existence of water bodies, storage capacity of the aquifer, depth of the aquifer etc. 

Conclusion 

The growing need and competition of water in today’s world will bring more and more attention to groundwater resources 

and then more and more depletion. To properly manage groundwater resources one need accurate information about the 

inputs (i.e., recharge), methods involved (i.e., natural and artificial recharge) and outputs. However, artificial recharge of 

groundwater is an established practice, and a long history of experimentation clearly shows the benefit this technology can 

bring. Thus, artificial recharge is likely to receive increased emphasis in the future with sustainable use of groundwater. 
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Introduction 

Heavy metals are any metallic elements that have a relatively high density and their presence even at low concentrations is 

toxic or poisonous to plants. Heavy metals are naturally occurring elements generally having high atomic weight, >20 and 

density at least 5 times greater than that of water, >6 g/cm-3 (Hawkes, 1997, Rascio and Navari-Izzo, 2011). They are also 

known as trace elements because they are naturally available in low concentrations below toxic levels. Some of these heavy 

metals serve as micronutrients which are essential for the growth of biological organisms. The term heavy metal is therefore 

used to refer a group of metals and semi-metals (metalloids) that have the potential to contaminate both biological as well as 

non-biological entities. Most of the heavy metals are immobile in nature and consequently persistent in soil because of their 

ability to intimately associate with soil and organic colloids. These heavy metals are found naturally in the soil due to 

weathering and other pedogenic processes on rocks. However, industrialization, production of anthropogenic bio-solids and 

agrochemical wastes have increased the accumulation of heavy metals that have immensely altered the geochemical cycles and 

biochemical balance of the soil thereby raising concerns over their potential effects on human health, plants as well as the 

environment (Kashem et al., 2009).  

The commonly found heavy metals in the environment are Aluminum (Al), Iron (Fe), Cadmium (Cd), Copper (Cu), Lead (Pb), 

Zinc (Zn), Chromium (Cr), Nickel (Ni), Barium (Ba), Silver (Ag), Cobalt (Co), Mercury (Hg) and Antimony (Sb). Some of these 

elements are essential for many physiological functions and different biological processes, whereas others have no known 

biological functions (Fässler et al., 2010). These elements are present in the soil, fungicides, fertilizers, animal waste, urban 

trash, sewage sludge and deposits of industrial dust. Hence, their presence has the potential to increase its concentration in 

soil, making them toxic (Li et al., 2015). Li et al., (2015) also disclosed that the effects of toxicity brought about by the soils 

contaminated with heavy metals are due to the diverse forms in which they are available to the plants. Heavy metals that are 

soluble and exchangeable forms are the most troublesome because they have greater bioavailability. In the soluble form, these 

metals are found to be in an ionic form or organic complex and thereby they are easily absorbed by the plants. The heavy metals 

coexist with other contaminants since they form homogeneous non- crystalline colloids, causing a combined effect in the 

environment. The distribution, bioavailability, and toxicity are also dependent on the adsorption, absorption, and coordination 

among the different heavy metals in the soil (Wang et al., 2009). Unlike organic contaminants, heavy metals do not undergo 

microbial degradation and therefore, the concentrations of these metals persist for a longer period of time after its entry in the 

soil. The important parameters that control heavy metal adsorption and its distribution between soil and water are the type of 

soil, the concentration of metal ions, soil pH and the time of contact. It was also reported that better retention of the metal ions 

and lower solubility occurs more in alkaline soil which leads to the understanding that increasing the pH of the soil precipitates 

hydroxides from these metals thereby decreasing their solubility (Al-Wabel et al., 2014). 

Classification of Heavy Metals 

The heavy metals can be classified based on their A) Nutrient requirement and B) Binding preference to the Oxygen (O), 

Nitrogen (N) and Sulphur (S) donor ligands. 

Based on the nutrient requirement, the heavy metals can be classified as essential and non- essential heavy metals. Essential 

heavy metals are required at a fixed dose for the well-being of an organism although the dosage is dependent on the individual 

heavy metals. Their excess uptake in the organism causes toxic effects on the organism. Most of the essential heavy metals like 

Fe, Zn, Cu, Ni and Mn act as co-factors for enzymes in living organisms. While, non- essential heavy metals such as Cd, Hg, 

Cr, Pb, and Al are not required by the organism and their presence in the cell causes stress to the organism.  

Based on their binding preference, which implies the metal ions’ proficiency to bind to donor ligands, the heavy metals can be 

classified as Class A (O>N>S), implying that the metal ions preferably bind to O donor ligands the most and S donor ligands 
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the least; Class B (S>N>O), where the metal ions bind to S donor ligands the most and O donor ligands the least and 

intermediate heavy metals (O=S=N), which have no preference and freely binds to any of the donor ligands. In living 

organisms, the main mechanism of a metal cation is its affinity for sulphur. Hence metals in its cationic form react with the 

sulfhydryl radical present in the enzymatic protein structure which leads to a change in its properties, leading to harmful 

consequences to the living organisms (Maestri et al., 2010). 

Effects of Heavy Metals on Living Organisms 

Heavy metals such as Co, Cu, Cr, Fe, Mg, Mn, Mo, Ni, Se, and Zn are known to be essential nutrients required for numerous 

biochemical and physiological functions. While the inadequacy of these micro-nutrients results in the inception of deficiency 

diseases or syndromes (Rascio and Navari-Izzo, 2011). Conversely, their uptake in excess further results in toxic effects in the 

plants. Toxicity of these metals lead to disturbance in physiological functions such as gaseous exchange, CO2 fixation, 

respiration, and nutrient absorption as well as distracts the biochemical functions by interfering with the folding process and 

aggregation of nascent or non-native proteins leading to decreased cell viability thereby affecting the overall cellular protein 

homeostasis (Hasan et al., 2017). The heavy metals affect the cell membrane, mitochondrial membrane, lysosome, endoplasmic 

reticulum, nuclei and also enzymes involved in metabolism, detoxification and damage repair in the organisms. These metal 

ions reportedly interact with the cellular components such as DNA and nuclear proteins, inducing DNA damage and 

conformational changes which presumably lead to cell cycle modulation, carcinogenesis or apoptosis.  

The toxicity due to As, Cd, Cr, Pb, and Hg also promotes the production of reactive oxygen species (ROS). ROS can function 

as specific second messengers in signaling cascade and their accumulation generates oxidative stress in the organism and 

therefore these five elements rank highest among the heavy metals that are of great significance to public health. The 

International Agency for Research on Cancer (IARC) has therefore classified these five heavy metals as human carcinogens 

based on the epidemiological and experimental studies showing an association between exposure and cancer incidence in 

humans and animals. Predominantly, excess accumulation of ROS causes various types of cellular injuries including damage 

to proteins, lipids, and DNA, whereas some can result in apoptotic cell death and autophagy (Farah et al., 2016). 

Mechanisms of Heavy Metal Toxicity Tolerance in Plants 

1. Transport reduction: The chemical and physiological condition in the rhizosphere is detrimental to the availability of heavy 

metals to plants. One of the important factors is the soil pH, which significantly affects the solubility of the heavy metal ions. 

With the decrease in the soil pH, the acidity of the soil increases which amplifies the availability of bivalent cations to the plant 

roots. Conversely, the availability of the heavy metal ions decreases in alkaline soils by forming insoluble precipitates such as 

hydroxides (Zhao et al., 2011). Plants can neutralize this effect by increasing the pH of the rhizosphere by releasing bicarbonates 

(HCO3-). This prevents the absorption of heavy metal ions and thereby reduces the impact of metal toxicity. The foremost 

barrier against the entry of metal ions is their immobilization in the cell wall of the roots by extracellular carbohydrates such 

as mucilage and callose (Revathi and Venugopal, 2013). Cell wall pectins and histidines have also been reported to stand out 

for the immobilization of heavy metals in the cell wall (Baetz and Martinoia, 2014). 

2. Chelate formation and detoxification: Plant cells have the ability to store excess metal ions, those which are not required 

immediately for metabolic processes, thereby preventing the unwanted toxic reactions. A wide variety of plants can also 

detoxify the toxicity of the metal ions, once it reaches a certain threshold, by an active metabolic process through the production 

of cysteine-rich, low molecular weight proteins known as Phytochelatins (PC) and metallothioneins (MT). PCs form chelates 

by binding with the metal ions. The chelates so formed are then degraded in the vacuoles via ATP dependent transporters 

(Evengelou et al., 2007). MTs are also used by the cells to sequester and detoxify metal ions. However, the precise physiological 

functions of MTs have yet to be fully understood. Hossain et al., (2012) suggested that MTs play a vital role in maintaining the 

homeostasis of essential metal ions, sequestration of toxic metal ions and protection against oxidative stress-induced by the 

ROS as a result of heavy metal toxicity. 
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Fig 1: Diagram representing the functions of metallothioneins (MT) and phytochelatins (PC) in response to heavy metal (HM) 

toxicity. The HM ions activate the expression of Phytochelatin Synthase (PCS) as well as MT genes. PCS synthesizes PCs 

forming chelates with HM ions in the cytosol. Sequestration of the PC-HM complex into the vacuole occurs via ATP dependent 

transporters and degraded inside the vacuole. MT stimulates the antioxidant system thereby regulating cellular homeostasis. 

MT also induces and maintains high concentrations of glutathione (GSH). 

3. Heat Shock proteins: Heavy metal stress triggers the activation of stress genes which synthesizes a group of proteins called 

Heat Shock Proteins (HSPs). They are a conglomerate of different classes of HSPs that accomplish a key function of re-

establishing normal protein conformation and cellular homeostasis in abnormal stress conditions.  5 major HSP classes are 

induced in response to HM stress namely: HSP70, HSP60, HSP90, HSP100, and sHSP. HSP60 functions in protein folding and 

help in the aggregation of other proteins that are later transported to mitochondria and chloroplasts. HSP70 assist in the folding 

of de novo synthesized polypeptides and the import or translocation of precursor proteins. HSP90 plays a major role in protein 

folding and regulating signal transduction networks, cell cycle control, protein degradation, and protein trafficking. HSP100 

accomplish housekeeping functions necessary for cellular homeostasis and sHSPs are responsible for the degradation of 

proteins not suitable for folding (Haap et al., 2016). 

5. Autophagy: ROS production due to heavy metal stress results in ROS accumulation in the cell which in turn provokes 

oxidative stress in the organism. Farah et al., (2016) have demonstrated that the accumulation of unfolded proteins in the 

endoplasmic reticulum (ER) triggers autophagy under conditions that cause ER stress. Heavy metal stress induces the 

misfolding of the nascent proteins. The unfolded protein response (UPR) triggers molecular chaperones to correct the folding 

of the misfolded proteins. However, if the native conformation of protein cannot be achieved, then misfolded proteins are 

removed from the ER through the endoplasmic reticulum-associated protein degradation (ERAD) pathway and subjected to 

degradation either through the ubiquitin proteosome system (UPS) degradation pathway or through the autophagosome. 

Summary 

Heavy metals are naturally occurring elements that come into contact with the plants directly or indirectly. Most plants are 

subjected to heavy metal stress due to an increase in anthropogenic activities. While some of the heavy metals are required for 

the biological processes in plants, their increasing concentration leads to toxicity in the plants. Several plants have been 

identified as good accumulators of heavy metals but some crops of agricultural importance are not good accumulators and 

thus suffer greatly from heavy metal stress. Plants have developed several mechanisms to overcome toxicity induced stress 

conditions. However, the ability to tolerate heavy metal stress differs across plant species. Therefore, the mechanism of chelate 
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formation and exclusion of heavy metal ions from the cytosol have been found to be the most efficient and effective method to 

develop plants tolerant to heavy metal toxicity. 
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Agricultural marketing remained an issue of concern for the farmers. After green revolution, India noticed a remarkable 

improvement in production of foodgrains. But there existed parts of country which are still lagging behind in production of 

foodgrains. So, in order to have an equitable distribution of agricultural commodities all over the country agriculture marketing 

played an important role. Present agriculture marketing is also not free from various malpractices like multiple tax, multiple 

licensing, charging excess commission, lengthy process of movement of product, multiple level mandi charges, fragmentation 

of market, regulation fees under APMC, etc. All these challenges were addressed by creation of unified online platform known 

as e- NAM in 2016. 

e-NAM is pan India electronic trading platform which creates network of existing APMC mandis to build an unified national 

platform for marketing of agricultural products. The aim of e-NAM is to set up one nation one market. The market was 

launched by Ministry of Agriculture in 2016 and managed by Small Farmer’s Agribusiness consortium. As of 2018 e- NAM has 

been implemented in 585 regulated markets in sixteen states and two UTs. With single point levy market fees, entire state 

becomes a market and the market fragmentation within the same state gets abolished which fulfills the basic aim of one nation 

one market of e- NAM. The courageous step by the government helped in improving the supply chain of commodities and 

reduced wastages. Requirement of state for unification of online market are: 

1. Single license valid across the state 

2. Single point levy of market fees 

3. Provision of electronic auction 

Objectives of e- NAM 

1. National level platform for transparent transactions. 

2. Single license for single trader applicable in all the markets. 

3. Maintaining quality standard. 

4. Single point levying market fees. 

5. Soil testing laboratory in the market yard. 

6. Easy movement of product to distant market. 

7. Liberal licensing of commission agent and traders. 

Movement of Commodity Under E-NAM 

Figure 1 shows 

the movement of 

the farmer’s 

produce to buyer 

through e- NAM. 

In e- NAM, the 

process starts 

with gate-entry 

receipt. The 

registration of 

farmer’s name, 

commodity 

name, bank 

account number, Figure 1: Movement of commodity from farmer to buyer through e- NAM. 
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lot number, grade and quantity generated at gate. Thereafter farmers allocated to a commission agent. Agent displays the lot 

and the bidding takes place. Eventually, the highest bidder wins the lot through online process. Later invoice generated and 

all the information received by the farmer which is followed by online payment, delivery by commission agent to trader and 

finally e-permit generated. 

Advantages of E-NAM to Various Stakeholders 

1. Farmers:  

a. Farmers have better options of marketing their produce. 

b. Better and early returns availability  

2. Traders: 

Large access provided for secondary trading to the traders.  

3. Buyers, Processers & Exporters: 

Direct participation in trading. 

4. Consumers: 

Stable and reasonable prices availability to the consumers. 

5. Mandis: 

a. Reduction in book keeping 

b. Better monitoring 

c. Completely transparent 

d. Reduction in manpower 

e. Forecasting of prices 

Conclusion 

The major issues in the implementation of e-NAM are Infrastructure, Institution and Information which must be properly 

addressed to pave a way forward for e-NAM. The success of e-NAM will depend upon whether farmers are getting 

remunerative returns for their produce. The present trading system is not well developed which need focus of the policy 

developers as wells as the government to remove the various problems and implement it up to the grass root level so that 

farmers as well as the society will be benefitted. 
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Introduction 

The world population has been consistently growing over the last few decades and will reach 10 billion people in 2050 as per 

UN world population prospects.According to the 2019 Global Hunger Index (GHI) India ranks 102nd and score 30.3 and it is 

in the stage of serious level of hunger (malnutrition, undernutrition and child mortality). To overcome this problem supplying 

quality protein food with increasing population rate is the only possible solution 

Recently fish and shellfish are the major protein food for poorer sections in the world. To meet this protein demand 

commercialisation of aquaculture species like shrimps, bivalves, tilapia, and fishes was started. This commercialisation resulted 

in environmental challenges due to the wastes (organic and inorganic) released from intensive aquaculture.Due to the above 

problem water quality parameters get deteriorated. Water quality is very important for well-being of our environment. 

To solve present environmental challenges and to attain environmental sustainability Integrated Multitrophic aquaculture 

system showed a pathway and these utilizes the aquaculture effluents by converting into commercial crops while restoring 

water quality. 

Integrated Multi-Trophic Aquaculture 

In 1972 Ryther who considered as Modern father of IMTAusedthis system to solve the eutrophication issues from the nutrient 

from aquaculture He is also considered as the Modern father of IMTA as he reignited the concept of IMTA. IMTA is also used 

to reduce the nutrient or organic matter brought by intensive aquaculture practices. But in recent years IMTA is undoubtedly 

a serious option to consider attaining sustainability in aquaculture. The basic concept of integrated multi-trophic aquaculture 

(IMTA) is the practice of farming of species from different trophic levels and organisms from different ecosystems in proximity 

to each other. In IMTA uneaten feed, faeces, wastes and by-products of one species are recaptured and transformed in to feed, 

fertilizer and energy by other species of which belongs to different trophic levels. FAO defined IMTA as a practice in which 

by-products from one species are recycled to become inputs for another”. 

Integrated multitrophic aquaculture refers to culturing of fed aquaculture species like fishes, shrimps with extractives 

aquaculture species like invertebrates (bivalves) and aquatic plants (seaweeds) that utilise organic and inorganic wastes 

released from fed aquaculture for their growth and development. IMTA aims to contribute bioremediation services to the 

ecosystem and improved economic output by combining fed aquaculture with extractive aquaculture in proximity to each 

other. 

Difference Between Polyculture and Integrated Multitrophic Aquaculture 

Integrated multitrophic aquaculture is no way similar to polyculture. IMTA involves the culture of organisms belonging to 

different trophic levels that counterbalance each other's processes and results in environment balance whereas polyculture 

involves the culture of organisms belonging to the same trophic and same ecosystem. These mixing in polyculture leads to a 

shift in the ecosystem. 
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Selection of Species 

The success of Integrated multi-trophic aquaculture depends on the process of selection of species as the major consideration 

of IMTA is environmental sustainability and ecosystem balance.  Species co-cultured in IMTA is selected based on the following 

conditions: 

1. Each species should interdependent on the other species. 

2. Species should adopt to that particular natural habit of the site selected. 

3. Species should have the capacity to bio mitigate continuously and efficiently. 

4. Species should have good market demand as well as good market prices. 

5. Species should be accepted socially and politically. 

Source: T Chopin et al (2010) Conceptual diagram of an integrated multitrophic aquaculture (IMTA) operation including 

the combination of fed aquaculture (e.g, finfish) with organic extractive aquaculture (e.g., shellfish), taking advantage of 

the enrichment in particulate organic matter (POM), and inorganic extractive aquaculture (e.g., seaweeds), taking advantage 

of the enrichment in dissolved inorganic nutrients (DIN). 

Role of Different Species in Integrated Multitrophic Aquaculture 

For the successful operation of IMTA selected species should be arranged in an order that wastes generated by fed species are 

successfully recaptured and utilised by extractive species. Extractive species include both organic and inorganic extractive 

species. 

Role of Inorganic Extractive Species 

Aquatic plants are the common inorganic extractive species used in IMTA. They carry out the role of bioremediation by bio 

filtering dissolved inorganic nutrients (ex- Phosphorus and Nitrogen). These observed nutrients are useful in synthesizing new 

biomass through photosynthesis in the presence of solar energy. Aquatic plants reduce the environmental impact and stabilize 

the culture area in proximity to it through bioremediation. Aquatic plants also play a major role in oxygen, pH balance in the 

environment. Among aquatic plants, seaweeds are most suitable as they act as good biofilters. Seaweeds have good commercial 

viability they are used for human consumption, seaweeds also have good market demand in feed supplements, agrichemicals, 
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nutraceuticals, and pharmaceuticals. Along the Indian coast, Kappaphycusalvareziiis the commonly used seaweed species in 

IMTA. 

 

Ecosystem-Based Integrated Multitrophic Aquaculture Management Concept 

Role of Organic Extractive Species 

Filter feeding invertebrates and detritivores feeders are the common organic extractive species used in IMTA. Filter feeder 

reduces the suspended solids and microbial pollution as they filter large volumes of water for their food requirements and 

exert high efficiency in retaining small particles including bacteria. Detritivores feeders consume particulate organic and 

inorganic nutrient wastes released from fed aquaculture species and helps in recycling. Filter feeding invertebrates are selected 

based on the size of wastes released from fed aquaculture species as filter feeders are selective in extracting particles based on 

their size. Along the Indian coast the Bivalve mussel, Pernaviridis, and oyster Crassostrea madrasensis are commercially 

produced. 

Role of Fed Aquaculture Species 

Carnivorous fishes and shrimps are the common fed aquaculture species used in IMTA.They provide dissolved and particulate 

nutrients and oxidation-reduction potential reducing compounds to the other component organisms as well as revenue to the 

industry. 
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Examples of Some Experimental IMTA Systems 

1. In Canada on the Atlantic coast, in the Bay of Fundy, a projectintegrating the culture of salmon (Salmosalar), blue mussels 

(Mytilus edulis) andkelps (Saccharina latissimi), was conducted (Chopin and Robinson, 2004) and the results supported the 

establishment of IMTA. 

2. In chile integration of salmon culture with seaweed aquaculture and abalone culture was carried as IMTA system. 

3. In Israel on the Mediterranean coastSeaor Marine Enterprises integrated marine fish (Giltheadseabream), seaweed (Ulva spp 

and Gracilariaspp) and Japanese abalone as IMTA system. 

4. In India CMFRI successfully demonstrated IMTA system by integrating seaweed (Kappaphycusalvarezii) with cage farming 

of Cobia (Rachycentroncanadum) with a fishermen group at Munaikadu (Palk bay), RamanathapuramMandal. Tamilnadu. 

Advantages of IMTA 

1. IMTA is very flexible as it can be adopted in the open seawater system or semi-closed system or land-based aquaculture 

system. 

2. Environmental sustainability is attained through continuous bio mitigation of effluents. 

3. Through species diversification, there is an increase in profits. 

4. Providing employment to the local people. 

5. IMTA acts as crop insurance if one product of the system faces any price fluctuations other product offers price protection. 

Challenges of IMTA 

1. A requirement of higher investment. 

2. For the successful operation of IMTA higher technical knowledge and skill are required. 

3. When operated in open seawater chances of exposure to industrial pollution and heavy metals.  

4. A requirement of the large farming area. 
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India is a country of a vast diversity in vegetable production and Indians are very much fond of different vegetable from 

immemorial time for different health benefit of vegetables. But the range of vegetables production often threatens by the attack 

of different micro-organism or preferably called pathogen. Among them some are soil-borne, some are seed borne or sometimes 

they are airborne also. 

Rhizoctonia solani (Kuhn) one of the most remarkable soil-borne fungal pathogens. It belongs to division Basidiomycota. 

Generally, it lives in the soil in the form of sclerotia and later on the sclerotia germinate in favourable condition and infect the 

susceptible host. Damping-off of seedlings is the most common and general symptoms caused by R. solani. This pathogen has 

a wide range of host including different vegetable crops. R. solani has the ability to invade the seed even before germination 

and cause pre emergence damping off. This pre-emergence damping off or damaging the young seedling after emerging from 

soil is the most devastating effect of R. solani. Seeds that do germinate before being killed by the fungus have reddish-brown 

lesions and cankers on stems and roots. R. solani can also cause hypocotyl and stem cankers on mature plants of tomatoes, 

potatoes, and cabbages. R. solani is the cause of cotyledon rot, tip blight, and epicotyl rot of peas. The pathogen is also the major 

causal organism of damping-off in directly seeded pepper. R. solani is known to cause several diseases such as damping-off, 

wire stem, root rot, bottom rot, and basal rot in cabbages and other crucifers. (Baker 1970).Symptoms have been reported as 

damping-off, fruit rot, soil rot and belly rot on cucumbers,(Sumner and Smittle,1976;Fukutomi and Takada,1979;Lewis and 

Papavizas,1980) seed rot on bitter gourd and muskmelons, (Maholay and Sochi,1983) damping-off on watermelon,(Hopkins 

and Elmstrom,1974) and spongy rot on pumpkin (Gangopadhyay and Sharma,1976) . Crater rot of celery and bottom rot of 

lettuce is also important disease that caused by Rhizoctonia.  

As considering the general mood of survival, the fungus appears as superficial growth of mycelium growing on the surface of 

the subterranean part of the plant. Mycellium aggregation forms the sclerotia. Sclerotia is the most available form of this fungus 

but in some condition and in case of attacking some host the pathogen can form the basidial stage also. So, in a nutshell the 

sick soil with resting inoculum is the main source of infection foci. For this reason, chemical treatment is not full-proof option 

for disease management. The mode of survival (sclerotia in soil) of the pathogen and rapid pathogenesis process that starts 

with seedling emergence and sometimes even before emergence is the main cause behind inefficient performance of any 

chemical and Rhizoctonia disease remains a persistent problem and also increase the inoculum load with the passing year in 

the soil. On the other hand, chemical sterilization of soil is not only costly but also hazardous to environment, destroy soil 

quality, negatively impact soil micro flora including bio control agent. The widespread and irresponsible use of chemicals has 

also become a matter of serious concern, mainly due to their harmful effect on human and animal health due to presence of 

chemical traces in plant body.  

Composted organic material such as plant debris and animal manure add nutrient to the soil thereby increasing the soil fertility. 

This improves plant growth and vigour;makes the plant strong enough to withstand the attack by pathogens including 

Rhizoctonia. Use of organic amendments to the soil are a traditional approach in our country for improving soil conditions and 

crop productivity. But recent studies are proving that they can also lead a role in suppressing soilborne pathogens. From the 

study of Trillas et al (2006) It was proved that cork compost aged of 0.5-1 year reduced the Rhizoctonia solani infection in 53% 

of diseased cucumber plant.  

 There are many concepts regarding the mode of action of organic matters in suppressing pathogen growth. Organic manure 

enriched with essential oils, phenols, organic acids and many other biocidal compounds from herbs that were composed, could 

be effective against soil borne diseases. These organic amendments improve soil structure, increase water holding capacity 
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along with that support and harbour beneficial microorganism which helps to supress many soils borne pathogen including 

Rhizoctonia spp. This beneficial microorganism generally increases the competition with the pathogen for space and nutrition. 

The use of compost extract harbours huge populations of microbiota, like., Trichoderma,Pseudomonas species etc that  can 

enhance crop production by promoting the production of plant growth regulators and some chemicals such as phenols or 

tannins which may have an antagonistic effect on soil borne pathogens .Hyper parasitism, predation, antibiosis, cross 

protection competition for sites and nutrients are different mechanism of action by which bio-control active micro-organism 

play a major role in controlling fungal disease. 

The chicken manure-based organic fertilizer directly inhibits the mycelial growth of R. solani by the antagonistic effect of 

beneficial bacteria that contain in it. By the use of  this organic fertilizer the bacterial proportion in the soil microbial community 

increased, and consequently minimized the colonization of R. solani on  Zoysiagrass plants.( Pan X et al;2019).Soil organic 

amendments also provide diversified food base, which can diversify and change the microbial population equilibrium in the 

soil. Although numerous case studies are performed to demonstrate the effect of organic matter on soil borne disease 

suppression yet the efficacy of these amendments are widely dependent on physical and chemical properties of the soil.  

 The suppressive capacity of organic amendments has been explained by different complementary mechanism acting as a cross 

talk among R. solani and organic amendements. Among them enhanced activities of organic amendments, enhanced activities 

of antagonistic microbes, increased competition against pathogens for resources that cause fungistasis, release of fungitoxic 

compounds during organic matter decomposition or induction of systemic resistance in host plant are very notable.  There is 

also a hypothesis that the oxidation of nitrogen (N) in soil amendments to nitric oxide (NO) by the bacterial activities contribute 

to disease suppression, as NO is known to stimulate certain plant defence pathways.  

However, despite the potential value of organic amendments there are several concerns about potential side-effects that limit 

practical applications of this technique. Plant disease incidence and severity have been shown to be ameliorated by unprocessed 

organic material as well as mature compost. Such negative effects were often associated with a release of phytotoxic compounds 

from decaying organic amendments, that may damage plant roots and predispose them to pathogen attacks (Bonanomi et al., 

2011a).  But in a nutshell; this truth can be ignored that the beneficial effects of organic amendments in the majority of cases, 

largely white wash their side-effects. So, at the end organic amendments are not only eco-friendly in use, more over with the 

adding nutrient in the soil this magical nature blessed product can reduce the disease severity of R. solani and can protect our 

vegetables yield in a multifunctional way. 
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Introduction 

Nematodes are microscopic, unsegmented multicellular animals, which are present in wide range of habitats. Among them, 

phytonematodes are the soil borne pathogens constituting one of the major biotic constraints in successful crop production. 

Due to their microscopic size and hidden mode of life, the harmful effects are many times overlooked. Traditionally, 

phytonematodes management was largely depends on fumigants. However, many fumigants are toxic and have hazardous 

effect on environment and human health leading to their banning or restricted used in many countries. Hence, there has been 

an increased emphasis on use of non-pesticidal, eco-friendly methods for the management of phytonematodes. Among several 

methods, soil solarization is one of the important methods for the phytonematodes management including other soil borne 

diseases and weeds. 

Soil Solarization 

The method of polyethylene mulching of moist soil in the hottest period of the year for conserving moisture and raising the 

temperature to moderately high levels for effective pest control has been termed as soil solarization/ soil pasteurization (Gaur 

and Perry 1991). 

Mode of Action 

1. Accumulation of heat due to transmission of short-wave solar radiation and prevents loss of long wave radiation in solarized 

soil. 

2. Increase in temperature due to greenhouse effect helps in killing phytonematodes. 

3. Soil moisture helps in solarization process by conducting heat energy. 

4. Increases the microbial and physico-chemical reactions in the soil resulting in to accumulations of gases. Among them, some 

are toxic and release soil volatiles, which are biocidal to pathogens and while others, will act as a nutrient source or induce 

resistance to subsequent crop. 

5. Prolonged exposure to higher temperature results in increasing mortality of phytonematodes and also makes them 

susceptible to antagonists. 

Guidelines for Soil Solarization 

1. Soil preparation: Preparation of the soil begins by ploughing, rototilling, or turning the soil by hand to break up clods and 

then smoothing the soil surface. Beds are more suitable for laying polyethylene mulch. 

2. Irrigation: Prior to lying of transparent polyethylene mulch, irrigation should be provided either by flooding or mechanical 

methods like sprinkler or underground drip irrigation. For effective soil solarization, upper soil layer (60 cm) must have soil 

moisture content up to 70 % of field capacity.  

3. Laying of polyethylene mulch:  Transparent polyethylene sheets can be laid either by complete coverage for entire field or 

strip coverage for only bed portion through machine or by hand. Generally, polyethylene sheets of 50-100µm thickness are 

most suitable for raising soil temperature. The edges of raised bed should be inserted/ buried in furrows to prevent escape of 

heated air or soil moisture. 
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4. Duration of polyethylene mulch treatment: Four to six weeks. 

Advantages 

1. Soil solarization is a simple, safe and effective method for phytonematodes management. 

2. Eco-friendly method, no hazards to humans and livestock. 

3. Farmers can easily adopt this method on a small or large scale. 

4. Soil solarization during the hot summer months can increase soil temperature to levels that kill many phytonematodes, soil 

borne pathogens and weeds. 

5. Improves soil structure by modification of physico-chemical properties of the soil and also increases the availability of 

nitrogen (N) and other essential plant nutrients. 

6. This method doesn’t add any toxic residues to the soil. 

Conclusion 

Soil solarization is safe and effective method for the management of plant parasitic nematodes including other soil borne 

pathogens. This method can be used as a component of integrated pest management system in combination with crop rotation 

or summer ploughing or use of resistant cultivars or organic amendment for improving the efficacy to curtail hidden 

phytonematodes. 
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Introduction 

The tritrophic interaction (host plant- herbivore- natural enemies) constitute an important part for understanding the host 

plant- insect pest interaction process. In this concept, understanding the basis of resistance, genes imparting resistance/ 

susceptibility, their role in resistance becomes necessary to develop a suitable resistant variety. In this regard, there is utmost 

need to emphasize on the basis of resistance imparted by the plants towards the herbivores. 

Classification 

Plant resistance can be broadly classified as   

1. Extrinsic resistance 

2. Intrinsic resistance 

Considering the tritrophic level interaction, when the resistance to the host plant is provided through the natural enemies i.e. 

the third trophic level, it is known as extrinsic resistance. On contrary to this, when the host plant i.e. the first trophic level itself 

manipulates its biophysical or biochemical constituents to resist the pest attack, it is known as intrinsic resistance. This intrinsic 

resistance is also otherwise known as Host Plant Resistance (HPR). 

Host Plant Resistance (HPR) 

“Those characters that enable a plant to avoid, tolerate or recover from attacks of insects under conditions that would cause 

greater injury to other plants of the same species” (Painter, R.H., 1951).“Those heritable characteristics possessed by the plant 

which influence the ultimate degree of damage done by the insect” . Based on types of Resistance, it can be ecological/pseudo 

resistance or genetic resistance. Ecological Resistance or Pseudo resistance may be defined as apparent resistance resulting 

from transitory characters in potentially susceptible host plants due to environmental conditions. Pseudoresistance may be 

classified further into 3 categories such as  

1. Host evasion: Host may pass through the most susceptible stage quickly or at a time when insects are less or evade injury 

by early maturing. This pertains to the whole population of host plant. 

2. Induced Resistance: Increase in resistance temporarily as a result of some changed conditions of plants or environment such 

as change in the amount of water or nutrient status of soil 

3. Escape: Absence of infestation or injury to host plant due to transitory process like incomplete infestation. This pertains to 

few individuals of host. 

Genetic Resistance it is the true type of resistance. It can be classified as monogenic/oligogenic/polygenic. Monogenic 

resistance is controlled by single gene and it is easy to incorporate into plants by breeding and easy to break the resistance in 

plants. Oligogenic resistance is controlled by few genes and similarly polygenic resistance is controlled by many genes. 

Otherthan this, Major gene resistance i.e.  controlled by one or few major genes (vertical resistance) and minor gene resistance 

i.e. controlled by many minor genes. The cumulative effect of minor genes is called adult resistance or mature resistance or 

field resistance. This is also called horizontal resistance. Furthermore, based on biotype reaction, this can be Vertical or 

horizontal resistance. Vertical resistance is effective against specific biotypes (specific resistance) and horizontal resistance is 

effective against all the known biotypes (Nonspecific resistance). Based on population/Line concept resistance can be Pureline 

resistance i.e. exhibited by lines which are phenotypically and genetically similar and Multiline resistance which is exhibited 

by lines which are phenotypically similar but genotypically dissimilar. Other than this, cross resistance in a variety with 

resistance incorporated against a primary pest, confers resistance to another insect and Multiple resistance is resistance 
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incorporated in a variety against different environmental stresses like insects, diseases, nematodes, heat, drought, cold, etc. 

Moreover, based on evolutionary concept, Sympatric resistance may be defined as resistance acquired by coevolution of plant 

and insect (gene for gene) Governed by major genes whereas, Allopatric resistance is not developed by co-evolution of plant 

and insect and it is governed by many genes. 

Mechanisms of Resistance 

The three important mechanisms of resistance are Antixenosis (Non preference), Antibiosis and Tolerance. 

Antixenosis may be defined as the host plant characters responsible for non-preference of the insects for shelter, oviposition, 

feeding, etc (Kogan and Ortmann,1978). It denotes presence of morphological or chemcial factor which alter insect behaviour 

resulting in poor establishment of the insect. e.g. 

Trichomes in cotton - resistant to whitefly 

Wax bloom on carucifer leaves - deter feeding by DBM 

Plant shape and colour also play a role in non-preference 

Open panicle of sorghum - Supports less Helicoverpa. 

Antixenosis can be morphological antixenosis or biochemical antixenosis. 

Antibiosis 

It may be defined as adverse effect of the host plant on the biology (survival, development and reproduction) of the insects and 

their progeny due to the biochemical and biophysical factors present in it. It is manifested by larval death, abnormal larval 

growth, etc. Antibiosis may be due to presence of toxic substances, absence of sufficient amount of essential nutrients, nutrient 

imbalance/improper utilization of nutrients. Certain chemicals present in plants imparts resistance against pests such as 

DIMBOA (Dihydroxy methyl benzoxazin) against European corn borer, Ostrinia nubilalis, Gossypol Polyphenol) against 

Helicoverpa armigera (American bollworm), Sinigrin against Aphids, Myzus persicae, Cucurbitacin against Cucurbit fruit flies, 

Salicylic acid against Rice stem borer. Apart from this, certain physical factors also induce antibiosis such as thick cuticle, 

glandular hairs, silica deposits, tight leaf sheath, etc. 

Tolerance 

Plant has the ability to grow and yield despite pest attack. It is generally attributable to plant vigour, regrowth of damaged 

tissue, to produce additional branches, compensation by growth of neighbouring plants. 

Conclusion 

There is a need to understand the basis of resistance development in plants and thus the gene(s) conferring resistance can be 

characterised and these genes can be better incorporated to develop elite varieties to develop resistant varieties. As HPR is an 

eco-friendly, economically feasible approach it can be adopted by farmers to obtain higher yield under the pest free 

environment (Beck, 1965). 
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Introduction 

Intercropping is a special case of multiple cropping, which is ‘the intensification and diversification of cropping in time and 

space dimensions’ (Francis, 1986). The aim of this chapter is to present and discuss the ecological basis of the effects of 

intercropping on pests in agricultural crops, i.e. plant pathogens (diseases) and herbivorous arthropods (mainly insects and 

mites). The basis for our current understanding of the ecological mechanisms is presented in many excellent works (Hooks and 

Johnson, 2003), all of which focus on arthropod responses to increased vegetational diversity. 

Intercropping systems are found throughout the world, with most diversity in the tropical parts, especially in regions with 

high pressure on land suitable for agriculture. Many of the world’s large crops, e.g. maize, sorghum, rice, bean, pigeon pea and 

other legumes as well as oats, are more often found as components in intercrops (Rao, 1986). Many different combinations have 

developed, each of them adapted over time to local conditions and needs. Estimates of cropped land devoted to intercrops vary 

from below 20% in India to more than 90% in other places (Vandermeer, 1989). Intercropping adds vegetational diversity, in 

addition to this growing of 2 or more than 2 genetically different crops in the same field simultaneously leads to diversification 

of pest load and abundance of natural enemies. 

The pest establishment, survival, development and spread is a multidimensional interaction, dependent on host plant, the 

environment, and the pest itself. The basic difference between sole crop and inter crops can be summarised from the herbivore 

point of view as host quality and abiotic environmental factors of the concerned crop field. Among the host quality, plant 

architecture is an important factor and plant conformation and configuration, eg. leaf shape, plant colour, branching and 

canopy pattern, has been reported to vary considerably depending on the interactions with neighbouring plants. Gold (1994) 

observed that intercropping cassava with cowpea influenced cassava growth and conformation, with taller plants and larger 

internode lengths in the intercrop. Considering the resource concentration and enemy hypothesis, the need of diversification 

of crops can be realised to minimise the pest incidence and intensifying the natural enemy effects. The top down and bottom 

up approach can be explained to describe the beneficial role of inter cropping. There are 3 trophic levels such as, host plants, 

herbivores and natural enemies comprise of first, second and third trophic levels respectively. Any alternation or manipulation 

in the trophic level structure by changing the species richness and species diversity can lead to change in herbivore composition 

in the crop microclimate. 

The landing of herbivores on improper host plants, can lead to disruption of the entire host finding process, thus ultimately 

hindering the herbivory and pest biology and survival. Intercrop effects on survival and reproduction of diseases and 
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arthropod pests by altering host plant quality which is one of the main determinants of both herbivore survival and 

reproduction. Otherthan this, Intercropping effects on natural enemies of herbivores from a pest management point of view, a 

system manipulation like intercropping aims to enhance natural enemy impact on important herbivores, regardless of whether 

this effect is produced by increased enemy density, activity or efficiency. 

Thus, understanding the species diversity, interaction between species, and the adverse effect on pest biology and synergistic 

effect on natural enemy abundance, there is a need to select proper intercrop, which can be further effective in managing the 

pests below the Economic Injury Level economically and ecologically. 
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Hydroponics is a simple technique in which the plants are grown using water instead of soil. It is a subset of hydro culture. 

Mineral nutrient solutions are used as water solvent. Terrestrial plants may be grown with only their roots exposed to the 

nutritious liquid, or the roots may be physically supported by an inert medium such as perlite or gravel. William Frederick 

Gericke working at the University of California, Berkeley, he began to popularize the idea that plants could be grown in a 

solution of nutrients and water instead of soil. He decided to call this growing method hydroponics. W. F. Gericke successfully 

growing 25-foot tall tomato plants in nutrient-filled solutions. W. A. Setchell recommended the term "hydroponics" to Gericke 

in 1937. The word hydroponics comes from the root’s “hydro”, meaning water, and “ponos”, meaning labor, in this method of 

gardening soil are not used. 

 
Fig.1. The nutrient film technique (NFT) being used to grow various salad greens. 

Advantages of Hydroponics 

1. Easier way to provide the best possible environment for plant, leading to better quality produce and high yield. 

2. Hydroponics garden can provide plants with optimum qualities of the necessary nutrients during the different seasons.  

3. The production in hydroponics may be increased approximately two times as compared with soil cultivation in a comparable 

area with correct management practised because the plant does not have to compete for moisture and nutrients. 

4. A small hydroponics garden can be set up almost anywhere even in upstairs balconies and open area and protected structures 

because the land is not necessary. 

5. The occurrence of soil born disease and nematode damage was not observed. 

6. Plant grow 50% faster than soil has grown under the same condition because of the easy access to food and water. 

7. Hydroponics produce generally tastes better and is higher in nutritional value than field-grown crops. 
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8. Continues cultivation and off-season production throughout the seasons. 

9. Vegetable cultivation can be done with leisure sense. 

10. Minimum water wastage. 

11. The plants are uniform in growth and maturity. 

Hydroponics Culture  

1. Static solution culture: In static solution culture, plants are grown in containers of nutrient solution, such as glass Mason 

jars, pots, buckets, tubs, or tanks. The solution is usually gently aerated but may be un-aerated. If un-aerated, the solution level 

is kept low enough that enough roots are above the solution so they get adequate oxygen. 

2. Continuous-flow solution culture: In continuous-flow solution culture, the nutrient solution constantly flows past the roots. 

It is much easier to automate than the static solution culture because sampling and adjustments to the temperature, pH, and 

nutrient concentrations can be made in a large storage tank that has potential to serve thousands of plants.[31] A popular 

variation is the nutrient film technique or NFT, whereby a very shallow stream of water containing all the dissolved nutrients 

required for plant growth is recirculated past the bare roots of plants in a watertight thick root mat, which develops in the 

bottom of the channel and has an upper surface that, although moist, is in the air. Subsequent to this, an abundant supply of 

oxygen is provided to the roots of the plants. 

Essential Factors for Hydroponics  

1. Lighting: Hydroponic systems are often indoor systems positioned in places where there isn't access to direct sunlight all 

day long. Most edible plants require at least six hours of sunlight each day; 12 to 16 hours is even better. The best lighting for 

a hydroponics system is HID (High-Intensity Discharge) light fixtures, which can include either HPS (High-Pressure Sodium) 

or MH (Metal Halide) bulbs. The light from HPS bulbs emits a more orange-red light, which is great for plants in the vegetative 

growth stage. 

2. Room Conditions: Key elements include relative humidity, temperature, CO2 levels, and air circulation. The ideal humidity 

for a hydroponic grow room is from 40 to 60 percent relative humidity. Higher humidity levels especially in rooms with poor 

air circulation can lead to powdery mildew and other fungal problems. Ideal temperatures are between 68 and 70 degrees 

Fahrenheit. High temperatures may cause plants to become stunted, and if the water temperature gets too high, it may lead to 

root rot. The best way to ensure this is by making sure the room has a constant flow of air. More advanced hydroponic 

gardeners may supplement CO2 levels in the room, since the more CO2 available, the faster your plants will grow. 

3. Water Quality: Two factors can affect water's ability to deliver dissolved nutrients to your plants: the level of mineral salts 

in the water, as measured by PPM, and the pH of the water. Hard water that contains a high mineral content will not dissolve 

nutrients as effectively as water with a lower mineral content, so you may need to filter your water if it is high in mineral 

content. The ideal pH level for water used in a hydroponic system is between 5.8 and 6.2 (slightly acidic).  

4. Nutrients: The nutrients used in hydroponic systems are available in both liquid and dry forms, as well as both organic and 

synthetic. Either type can be dissolved into water to create the nutrient mixture required by the hydroponic system. The product 

you use should include both the main macronutrients-nitrogen, potassium, phosphorus, calcium, and magnesium as well as 

the important micronutrients, which include trace amounts of iron, manganese, boron, zinc, copper, molybdenum, and 

chlorine. 

5. Additional Equipment: In addition to the basic hydroponic setup, beginners should invest in a few additional items.  

Equipment’s like, meters to test the PPM and pH of the water, as well as the temperature and relative humidity of the room. 

There are some combination meters available that will test the pH, PPM, and water temperature. Depending on your climate, 

you may need a humidifier or dehumidifier to adjust the relative humidity in the grow room to an optimal level.  Also required 

some kind of fan or air circulation equipment to improve the airflow in your grow room. 
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No agricultural system can persist, if it fails to maintain soil fertility. In dryland soils or Semi-Arid Tropic soils nitrogen is 

universally deficient, ‘P’ is low, and ‘K’ status is medium to high. The organic matter content of Semi-Arid Tropic soils is 

usually less than 1 % and hence is of low fertility status. Fluctuation of rainfall and consequent uncertainty of crop performance 

make farmers of dryland agriculture to avoid fertilizer application. Therefore, results of experiments demonstrated yield 

advantage due to fertilizer use in dry land crop production. If the fertilizers are applied to meet the needs of the dryland crops, 

there may be prolonged breaks in the monsoon in kharif or limited available moisture in the root zone of Rabi crops may be 

exhausted before the plants reach reproductive stage resulting in poor yields. Elseways, if fertilizers are applied at rates below 

the optimum, the yields will be poor. This has to be avoided by assessing the yield potential of different regions and regulating 

the soil fertility levels by adding only such quantities of fertilizers as required for realizing the potential to the maximum extent 

possible. Hence fertilizer usage is more in irrigated agriculture than dryland agriculture. 

Response to Nitrogen  

Fertilizer use and loss will be more sensitive in shallow soils; hence response to applied fertilizer will be less stable on shallow 

soils. Response to ‘N’ was low and influence of rainfall was inconsistent among shallow vertisols and alfisols. With decreasing 

rainfall, vertisols produced more response to applied fertilizer. Results indicated that with 40 kg N/ha many crops responded 

to ‘N’ in dryland areas by giving about 20 kg extra grain or yield for every kg of N applied.  

Response to Phosphorus  

Deficiency of phosphorus is less extensive than that of nitrogen. Though several crops respond to ‘P’ the response is not 

conspicuous and universal as that of ‘N’. Dry land vertisols possess high phosphorus fixation capacity, ranging from 300 to 450 

mg/kg of soil, hence there will be less amount of ‘P’ in soil solution to be available for the crop plants. This explains the lack 

of response to ‘P’ in vertisols. Response of dryland crops to ‘P’ will continue to remain small and marginal as long as the poor 

yields of crops are not increased through efficient soil and moisture conservation measures and balanced crop nutrition. 

Response to Potassium  

On a large scale, potassium has failed to produce distinct response in dryland cereals and millets as is common with irrigated 

crops. Dryland soils particularly, the sandy loam and red soils which are deficient in ‘K’ may respond to moderate levels of ‘K’ 

when monsoon is normal. 

Response to Secondary and Micronutrients  

Among secondary nutrients oilseeds and pulses respond to sulphur and calcium. Response to ‘Ca’ and ‘S’ is of typical of rainfed 

groundnut. Among the micronutrient’s deficiency of ‘Fe’ and response to its application have been observed in crops like 

chickpea and groundnut. Zinc is deficient in many areas and many crops respond to zinc eg. Groundnut, Maize, Pearl millet 

etc. 

Factors Affecting Fertilizer Use Efficiency 

1. Choice of cultivars or varieties or varietal selection 

2. Timely sowing 
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3. Establishment of adequate crop stand 

4. Time and method of fertilizer application 

5. Moisture conservation practices and 

6. Timely weed management 

Fertilizer Use Research in Dryland Agriculture 

The results of fertilizer use research in dry farming areas indicated that fertilizer dose should be low. Improved cultivars are 

responsive than local varieties. The following are the salient findings of research on fertilizer use under rainfed conditions: 

1. Response of crops to fertilizers varied with available soil moisture.  

2. Higher the rainfall, greater the response in shallow soils. 

3. Responses to ‘N’ are universal, responses to ‘P’ are obtained on alfisols, and responses to ‘K’ are limited. 

4. Response of post-rainy season crops i.e. Rabi crops to fertilizers will depend on stored moisture in the profile. Most of the 

nutrients have to be band placed in the soil at sowing as basal application. 

5. Zinc deficiency is indicated in some areas. 

6. Balanced fertilizer use resulted in yield advantage during normal rainfall years. 

7. Legumes are more responsive to ‘P’ fertilization. 

8. Foliar application of nutrients was not beneficial at several places. 

9. Integrated nutrient management system appears to be more remunerative. 
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The importance of fertilizer nutrient application to crops for achieving higher yield and to sustain the soil fertility on long term 

basis are well known. Nutrient management implies managing all nutrient sources, fertilizers, organic manures, waste 

materials suitable for recycling nutrients, soil reserve and bio-fertilizers in such a way that yield is not knowingly jeopardized 

whilst every effort is made to minimize losses of nutrients to environment. The challenges of nutrient management are to 

maintain and increase sustainable crop productivity to meet demands for food and raw materials to enhance the quality of 

land and water resources. 

Improving nutrient management strategies is equally important as breeding for high yielding. Several approaches have been 

used for fertilizer nutrient management in the past such as recommending a fixed rate based on nutrient response curve or 

recommendations based on balance sheet method. Fertilizer nutrient management based on soil test value i.e., soil testing is 

one of the most widely used method in India, where fertilizer recommendations are made based on initial soil test value. 

Among the other approaches, the target yield approach has got popularity in India. This method not only estimates soil test-

based fertilizer dose but also the level of yield the farmer can achieve with a particular dose. But crop growth and demand for 

nutrient are strongly influenced by climate and crop growing conditions which can vary greatly among locations, seasons and 

years. Hence, recent nutrient management strategies suffer from a number of drawbacks: 

1. They do not assist farmers in dynamic nutrient management. 

2. Do not consider need of crop grown in different seasons and places. 

3. Low nutrient use efficiency. 

4. Result in poor yields because of low nutrient use efficiency. 

5. Poor returns to the farmers. 

6. Soil and water pollution due to excess nutrient losses. 

Site specific nutrient management is an approach of feeding crops with nutrients as and when needed. The application and 

management of nutrients are dynamically adjusted to crop needs of the location and season. It is a low technology plant-based 

approach for managing the nutrient requirement of crops. The term ‘site-specific’ comes from the late 1920’s in the USA, when 

scientists at the University of Illinois were providing recommendations on the application of lime to acidic soils (Jones, 1993). 

In the mid to late 1980’s, the development of GIS and GPS technology and the associated use of this technology in agriculture 

to map field variability, fostered the use of ‘site-specific management’ approaches in the developed world. 

Initial Concept of SSNM 

The concept of SSNM was developed for rice in the late 1990s by IRRI in collaboration with National Agricultural Research 

and Extension System (NAREC) and then evaluated from 1997 to 2000 in about 200 irrigated rice farms at eight sites in six 

Asian countries (Dobermann et al., 2002). 

1. Establish a yield target for average climatic conditions. 

2. Estimate crop demand for N, P, and K for a target yield. 

3. Estimate field-specific indigenous supply of N, P and K. 

4. Create the recovery efficiencies of N, P and K. 

5. Optimal estimate of N, P and K rates. 
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Recent Approach for SSNM 

1. Establish an attainable yield target for farmers’ fields. 

2. Approximate a fertilizer N rate and formulate dynamic N management. 

3. Estimate field-specific nutrient-limited yields. 

4. Regulation of P and K rate. 

The SSNM approach now enables, 

1. Dynamic adjustments in fertilizer N, P, and K management to accommodate field- and season-specific conditions. 

2. Effective use of indigenous nutrients. 

3. Use of the nutrient omission plot technique to determine the requirements for P and K fertilizers. 

4. Use of micro-nutrients based on local recommendations. 

5. Efficient fertilizer N management through the use of the leaf colour chart (LCC), which helps ensure that N is applied at the 

time and in the amount needed by the rice crop. 
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Introduction 

The Groundnut (Arachis hypogea L.) is the most important food and oilseed crop cultivated and consumed in most part of the 

world. It is also known as Peanut, Earthnut, Monkeynut, Manillanut, Pinda, Goober, Kingpin of oilseed (Beghin et. al., 2003) 

and energy capsule. It is grown on nearly 23.95 mha. worldwide with total production of 47 mt with an average yield of 1520 

kg/ha. China is the world’s largest producer of Groundnut with 36 per cent of world’s production, followed by India (20 per 

cent). (FAOSTAT, 2017). 

Among biotic constraints, insect pests are most destructive factor. Low productivity in Groundnut is attributed to several 

constraints. Besides various biotic stresses, groundnut production is also affected by diseases, weeds and insect pests. Insect 

pests represent a major yield constraint in Groundnut by direct damages or as vectors of virus diseases. Over 100 insect pests 

have been reported in India (Amin1988; Nandgopal 1992). However, very few of these cause economic losses. 

Major Insect Pests and Their Economic Threshold Level (ETL): 

Sr. No. Name of Insect Pests Scientific Names Economic Threshold Level (ETL) 

1. White Grub Holotrichia consanguinea 1 grub/meter square 

2. Groundnut Aphids Aphis craccivora 5-10 aphids at seedling stage 

3. Grountnut Leaf Miner Aproaerema modicella 2-3 larvae/plant 

4. Pod Borer Helicoverpa armigera 2 larvae/plant 

5. Thrips Scirthothrips dorsalis 5 adults/terminal bud 

(Bajia et al. 2016) 

Major Pests of Groundnut, their Life Cycle, Nature of Damage and Integrated Management 

1. White Grub, Holotrichia consanguinea: 

Life History:  

a. Eggs: The adult female beetles lay their white, almost rounded eggs singly into the soil at a depth of 10 cm. 

Grub: The whitish yellow transculent ‘C’ shaped grubs come out from eggs after 8-10 days of incubation 

period. The grub period lasts for 8 to 10 weeks.  

b. Adult: Adults are dark brownish in color. Beetles emerged out of the soil after the onset of monsoon. 

Nature of damage: The newly hatched grub feeds on roots which results into killing of the entire plant. The partial 

root damage affects the nut development. They also caused damage to pods. At night, the beetles feed of foliage. In 

severe infestation, they completely defoliate the plant. 

Management: 

a. Deep ploughing in Summer helps to exposed grubs and beetles to the upper surface of field which managed 

by the birds. 

b. Apply only well decomposed FYM. 

c. Seed treatment with Chlorpyriphos 20 EC @ 15 ml/kg or Quinalphos 25 EC @ 15 ml/kg. 

d. Install light traps to collect beetles on the onset of monsoon and destroy the collected beetles. 
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e. In severe infestation, spray the crop with Carbofuran 3CG @ 33.3 kg/ha or Chlorpyriphos 20EC @ 1125 

ml/ha or Phorate 10G @ 25 kg/ha. 

2. Groundnut Aphids, Aphis craccivora: 

Life History: They reproduce parthenogenetically. Nymphs and adults are 

generally reddish to dark brownish in color with two cornicles present 

posteriorly. Nymphs pass through four moult before attaining to adult stage.  

Nature of damage: Both the nymphs and adults suck the cell sap from leaves. 

Besides, they also secrete honeydew like substance on leaves on which black 

sooty mold grow. Later, plant affects the photosynthesis rate. Infestation in early 

stages causes stunting and distortion of plant as well as reduces the vigour. They 

also act as vectors for groundnut rosette virus complex and groundnut stripe 

virus. 

Management: 

a. Avoid late sowing of crop and use resistant varieties. 

b. Use Neem based compounds as a deterrent to keep pest away from the source plant. 

c. Grow attractant crops viz. Carrot family, Sunflower family and Marigold (to attract Lady bird beetles, 

Syrphid fly, Damsel fly, etc.) 

d. Release predators viz. Coccinellid Beetles, Coccinella septempunctata and Syrphid Fly, Ischiodon javana. 

d. In severe infestation, spray the crop with Chlorpyriphos 20EC @ 1000 ml/ha or Imidacloprid 17.8SL @ 100-

125ml/ha or Methyl Demeton 25EC @ 1000ml/ha. Or dusting of crop with Malathion 5D @ 20 kg/ha or 

Quinalphos 1.5D @ 20 kg/ha. 

3. Groundnut Leaf Miner, Aproaerema modicella: 

Life History:  

a. Eggs: Shiny whitish sculptured eggs laid singly underside of leaves. 

Incubation period is of 3 days.  

b. Larva: The larvae is green in color having dark head and prothorax 

measuring about 8-10 mm in length with a wing span of 20 mm. Larval 

period last for 9-17 days.  

c. Adult: Moths are Brownish grey in color. Forewings have white spots 

on coastal margin.  

Nature of Damage: The young larvae initially mine the upper epidermis of the 

leaves, feed con the mesophyll and form brown streaks on leaves. Later, they leave the mines and fold the leaves or 

bring the adjacent leaves together and wither the plant. In severe attack, the field looks ‘burnt’ from a distance which 

adversely affect the yield. 

Management: 

a. Install light traps @ 12 nos./ha. 

b. Spray the crop with Dimethoate 30 EC @ 660 ml/ha or Malathion 50 EC @ 1.25 l/ha or Methyl Demeton 25 

EC @ 1000 ml/ha. 

4. Red Hairy Caterpillar, Amsacta albistriga:  

Life History:  

a. Eggs: The female moth lays 600-700 creamy or bright yellowish eggs in groups. 

b. Larvae: Caterpillar is reddish brown with black band on either end having long reddish-brown hairs all 

over the body. Larva becomes full grown in 40-50 days.  

c. Adult: Moth are medium sized with white wings. Forewings are white with brownish streak all over and 

yellowish streak along the anterior margin and head. Hind wings are white with black marking.  
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Nature of Damage: The newly hatched larvae feed gregariously by scraping the 

under surface of tender leaves leaving upper epidermal layer intact. As 

caterpillar grows, they feed voraciously on leaves leaving petiole, midrib and 

main stem of plant. In severe infestation, the entire field looks like grazed by the 

cattle. Besides groundnut, this pest also damages Cotton, Sorghum, Castor, 

some Millets, etc. 

Management:  

a. Destroy the pupae by collection at the time of summer ploughing. 

b. Set up 3 to 4 light traps and bonefires immediately after receipt of 

rains, after sowing in the rainfed season to attract and kill the moths and also to know brood emergence. 

c. Avoid migration of larvae by digging a trench 30 cm deep and 25 cm wide with perpendicular sides around 

the infested field. 

d. Apply Phosalone 35EC @ 750 ml/ha or Dichlorvos 76EC @ 627 ml/ha. 

e. A week after mass emergence of moths, the field should be dusted with Phosalone 0.05% or Triazophos 

0.06%. 

5. Gram Pod Borer, Helicoverpa armigera: 

Life History:  

Eggs: Female moth lays creamy white spherical eggs singly. 

Larva: The newly hatched caterpillar is greenish while full grown caterpillar is green to brownish in colour. It 

has dark grey lines on the lateral body. Pupa:  Pupa is brown in colour, occurs in soil, leaf, pod and plant 

debris.  

Adult: Adult moths are brownish yellow. Forewings are greenish to pale brown with dark brown circular spot 

in the middle. Hind wings are pale smoky white with broad blackish outer margin.  

Nature of Damage: 

Caterpillars feed voraciously on leaves, flowers and buds. Symmetrical holes or cuttings can be seen upon unfolding 

of leaves when pest attacked on tender leaf buds. 

Management: 

a. Deep ploughing in Summer.  

b. Follow intercropping by planting one row of Red Gram for every 5-6 

rows of Groundnut. 

c. Install pheromone traps @ 5/ha. 

d. Release of Trichogramma chilonis @ 1 lakh/ha or Chrysoperla carnea 

@ 50000/ha at 40 and 50 days after the sowing can effectively check the 

pest. 

e. Apply HaNPV @ 250LE/ha or B.t.(Bacillus thuringiensis) @ 1 kg./ha 

or 5% NSKE for monitoring eggs early instar larvae. 

f. Conserve biocontrol agents in field viz. Lady bird beetles, Green Lacewings, Damsel Flies, Dragon Flies, 

Ground Beetles, etc. 

g. In severe infestation, spray the field with Quinalphos @ 2ml/lit. of water or Chlorpyriphos @ 3ml/lit. of 

water or Imidacloprid @ 2 ml/lit. of water. 

Conclusions 

1. A single management strategy of integrated pest management (IPM) may not be so effective to control pest population; 

hence, IPM strategy on the basis of economic threshold level should be adopted. Chemical spraying should be done, when 

other components becomes less effective to manage pest population. 

2. Chemical spraying of pesticides during the release period of predators may reduce their population. 
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3. Application of chemical pesticides should be done at early morning to cause less damage to predators and pollinators. 
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Introduction 

Plants as sessile organisms are majorly confronted by a variety of biotic and abiotic stresses. Especially, abiotic stresses such as 

heat, salinity, and drought are a primary cause that adversely affects crop productivity. Heat stress is a major abiotic stress that 

negatively affects crop plant growth, development, metabolism which ultimately reduces the yield. Heat stress is a rise in 

temperature beyond a threshold level for a period of time sufficient to cause irreversible damage to plant growth and 

development. Plant responses to heat stress vary with the intensity, duration of heat stress and they also depend on plant 

species. Unlike animals, plants could not change their sites to escape from the stresses, but plants have several acclimation, 

avoidance or adaptive mechanisms to deal with heat stress conditions. As well, most important tolerance mechanisms that 

make use of heat shock proteins (HSPs), ion transporters, Transcription factors (TF), osmoprotectants, antioxidants, and other 

factors concerned in signaling cascades and transcriptional activation to counteract stress-induced biochemical and 

physiological modifications. Heat stress-induced gene expression; signal transduction and metabolite synthesis also 

significantly improve tolerance by protecting the cells from stress.  

The increased rate of CO2 and other greenhouse gases in the environment is causing a climate with higher temperature and 

dramatic changes in annual rainfall patterns. Therefore, the molecular and biochemical responses under heat stress are major 

research areas and exploited for developing heat stress tolerance in crop plants. Heat stress is now the most important worry 

for crop production and approaches for satisfying yields of crop plants under heat stress are important agricultural goals. 

Understanding the interconnected cellular response system at the molecular level is a prerequisite for plant survival and 

productivity, and their understanding is important for developing new approaches to enhance plant heat stress tolerance. This 

article describes various genes and metabolite synthesis being responsible for thermotolerance in plants. 

Genes Induced During Heat Stress 

Notable information about the different kinds of heat stress-responsive genes induced in different crop species has been 

achieved through several gene mining strategies. Differential analysis at the level of transcriptome, proteome, and metabolome 

has provided a plethora of information about the key genes underlying heat stress response. These key genes are either 

involved in the synthesis of new metabolic proteins under heat stress such as osmoprotectants, signaling molecules, 

phytohormones, etc., which have a favorable effect on plants grown under heat stress conditions as these protectants have the 

antioxidant capacity and growth-promoting character. 

1. Heat Shock Proteins (HSPs): Commonly heat stress causes accumulation of several heat shock proteins (HSPs) functioning 

as molecular chaperones which are encoded by “heat shock genes” (HSGs) and these HSPs are necessary for acquired 

thermotolerance under lethal heat stress conditions. Heat stress causes the constitutive expression of HSPs, which function as 

chaperones to protect cellular proteins from being denaturation and preserves their strength and utility through protein 

folding. In case of plants, well-classified HSPs can be categorised into five different families: HSP 20or small HSP (sHSP), HSP60 

(or GroE), HSP70 (or DnaK), HSP90, and HSP100 (or ClpB).The HSP60 and HSP70proteins are mainly conserved proteins in 

nature, steady with a primary role to retort heat stress. This diversification of these proteins reflects an adaptation to heat 

tolerance. These proteins, as chaperones, irreversible the aggregation of other proteins and involved in refolding proteins when 

the plant is under heat stress. For more understanding, Table 1 shows the basic molecular functions of HSPs for heat stress 

tolerance in plants. 
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2. Osmoprotectants: Accumulation of osmoprotectants including Glycine betaine, Trehalose and Proline is a well-known 

adaptive mechanism in plants against heat stress. While heat stress-sensitive plants actually lack the capability to build up 

these molecules, however, heat stress tolerance in such plants can be enhanced by exogenous application of osmoprotectants. 

It was demonstrated that soaked sugarcane nodal buds in Glycine betaine (20 mM) and Proline (20 mM) solutions display some 

positive alteration in some anatomical and physiological characteristics and opportunity of mitigating the effect of heat stress. 

Treatment with Glycine betaine and Proline significantly decreased the H2O2 generation and enhanced the buildup of soluble 

sugars which offered shelter to the developing tissues from heat stress. Though, external Glycine betaine and Proline 

application also enhanced the Ca2+ and K+ contents and augmented the concentrations Glycine betaine, Proline, and soluble 

sugars which make the buds more tolerant to heat stress. It was demonstrated that external Proline also protects essential 

enzymes of antioxidant and carbon metabolism which may be the reason for conferring heat tolerance in chickpea 

(Cicerarietinum L.) crop. They found that the external application of Proline in heat-stressed conditions (45-40 °C) reduced the 

damage caused to membrane chlorophyll and water content due to heat stress. Proline supplement also considerably decreased 

oxidative damage due to heat stress because of improved levels of non-enzymatic and enzymatic antioxidants. Under heat 

stress conditions, a considerable decrease in the content of chlorophyll and an increase in the H2O2 (Hydrogen peroxide) and 

MDA (Malondialdehyde) levels have been observed. With Proline supplement, the Hydrogen peroxide and MDA content in 

shoots were reduced by 20% and 32%, respectively as compared to those growing devoid of Proline supplement at the same 

temperatures. A noteworthy development was also observed in the enzyme activates of carbon metabolism in Proline-applied 

plants. These findings proposed that external Proline conveys heat tolerance to chickpea. In a study by Kumar et al., 2012 

demonstrated that the external application of Glycinebetaine, Trehalose, and Proline (10 μM) supports the growth during heat-

stress in chickpea plant.  

3. Polyamines: Polyamines (PAs) are low molecular weight organic polycations and aliphatic amines present in a broad variety 

of organisms from plants to bacteria and animals. They play a significant role in response to abiotic stress in plants. Many 

studies demonstrated that the accumulation of three main polyamines (putrescine, Put; spermidine, Spd, and spermine, Spm) 

was found under different types of abiotic stresses. Polyamine offers shelter to plant from heat stress by affecting 

photosynthesis activities in different ways. Polyamine quantity can control the synthesis of heat-shock proteins that have 

significant roles in retaining the integrity and properties of cell membranes during heat stress. 

4. Regulatory proteins: In plant genome, ~7% of coding genes are to be TFs (Transcription Factors) and many of these belong 

to heat stress transcription factors (HSFs) family. Besides metabolic proteins, some regulatory proteins such as TFs (NAC, 

AP2/ERF, bZIP, TIFY, AREB, MYB and MYC), phosphatase and protein kinases also play a role in heat stress tolerance by 

contributing in signal transduction pathways and their synchronization. TFs play an important role in the conservation of stress 

signal perception to the expression of stress-responsive genes by interacting with cis-acting elements present in the promoter 

region of targeted stress-responsive genes, thus activating signaling cascade whole network of genes and enhancing plant 

tolerance to heat stress environment.  

5. Antioxidants: Tolerance to heat stress in crop plants is also associated with an increase in antioxidative capacity. Heat stress 

causes the accumulation of harmful ROS (Reactive Oxygen Species) in most commonly hydrogen peroxide (H2O2), hydroxyl 

radicle (OH), and singlet oxygen (1O2) which are responsible for oxidative stress. The reaction centers of photosystem PSI and 

PSII in chloroplasts are the major sites of ROS generation during the heat stress. A tolerant plant starts its mechanism by 

producing various enzymes and metabolites. Ascorbate is markedly reduced during heat stress but glutathione disulfide 

(GSSG) and GSH content increased. Heat stress turn on an increase of the antioxidant enzymes like GST (Glutathione S-

transferase), GR (Glutathione reductase), APX (Ascorbate peroxidize), glutathione peroxidize (GPX), and superoxide 

dismutase (SOD). It protects the crop plants under heat stress by protecting the cell membrane, protein degradation, enzyme 

deactivations, etc. 
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Table: 1 Basic Molecular Function of HSPs for Heat Stress Tolerance in Plants. 

Classes of heat shock protein Functions 

HSP100 ATP-dependent dissociation and degradation of aggregate protein 

HSP90 Co-regulator of heat stress linked signal transduction complexes and manages 

protein folding. It requires ATP for its function 

HSP70, HSP40 Primary stabilization of newly formed proteins, 

ATP-dependent binding and release 

HSP60, HSP10 ATP-dependent specialized folding machinery 

HSP20 or small HSP (sHSP) Formation of high molecular weight oligomeric complexes which 

serve as cellular matrix for stabilization of unfolded proteins. 

HSP100, HSP70 and HSP40 are needed for its release 

 

Table: 1 Basic Molecular Function of HSPs for Heat Stress Tolerance in Plants. 

Source of gene Name of gene Transformed 

A. thaliana Hsp100, Hsp101-Heat shock protein Z. mays and O. sativa 

G. max  P5CR- Osmoprotectants A. thaliana 

P. sativum, H.vulgare APX-Antioxidant A. thaliana 

A. globiformis Cod A-Osmoprotectants A. thaliana 

Spinaciaoleracea BADH- Osmoprotectants N. tabacum 

A. halophytica Dnak1- Heat shock protein N. tabacum 

N. tabacum MT-sHSP- Heat shock protein L. esculentum 
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Abstract 

The role of institutional finance in the agricultural development is well recognized in both developed as well as developing 

countries and a large number of literatures are available in support of this view. Circumstantial evidence shows that where 

agriculture has grown rapidly, institutional credit has expanded quickly Nationally integrated financial institution are 

necessary and desirable to accomplish financial intermediation between deficit and surplus units, seasons, years, regions and 

economic sub-systems for agricultural development. The increased role of formal lenders relative to their counterparts i.e. the 

informal lenders in the process of economic development may be due to the fact, that monetization offers advantages. 

Introduction 

Institutional finance helps the resource poor, small and marginal farmers to get out from the clutches of usurious village money 

lenders who charge exorbitant rate of interest and force them to entangle in external debt-trap. Considering the inevitability of 

injecting finance in agriculture sector for sustainable development and also to safeguard the down trodden farmers against the 

exploitative private money lenders, government of many countries have taken several measures time to time to step up 

institutional credit to the farmers. In India, the flow of funds from formal credit institutions to agricultural sector started with 

the enactment of the Cooperative Societies Act in 1904 by the then British Government with the principle of small locally 

worked institutions on lines of European village institution for the supply of rural credit (Agrawal 1973). It also aims at larger 

coverage of rural households not only to meet their credit needs, but also to provide a place to deposit excess liquidity whenever 

it arises during production and consumption cycles. 

Share of Institutional Finance in Agriculture Sector 

With the persistent effort on the part of the Government, the share of institutional finance to agriculture has sprang to 64 per 

cent in 2013 from a paltry 10.2 per cent in 1951 and flow of fund from non-institutional sources has dropped down to 36 per 

cent from a staggeringly high 89.8 per cent over the same period (NSSO, various issues) although, the corresponding shares 

are accounted to be 56 per cent and 44 per cent in 2013 in case of rural credit. Here it is to be noted that in spite of substantial 

growth in formal sector lending to agricultural/rural credit, still private money lenders control over rural financial market 

cannot be ignored i.e. non-institutional sources have shown a great resilient in retaining a large share of rural finance. Under 

the prevailing multi-agency approach in case of institutional finance, agricultural credit is provided at the grass root level by 

cooperatives, commercial banks and regional rural banks (RRBs). The contribution of these agencies to agriculture and allied 

activities are found to be 18, 68 and 14 per cent respectively during the financial year 2012-13 (RBI, 2016).  

There is a sharp decline in the share of non-institutional sources of credit and institutional financing rising gradually with 

increased flow of credit to agriculture. Among the institutional sources of credit, cooperative banks / societies were the 

dominant agency in meeting the credit needs in farm sector. The cooperative banks are today facing severe problems due to 

dual control (by RBI/NABARD and state cooperative departments), government problems, under capitalization, high overdue, 

NPA, high cost of funds and a sharp fall in the percentage of borrowing members from 65 per cent in 1990-91 to 44 per cent in 

1999 – all leading to decline in cooperative’s share of both production and investment credit (Datta and Sriram, 2010). 

Conclusions 

Institutional finance practices good corporate governance and social responsibility. These institutions should be purely 

‘member-driven’ keeping the principle of cooperation in letter and spirit. They are covering sound and prudent policies for 

loans and investments and conduct themselves in the larger interests of the depositors and the general public. Institutional 
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finance overcomes their inertia and resistance to change and emerge as technology-driven, well managed institutions to inspire 

confidence in the public and secure their survival. 
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Introduction 

Solid waste management in urban areas is among the grave environmental challenges in low and middle-income countries. 

With increasing environmental concerns and public awareness, waste experts are forced to develop more sustainable method 

of municipal waste management. Recycling of biowastes (organic materials) is limited, despite being the largest fraction of all 

municipal wastes. Use of black soldier fly (BSF), Hermetia illucens has gained much consideration in the recent years as an 

innovative approach of biowaste conversion with help of insects. Its immense popularity is due to the opportunity of using the 

harvested BSF larvae as a poultry and fishery feed. Recently many small enterprises are investing into this technology.  

Life Cycle 

Black soldier fly is a multi-beneficial insect belonging to Stratiomyidae family of Diptera. It occurs naturally in the tropical and 

sub-tropical regions. The female adult lays 400-800 eggs in small, sheltered crevices close to the decomposing organic matter. 

The incubation period is four days after which the tiny maggots start searching for food and feed on the nearby biowastes. The 

maggots feed voraciously and grow to a size of 2.5 cm length and 0.5 cm width. About 14-16 days will be required for larval 

development under optimal conditions with ideal quantity and quality of biowastes. The larvae after the fifth instar stage reach 

pre-pupal stage, undergo pupation in a suitable location, emerge out after two to three weeks. The fly lives for about one week 

during which it finds its mates and oviposit in ideal location before dying. The fat and protein reserves stored during larval 

developments are utilized in later stages as it is the only feeding stage in its life cycle. 

Optimal Environmental Conditions and Food Sources 

1. Warm climate: 25-32o C is considered as ideal temperature. Under hot conditions larvae will crawl away from food sources, 

while lower temperatures will slow down their metabolism.  

2. Shaded environment: if the food source is exposed to bright sunlight, larvae will move deeper into the layers to search for 

shaded environment.  

3. Moisture content: the food source should be moist with 60-90% water to enable ingestion of wastes by larvae.  

Fig 1: Pupae of BSF Fig 2: Biowastes being fed by BSF larva 
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4. Particle size: small pieces, liquid or pasty forms of wastes are more preferred as the maggots do not have chewing mouth 

parts. 

BSF Processing facility 

1. Rearing unit ensures that consistent quantities of five days old larvae are available to inoculate the biowastes received at 

treatment facility. 

2. Preprocessing unit receives the biowaste suitable for feeding the larvae. Hazardous materials and inorganic substances are 

removed from the collected biowastes if present. Large clumps are broken down to smaller pieces and moisture level is 

maintained by either dewatering or adding different biowastes.  

3. Waste treatment unit is where the five days old larvae are fed with biowastes. The young larvae feed upto two weeks, thus 

reducing the quantity of biowastes. 

4. Product harvesting unit contains trays filled with biowastes in which the prepupal larvae are collected and maintained to 

facilitate pupation.  

5. In Post treatment unit the larvae and residues are processed depending upon market demand. The larvae may be killed and 

crushed/ freeze/ dried based upon requirement. 

Human Relevance and Use 

1. The prepupae and pupae are utilized as components in poultry, aquaculture and even dog feed as a protein source.  

2. The larvae are used to produce grease for use in pharmaceutical industries and chemical engineering industries. 

3. The chitin obtained from larvae are used in shipping commodities to prevent biofouling.  

4. The larval biomass obtained from the BSF larvae can be used as a non-feed food stock for biodiesel production. The biodiesel 

thus obtained from larval grease met Europen standards EN 14214. 

5. BSF compost is superior to farmyard manure, vermicompost and sheep manure in terms of N, P, K and other micronutrients. 

The compost has been evaluated to be useful in horticultural crops. NBAIR has termed BSF compost as ‘Black gold’ as it is rich 

source of nutrients. 

Key Attributes 

1. The biowaste is converted into high quality protein (35%) and crude fat (30%) (Surendra, 2016) in the larvae, which serves 

as the best alternatives to conventional poultry and aquaculture feed.  

2. Feeding by BSF larvae decreases the pathogenic bacteria by reducing the quantity of wastes, thus decreasing the risk of 

disease transmission at farm level or at waste treatment sites. 

3. When used at source of biowaste generation, the transportation costs and space required for waste transportation is 

drastically reduced, in turn reducing the open dumping. 

4. The residues after treatment with BSF can be used in agriculture to reduce soil depletion has it contains nutrients and organic 

content.  

5. Small enterprises with low investments can rely on this simple technology with unskilled labour as the need for high end 

technology is eliminated. 

Conclusions 

Owing to the biological characteristics, BSF can be widely used for biowastes treatment in ecofriendly manners. Apart from 

conversion of biowastes to innocuous forms, it converts nutrients into biomass. There is a huge potential in utilization of BSF 

which is needed to be tapped.  Large scale breeding and industrialization remains in experimental stage. With developments 

in agriculture and livestock farming, problems related to food and energy will be intensified. Research on utilization of BSF 

will gain attention. Studies related to process and mechanism of conversion are necessary to evaluate the procurement and 

safety of nutrients from BSF. These developments will play an important role in agriculture, livestock and industrial 

improvements. 
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Introduction 

Soil quality, has been defined as the “capacity of the soil to function” (Doran and Parkin 1994). The terms ‘soil health’ and ‘soil 

quality’ are interchangeable. ‘Soil quality’ is generally used more by soil scientists and ‘soil health’ by others, but they do have 

different emphasis. Indian agriculture was potentially explored from mid of sixties with an introduction of high yielding 

varieties, high analysis fertilizers, agrochemicals and use of irrigation water with precise irrigation techniques. These are 

resulted in quantum jump in food, fiber and fodder production. The conservative estimate showed that the demand for food 

grains would increase from 277.49 MT in 2017 to 355 MT in 2030. The major cause of soil quality deterioration are wide gap 

between nutrient removal and supply, high nutrient turn over in soil-plant system coupled with low and imbalanced fertilizer 

use, emerging deficiencies of secondary and micronutrients in soil, soil acidity, nutrient leaching in sandy soils, nutrient 

fixation in red, lateritic and clayey soils, impeded drainage in swell-shrink soils, soil salinization and sodification etc.  

Soil Quality Indicators 

Soil quality indicators can be defined loosely as those soil properties and processes have greatest sensitivity to changes in soil 

functions. Indicators are a composite set of measurable attributes which are derived from functional relationships and can be 

monitored via field observation, field sampling, remote sensing, survey or compilation of existing information. Indicators 

signal desirable or undesirable changes in land and vegetation management that have occurred or may occur in the future. The 

predominant soil quality indicators at micro and macro farm scale as suggested by Singer and Ewing (2000). 

Strategies for Improving Soil Quality 

1. Controlling soil erosion through effective soil and water conservation (SWC) measures: It is well accepted connotation 

that ‘Prevention is better than cure’. In order to protect the top soil, organic matter content contained in it and associated 

essential nutrients, it is of prime importance that there should be no migration of soil and water out of a given field. If this is 

controlled, the biggest robbery of clay-organic matter -nutrients is checked. This can be easily achieved, if the existing 

technology on soil and water conservation is appropriately applied on an extensive scale. 

2. Rejuvenation and reorientation of soil testing program in the country: About more than 700 Soil testing laboratories 

established in the country need to be reoriented, restructured and need to be given fresh mandate of assessing the soil quality 

in its totality including chemical, physical, biological soil quality indicators and water quality. The testing needs to be on 

intensive scale and recommendations are required to be made on individual farm history basis. 

Physical Indicators Chemical Indicators Biological Indicators 

Clay mineralogy Base Saturation Percentage Microbial biomass 

Structural stability Cation exchange capacity C and N/Oxidizable carbon 

Bulk density Contaminant availability Total biomass carbon 

Colour Contaminant concentration Potentially mineralizable N 

Hydraulic conductivity Contaminant mobility Soil respiration 

Particle size distribution Contaminant presence Enzymes 

Penetration resistance Electrical conductivity Dehydrogenase 
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Oxygen diffusion rate Ex. sodium percentage Phosphatase 

Consistence (dry, moist, wet) Nutrient cycling rates Arlysulfatase 

Penetration resistance pH Biomass C/total organic carbon 

Pore conductivity Plant nutrient availability Respiration /biomass 

Pore size distribution Sodium adsorption ratio Microbial community 

fingerprinting 

Soil strength  Substrate utilization 

Soil tilth  Fatty acid analysis 

Structure type  Nucleic acid analysis 

Temperature   

Total porosity   

Water holding capacity   

Predominant Soil Quality Indicators 

3. Promotion of agricultural management practices which enhance soil organic matter: Enhancing organic matter in soils in 

semi-arid tropics and tropics is indomitable task. However, regular addition of organics without hastening their decomposition 

process can provide some relief. Management practices such as application of organic manures (composts, FYM, vermi-

composts), legume crop based green manuring, tree-leaf based green manuring, crop residue recycling, sheep-goat penning, 

organic farming including green manuring can also be made so that growers should be motivated to take up these practices as 

inbuilt components of integrated nutrient management (INM) system. 

4. Ensuring availability of balanced multi-nutrient fertilizers: Fertilizer companies need to produce multi-nutrient fertilizers 

containing nutrients in a balanced proportion so that farmers can use these fertilizers without much hassle. 

5. Enhancing the input use efficiency through precision farming: The present level of use efficiency of fertilizer nutrients, 

chemicals, water and other inputs is not very satisfactory. Hence, costly inputs go waste to a greater extent and result in 

monetary loss and environmental (soil and water) pollution. More focus is required to improve input use efficiency. 

6. Amelioration of problematic soils using suitable amendments and improving their quality to a desired level: History has 

a record that poor soil quality or degraded soils have taken toll of even great civilizations. No country can afford to let its soils 

be remaining degraded by virtue of water logging, salinization, alkalinity, erosion etc. Lots of efforts have already gone into 

the research process in relation to soil amendments. 

7. Land cover management: The concept of land cover management is still ridiculed at some quarters in India, may be because 

of lack of understanding. The lessons of United States Department of Agriculture (USDA) regarding soil erosion due to wind 

and water during dusty storms and torrential rains are adequate to understand the concept of land cover management. 

Conclusions 

Improper use of soil causes degradation of soil and the ecosystem, therefore need to match use and management of the land to 

the soil's capability. To protect and improve long term agricultural productivity water quality and habitats of all organisms’ 

Agricultural system including human being. Management practices such as application of organic manures (composts, FYM, 

vermi-composts), legume crop based green manuring, tree-leaf based green manuring, crop residue recycling, sheep-goat 

penning, organic farming, conservation tillage, inclusion of legumes in crop rotation need to be encouraged. Similar to 

inorganic fertilizer, provision for incentives for organic manures including green manuring and integrated nutrient 

management (INM) system improve soil quality. 
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Introduction 

Nitrogen (N) plays a key role in the plant life cycle and essential nutrient for growth and development of plants, is added to 

agricultural fields to boost crop yields. It is the main plant mineral nutrient needed for chlorophyll production and other plant 

cell components (proteins, nucleic acids, amino acids). Crop yield is affected by plant N status. Plants absorb nitrogen as a 

mineral nutrient mainly from soil, and it can be may come in the form of ammonium (NH4+) and nitrate (NO3−). However, 

soil N supply is often limited, which forces farmers to increase the amount of N fertilizers in order to achieve better crop yield. 

However, farmers may provoke nitrogen overfertilization, which thwarts optimum plant productivity, as plants are not able 

to absorb the excess of N-fertilizer. This entails unnecessary expenditure on the part of farmers. Nitrate leaching, soil 

denitrification, and vitalization are the main processes for N-fertilizer excess loss, contributing to environmental pollution. 

Nitrate leaching contaminates groundwater and other bodies of water, which may contribute to eutrophication. 

1. Predicting nitrogen fertilizer need with remote Sensing: Remote sensing from aerial or satellite platforms has long been 

considered a promising source of information for land management decisions (Johannsen and Barney 1981). Several barriers 

have impeded the adoption of remote sensing for crop management decisions, including image availability, timeliness, spatial 

resolution, susceptibility to weather conditions, and limited knowledge of how to translate images into management decisions. 

As additional infrastructure is developed and new platforms become available, these barriers are slowly being reduced. In 

addition, progress is being made in understanding how to interpret images to make good management decisions. 

2. Remote sensing of crop nitrogen status to predict nitrogen fertilizer need: A considerable research effort has been devoted 

to detecting crop N stress using remote sensing. This includes a substantial and promising body of work with ground-based 

sensors, but we will limit the scope of our discussion in this paper to the more traditional meaning of remote sensing: sensing 

from aerial or satellite platforms. In general, different levels of nitrogen stress can be easily detected in aerial images (Blackmer 

et al. 1996). One obstacle to using remotely sensed data to make N management decisions is that many crops have not 

developed a full canopy at the time that in-season N management decisions are traditionally made. Soil reflectance is often 

greater than crop reflectance in visible wavelengths and can therefore interfere with remote estimates of crop reflectance. 

Several groups have begun to develop indexes that are sensitive to plant color in mixed soil-plant scenes. 

3. Remote sensing of soil nitrogen supply to predict nitrogen fertilizer need: Soil organic matter (or organic carbon) content 

and water content are generally the two soil properties most correlated to soil reflectance in bare soil images (Zheng and 

Schreier 1988). Although remote sensing may be used to construct maps of predicted soil organic matter content with 

reasonable accuracy, we are far from having an equation that makes this prediction across a range of soil types and soil moisture 

levels. The utility of a soil organic matter map is based on the premise that N mineralization, and subsequently N availability 

to the growing crop, will be proportional to organic matter content. With spatially dense data obtained through remote sensing, 

a variable N application map that is a function of soil organic matter could then be developed. 

4. Advantages and limitations of remote sensing for nitrogen improvement: The main advantages of remote sensing for 

nitrogen improvement are the spatial detail of the information that is collected and the speed with which information can be 

collected and possibly assessed over large areas. The concept that nitrogen needs of crops often vary substantially across fields 

and landscapes is now fairly well established, and remote sensing may be one of our best tools for understanding and 
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responding to this spatial variability. The ability to cover large areas quickly makes remote sensing an ideal feedback tool for 

evaluating nitrogen improvement decisions made early in the season.  

Limitations of remote sensing for nitrogen improvement include availability, timeliness, spatial resolution, susceptibility to 

weather conditions, and limited knowledge of how to translate images into management decisions. Currently, there are not 

enough satellite- or airplane-based sources of remote sensing data to make remote sensing information reliably available to 

producers. Competition for satellite imagery is keen, particularly for the new generation of higher-resolution satellites. Angle 

of image acquisition may be an issue with these satellites, as well. Older satellites may have spatial resolution that is too coarse 

to be effectively used in nitrogen improvement. The remote sensing industry is not accustomed to providing images acquired 

at specific times and delivered quickly and it is not currently structured to provide this type of service. Satellites may take too 

long between successive passes over a specific area to provide information for time-sensitive management decisions. If and 

when these obstacles are overcome, difficulties with weather will remain. Good images require nearly cloudless conditions, 

and even then, atmospheric corrections can be complex. 

Conclusions 

Nitrogen application often dramatically increases crop yields, but nitrogen needs vary spatially across fields and landscapes. 

Recent technical advances have made spatially variable applications of nitrogen accessible to many crop producers. The main 

obstacles to adoption of spatially variable N management are the inconvenience, expense, and limited accuracy of currently 

available methods for predicting how much N to apply and where. Crop nitrogen needs are often spatially variable. Remote 

sensing provides spatially dense information that may help us understand and predict spatially variable crop nitrogen needs. 

Variable-rate nitrogen applications might be based on remote sensing of soil color or crop color. Sensing of crop color could 

provide feedback on the performance of nitrogen improvement decisions. 

Nitrogen fertilization with the correct dose and timing is essential for successful crop production. Sustainable nutrient 

management strategies have been highly successful in various farms through the world. Monitoring fertilization has become a 

valuable tool in farm crop management, helping farmers to improve crop productions and to increase incomes. Smart 

fertilization based on remote sensing techniques has shown various advantages, such as improvement of crop productivity 

and quality and agroecosystem protection. In the latest years, the costs of remote sensing application in nitrogen management 

have decreased and have become more common in agricultural sectors. 
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Introduction 

Soil fertility is the ability of soil to sustain plant growth and optimize crop yield. This can be enhanced through organic and 

inorganic fertilizers to the soil. Nuclear techniques provide data that enhances soil fertility and crop production while 

minimizing the environmental impact. 

Advancing food security and environmental sustainability in farming systems requires an integrated soil fertility management 

approach that maximizes crop production while minimizing the mining of soil nutrient reserves and the degradation of the 

physical and chemical properties of soil that can lead to land degradation, including soil erosion. Such soil fertility management 

practices include the use of fertilizers, organic inputs, crop rotation with legumes and the use of improved germplasm, 

combined with the knowledge on how to adapt these practices to local conditions. 

Soil Fertility Maintenance 

The key physical, chemical, and biological components of soil fertility maintenance are the following: 

1. Control of erosion: All the available techniques for controlling soil losses have been applied for many years, even hundreds 

of years, often in a very successful way and often alongside practices that are examples of what not to do. Sound stewardship 

of the soil, however, is not a universal goal; the needy and the greedy often have no interest in long-term and often low-payoff 

investments. In general, practical soil erosion control programs have been initiated by governments, for example, the U.S. Soil 

Conservation Service (SCS). Traditional moldboard plowing is an effective means of controlling weed, insect, and disease 

problems, and so the shift to reduced tillage practices tends to necessitate the use of more chemical pesticides. Fertilizer 

placement becomes more critical and thus leads to an increased demand for innovations in product and application equipment. 

One of the key components of erosion control is the rapid establishment of ground cover in order to reduce rainfall impact on 

the soil surface; thus, the selective encouragement of weed growth combined with a sound herbicide application program is a 

practical proposition in some areas. 

2. Maintenance of organic matter: In the natural uncultivated condition, the regular addition of plant detritus that is 

incorporated into the soil by soil organisms leads to the development of higher levels of soil organic matter (humus), which, in 

turn leads to improved soil structure and improved plant nutrient and water holding properties and greatly increased storage 

of soil nitrogen (N). The final level of organic matter in a soil is a characteristic of a particular soil; generally, higher rainfall 

increases the level while higher temperatures decrease the level. Once a soil is cultivated, the level of the soil organic matter 

declines. In turn large quantities of inorganic N are initially liberated, the physical stability of the soil is reduced, and its capacity 

to act as a reservoir for plant nutrients and soil moisture is diminished, and, of course, large quantities of nutrients are removed 

in the harvest. These are facts that account for the serious destruction of structurally fragile soils, however, for most of the 

productive soils of the world, these facts have been of little interest to the farmer because improved cultivation techniques 

combined with improved crop varieties and fertilizer use have achieved major increases in yields despite soil and organic 

matter losses. 

3. Maintenance of soil physical properties: Historically, maintaining the soil's physical properties has been of prime concern 

for the farmer, and the timing of tillage operations to match optimum soil moisture contents for good results is a skill all farmers 

have to learn. Organic manures and correct crop residue management and rotations all improve soil physical structure. Various 

synthetic soil conditioners are being marketed for agricultural use; Krillium (Monsanto), a synthetic organic soil conditioner, 
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was available in the 1950s. The improvement of soil physical conditions is essentially controlled by the farmer's skills and by 

the equipment manufacturer bringing in innovative developments such as the high flotation equipment to lessen soil 

compaction. 

4. Avoidance or the reduction of the effect of toxicities: The classic toxicity problems are the acid nature of many upland soils 

and the salinization of arid soils. acid soils are treated with various basic materials and, particularly, crushed limestone. Most 

national liming programs have been subsidized because farmers in the 1930s and 1940s were reluctant to spend money on 

liming. The increasing use of soil acidifying nitrogenous fertilizers has always concerned agronomists who have developed 

sound liming programs for most farm situations. It should be noted that attempts to develop the use of neutral or less acidifying 

fertilizers have been overtaken by the development of low-cost technologies for urea production. It is appropriate here to draw 

attention to the fact that soil acidification can be a serious problem even where nitrogenous fertilizers are not used. The 

acidification of ley pastures in Australia caused by the mineralization of biologically fixed nitrogen in the soil is well 

documented. 

5. Integrated nutrient management: It thus embraces soil, nutrient, water, crop, and vegetation management practices, tailored 

to a particular cropping and farming system, undertaken with the aim of improving and sustaining soil fertility and land 

productivity and reducing environmental degradation. Integrated Plant Nutrient Management aims to optimize the condition 

of the soil, with regard to its physical, chemical, biological and hydrological properties, for the purpose of enhancing farm 

productivity, whilst minimizing land degradation. INM would include the use of farmyard manures, natural and mineral 

fertilizers, soil amendments, crop residues and farm wastes, agroforestry and tillage practices, green manures, cover crops, 

legumes, intercropping, crop rotations, fallows, irrigation, drainage, plus a variety of other agronomic, vegetative and 

structural measures designed to conserve both water and soil. The underlying principles on how best to manage soils, nutrients, 

water, crops and vegetation to improve and sustain soil fertility and land productivity and their processes are derived from 

the essential soil functions necessary for plant growth. 

Conclusions 

The balanced fertilization along with manures improved the soil aggradation process as well as biological activity of soil and 

maintained soil quality and sustainability of productivity. The maintenance of soil organic matter levels and the optimization 

of nutrient cycling are essential to the sustained productivity of agricultural systems. Crop production worldwide has generally 

resulted in a decline in soil organic matter levels and, consequently, in a decline of soil fertility. Integrated nutrient management 

improve and sustain soil fertility and land productivity. 
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Introduction 

Resource use efficiency is affected by all factors which directly or indirectly affect the agricultural production. Therefore, 

technologies mean which promote the output production per unit input. Recently in agriculture tools and techniques are 

having promising effect on resources saving and efficiency-enhancing. 

Soil Fertility Maintenance 

Over the past 2-3 decades was globally, conservation agriculture has emerged as a tool for transition to the sustainability or 

intensive production system. The conservation agriculture refers to the system of raising crops without tilling the soil with the 

crop residue retaining on the soil surface. Conservation agriculture permits of soil management for agriculture production 

without excessively disturbing the soil, while protecting it from to degradation, e.g. erosion, aggregate breakdown, compaction, 

loss in organic matter and nutrients losses. 

The Key Features of Conservation Agriculture are: 

1. Minimum soil disturbance by adopting zero tillage and reduce tillage for agriculture operations. 

2. Leave and manage the crop residues on the soil surface. 

3. Adopt spatial and temporal crop sequence / crop rotation to maximize the benefit from inputs and minimize adverse 

environmental impacts. 

Advantages of Conservation Agriculture:  

Rapid adoption of conservation technologies is attributed to multiplicity of benefits. Some of the proven benefits of 

conservation agriculture are as below: 

1. Reduction in cost of cultivation: Results of several studies find out that the cost of cultivation under conservation agriculture 

is reduced by Rs2000-3000/ha. Cost reduction attributed is savings on account of fossil fuel, labour-power, field cleaning and 

weedicides.   

2. Reduced incidence of weeds: Number of several studies indicates reduced the incidence of major weeds in related respective 

crops that resulted in less use of weedicides. 

3. Savings of water and nutrients: Many experimental research result and farmers experience indicate that considerable saving 

in water up to 20-30% and nutrients are achieved through crop residue management like; zero tillage planting, laser-levelled 

and bed/broadbed planting.  

4. Increased yield: In properly managed under conservation agriculture yields are invariably higher by 6-10% as compared to 

traditionally prepared field. 

5. Environmental benefits: Conservation agriculture involving surface managed crop residue systems are an excellent 

opportunity to eliminate burning of crop residue (Presently happen burning problem in Haryana & Punjab) which contribute 

to large amount of harmful gases (Green-house gases) like; CO2, CO, NO2, SO2 and particular matter. Due to burning residues 

also contribute to considerable loss of plant nutrients, which could be recycled when properly managed. 
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6. Crop diversification opportunities: With the adopting conservation agriculture system offers opportunity for crop 

diversification. Crop rotations, cropping sequence and system of cropping with forestry when adopted in appropriate spatial 

and temporal pattern can enhance the natural ecological processes and also skip single crop failure incidence.  

7. Improvement in resource-use efficiency: Combined action like; No-till/zero-till with surface managed crop residues sets in 

the process in the whereby slow decomposition of residues results in soil structural improvement and increased recycling and 

availability of plant nutrients. A surface residue acting as mulch, moderate soil temperatures, reduce water losses 

(evaporation), improves microbial activity and provide better environmental for root/plant growth. 

Variant of Conservation Agriculture:  

With the advancement of technology, a number of conservation agriculture machineries having wide potential suited for many 

kinds of production system have emerged out. The prominent conservation agriculture technologies being popularized among 

the farmers are. 

1. Zero-tillage: This is the most common conservation agriculture technology in which seeds are placed into the soil by a zero-

till drill without prior land preparation. During seeding a narrow slot made by the inverted-T soil opener. This type of drill is 

most useful where small amount of crop residue remained on the soil surface (4t/ha.) after previous crop harvesting. 

2. Reduce tillage: In this system, all primary field preparation operations are avoided and soil is disturbed only to the crop can 

be sown with proper till conditions. For this, strip and rotary till drill have been developed which consist shallow rotovator 

and pulverize the soil in narrow strip and sowing the seeds in 1 operation. 

3. Bed planting: In this system seeds are planted on raised beds varies from 65 to 90 cm in width (centre to centre) and 10 to 15 

cm in height. Bed planting requires lower seed rate and water with better plant stand. 

 

 

Zero Tillage 
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4. Paddy transplanter: The self-propelled and tractor-operated paddy transplanter ensures uniform transplanting. These 

machines require special type of nursery raising (Mat type) seedlings. The seedlings tray of the transplanter for efficient 

performance of the transplanter, it is desired that field are well levelled and seedlings mat are of proper age approximate 

density and thickness. 

5. Laser-land leveller: It is involving the use of laser transmitter that emits a rapidly rotatingbeam parallel to the required field 

plan, which is picked up by a sensor (receiving unit) fitted to a tractor toward the scrapper unit. Level adjustment and the 

corresponding changes in the scrapper level are carried out automatically by a hydraulic control system. It is bringing 3-5% 

more cultivable area saves over the other conventional land levelling methods. 

Bed Planter 

Paddy Transplanter 
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Summary 

The country needs appropriate and scientific users of natural resources. The extreme stress on these resources leading 

production fatigue, poor resource use efficiency and countries rich is showing sigh of stress. An integration of modern tools 

and techniques have shown promise to enhance resource-use efficiency on the one hand and to conserve valuable resources on 

the other. 
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Introduction 

Resource use efficiency is affected by all factors which directly or indirectly affect the agricultural production. Therefore, 

technologies mean which promote the output production per unit input. Recently in agriculture tools and techniques are 

having promising effect on resources saving and efficiency-enhancing. 

Soil Fertility Maintenance 

Over the past 2-3 decades was globally, conservation agriculture has emerged as a tool for transition to the sustainability or 

intensive production system. The conservation agriculture refers to the system of raising crops without tilling the soil with the 

crop residue retaining on the soil surface. Conservation agriculture permits of soil management for agriculture production 

without excessively disturbing the soil, while protecting it from to degradation, e.g. erosion, aggregate breakdown, compaction, 

loss in organic matter and nutrients losses. 

The Key Features of Conservation Agriculture are: 

1. Minimum soil disturbance by adopting zero tillage and reduce tillage for agriculture operations. 

2. Leave and manage the crop residues on the soil surface. 

3. Adopt spatial and temporal crop sequence / crop rotation to maximize the benefit from inputs and minimize adverse 

environmental impacts. 

Advantages of Conservation Agriculture:  

Rapid adoption of conservation technologies is attributed to multiplicity of benefits. Some of the proven benefits of 

conservation agriculture are as below: 

1. Reduction in cost of cultivation: Results of several studies find out that the cost of cultivation under conservation agriculture 

is reduced by Rs2000-3000/ha. Cost reduction attributed is savings on account of fossil fuel, labour-power, field cleaning and 

weedicides.   

2. Reduced incidence of weeds: Number of several studies indicates reduced the incidence of major weeds in related respective 

crops that resulted in less use of weedicides. 

3. Savings of water and nutrients: Many experimental research result and farmers experience indicate that considerable saving 

in water up to 20-30% and nutrients are achieved through crop residue management like; zero tillage planting, laser-levelled 

and bed/broadbed planting.  

4. Increased yield: In properly managed under conservation agriculture yields are invariably higher by 6-10% as compared to 

traditionally prepared field. 

5. Environmental benefits: Conservation agriculture involving surface managed crop residue systems are an excellent 

opportunity to eliminate burning of crop residue (Presently happen burning problem in Haryana & Punjab) which contribute 

to large amount of harmful gases (Green-house gases) like; CO2, CO, NO2, SO2 and particular matter. Due to burning residues 

also contribute to considerable loss of plant nutrients, which could be recycled when properly managed. 
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6. Crop diversification opportunities: With the adopting conservation agriculture system offers opportunity for crop 

diversification. Crop rotations, cropping sequence and system of cropping with forestry when adopted in appropriate spatial 

and temporal pattern can enhance the natural ecological processes and also skip single crop failure incidence.  

7. Improvement in resource-use efficiency: Combined action like; No-till/zero-till with surface managed crop residues sets in 

the process in the whereby slow decomposition of residues results in soil structural improvement and increased recycling and 

availability of plant nutrients. A surface residue acting as mulch, moderate soil temperatures, reduce water losses 

(evaporation), improves microbial activity and provide better environmental for root/plant growth. 

Variant of Conservation Agriculture:  

With the advancement of technology, a number of conservation agriculture machineries having wide potential suited for many 

kinds of production system have emerged out. The prominent conservation agriculture technologies being popularized among 

the farmers are. 

1. Zero-tillage: This is the most common conservation agriculture technology in which seeds are placed into the soil by a zero-

till drill without prior land preparation. During seeding a narrow slot made by the inverted-T soil opener. This type of drill is 

most useful where small amount of crop residue remained on the soil surface (4t/ha.) after previous crop harvesting. 

2. Reduce tillage: In this system, all primary field preparation operations are avoided and soil is disturbed only to the crop can 

be sown with proper till conditions. For this, strip and rotary till drill have been developed which consist shallow rotovator 

and pulverize the soil in narrow strip and sowing the seeds in 1 operation. 

3. Bed planting: In this system seeds are planted on raised beds varies from 65 to 90 cm in width (centre to centre) and 10 to 15 

cm in height. Bed planting requires lower seed rate and water with better plant stand. 

 

 

Zero Tillage 

 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            499 | P a g e  
 

4. Paddy transplanter: The self-propelled and tractor-operated paddy transplanter ensures uniform transplanting. These 

machines require special type of nursery raising (Mat type) seedlings. The seedlings tray of the transplanter for efficient 

performance of the transplanter, it is desired that field are well levelled and seedlings mat are of proper age approximate 

density and thickness. 

5. Laser-land leveller: It is involving the use of laser transmitter that emits a rapidly rotatingbeam parallel to the required field 

plan, which is picked up by a sensor (receiving unit) fitted to a tractor toward the scrapper unit. Level adjustment and the 

corresponding changes in the scrapper level are carried out automatically by a hydraulic control system. It is bringing 3-5% 

more cultivable area saves over the other conventional land levelling methods. 

Bed Planter 

Paddy Transplanter 
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Summary 

The country needs appropriate and scientific users of natural resources. The extreme stress on these resources leading 

production fatigue, poor resource use efficiency and countries rich is showing sigh of stress. An integration of modern tools 

and techniques have shown promise to enhance resource-use efficiency on the one hand and to conserve valuable resources on 

the other. 

References 

1. Gangwar, B. and Singh, A.K. 2011, Efficient Alternative Cropping System, pp, 339, Project Directorate for Farming System 

Research, Modipuram, Meerut, India. 

2. Kuriakose, F. and Iyer, D.K. 2013. Land use and agrarian relations. Kurukshetra. 61(5): 3-8. 

  

Laser-land leveler 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            501 | P a g e  
 

Soil Fertility Management in Dry Lands 

Article id: 23771 

Govind Kumar Yadav: Ph.D. Research Scholar, Department of Soil Science and Agricultural Chemistry, Sri Karan Narendra 

College of Agriculture, Jobner-303329. 

Kamlesh Yadav: Department of Soil Science and Agricultural Chemistry, Rajasthan College of Agriculture, Udaipur. 

 

Introduction 

Drylands are characterized by the scarcity of water where the precipitation is counterbalanced by evaporation from the soil 

surfaces and transpiration by plants. Dryland contribute surplus food production to fulfill the dietary needs of world 

population. However, water scarcity, extreme weather variability, nutrient losses due to soil erosion, leaching, nutrient mining, 

runoff, and lack of integrated nutrient management approaches trigger the full crop production potential of dryland soils. 

Fertilizer use in dryland soils is less than irrigated lands in the world. Crop residue input into the soil is also low due to strong 

crop-livestock interaction in dryland areas. Application of chemical fertilizers on the basis of soil analysis, together with use of 

organic manures, compost and crop residues is a useful option to harvest potential crop yields in dryland regions. Inclusion of 

legumes in crop rotation, and cultivating the legume crops during fallow periods in dryland regions may enhance the soil 

nutrient supply to upcoming crops. 

1. Nutrient Cycles in Dryland Areas: Nutrient cycling in drylands is affected by low and erratic rainfall, wide temperature 

extremes, alkalinity and/or salinity, and occasionally by relatively high rates of dry deposition of nutrient-enriched soil 

particles from wind erosion. In extremely dry areas where vascular plants are absent, nutrient cycling through microbial 

organisms predominates. For example, micro biotic crusts, composed of nitrogen-fixing cyanobacteria, are often found on 

desert surfaces. These organisms can survive long periods of desiccation with very rapid responses to rehydration. These 

organisms conserve and cycle water as well as nutrients, increasing water infiltration, slowing evapotranspiration, and 

reducing wind erosion. Some of the nitrogen they contribute to the soil can be lost, however, through denitrification from 

underlying anaerobic microsites, which limits nitrogen build-up. 

2. Conservation Agriculture and Tillage: Conservation agriculture aims to conserve and improve the natural resource base 

while using the resources available for agricultural production more efficiently. Conservation agriculture avoids or minimizes 

soil tillage, maintains a permanent soil cover of crops and/or residues, and utilizes efficient crop rotations. Stewart and 

Koohafkan (2004) suggest, however, that even small amounts of crop residues can reduce wind erosion considerably and 

increase soil water storage. Since significant quantities of soil and nutrients are lost by wind and water erosion under dry 

conditions where the soil remains bare for most part of the year. 

3. Legume Rotations and Crop Mixtures In recent years there has been an encouraging trend away from mainly cereal-based 

systems in drylands toward cereal–legume and cereal–legume–livestock systems that not only bring economic benefits but also 

improve soil fertility. Biological nitrogen fixation is the cheapest and most effective management tool for maintaining 

sustainable yields in low-input agriculture. An alternative to the widely practiced cereal–fallow or cereal monoculture systems 

is the introduction of nitrogen-fixing legume crops into a rotation with cereals. 

4. Nitrogen-Fixing Trees: Leguminous trees can survive with dry soils low levels of nitrogen due to their nitrogen fixing 

capacity. According to Dakora and Keya (1997), legume trees can fix 43–581 kg N ha-1 year-1, compared to about 15–210 kg N 

ha-1 year-1 from grain legumes. This is why they can be characterized as “fertilizer trees”. Nitrogen-fixing trees such as Acacia 

and Prosopis are some of the best sources of this fertilization in dry regions, which is inexpensive and already in situ. In 

addition, most of these species are sources of highly nutritious fodder, fuel, food, charcoal, gums, fiber, and timber. Acacias 

are also well adapted to low rainfall and extreme temperatures due to their extremely deep root systems. They include about 

1250 species of deciduous or evergreen trees and shrubs widely distributed in the tropics and warmer temperate areas. These 
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species are planted to provide windbreaks, afforest mining and salt-affected areas, stabilize sand dunes, and reduce erosion. 

In addition to their nitrogen-fixing capacity, such species in agroforestry systems are beneficial for maintaining soil fertility 

due to their efficient nutrient cycling of tree biomass and their uptake of nutrients from deep soil layers, report that Acacia 

holosericia trees are capable of fixing 36–108 kg N ha-1. Leguminous trees, which can be grown in hedgerows or intercropped 

with annual crops, improve soil water conditions as well as enhance soil nitrogen supplies. These trees obtain most of their 

water from deep soil layers whereas annual field crops take water from the upper layers.  

5. Horticultural and Agroforestry Systems: According to Olivares et al. (1988), the plants best able to take advantage of dryland 

soil and climate conditions are trees, by making better use of limited water and nutrient resources through their deep root 

systems. Furthermore, many trees, shrubs, and drought tolerant plants, such as cactus, play an important role in sand 

stabilization and land protection, in addition to their economic uses for food, fuel, wood, fodder, and other purposes. 

Conclusions 

As external inputs are scarce and costly in dryland areas, management systems that require few external inputs, relying on 

nutrient cycling and the more efficient use of water and nutrients, are more likely to gain acceptance. These should be more 

resilient and generate higher-value products than the mainly cereal-based, crop–livestock systems dominant in dryland areas. 

Promising management options for improving soil fertility in the drylands include conservation agriculture and tillage; crop 

rotations; low-cost soil and water conservation technologies developed with farmers; higher-value food, medicinal, cosmetic 

and herb crops; and new tree and livestock options. 
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Introduction 

The International year of soils was celebrated in 2015 the same year India’s unique programme of soil health card was launched 

on February 19 to assess the nutrient status of every farm holding in the country. Soil Health Card Scheme was launched by 

Prime Minister Shri Narendra Modi on 19.02.2015 at Suratgarh, Rajasthan. The scheme has been introduced to assist State 

Governments to issue soil health cards to all farmers in the country. Soil health card provides information to farmers on nutrient 

status of their soil along with recommendation on appropriate dosage of nutrients to be applied for improving soil health and 

its fertility. 

Present Status of Soil Health Card Scheme 

From 2015 to 2017, in Cycle 1,10.74 crore soil health cards were distributed to farmers. In Cycle-II (2017-19),11.69crore soil 

health cards have been distributed to farmers across the country. Establishment of Soil Testing Labs: So far 429 New Static Soil 

Testing Labs (STLs), 102 New Mobile STLs, 8752 Mini STLs have been provided. Village level soil testing facilities (VLSTLS) 

by Agri-entrepreneurs have also been promoted and so far, 1562 VLSTLs have been sanctioned and strengthening of 800 

existing STLs have been sanctioned to States/UTs under the scheme. Thus, the soil analyzing capacity has increased from 1.78 

to 3.33 crore soil samples per annum in short period of 5 years. 

Soil Health Card provides two sets of fertilizer recommendations for six crops including recommendations of organic manures. 

Farmers can also get recommendations for additional crops on demand. They can also print the card as their own from SHC 

portal. SHC portal has farmers database of both the cycles and is available in 21 languages for the benefit of the farmers. 

Organization of demonstrations, trainings and farmer melas: So far 5.50 lakh demonstrations on SHC recommendation, 8898 

farmer’s trainings and 7425 farmer’s melas have been sanctioned to States/UTs under the scheme. 

During 2019-20, a pilot project ‘Development of Model Villages’ has been undertaken up where soil samples collection has 

been done at individual farm holding with farmer’s participation instead of sample collection at grids. Under the pilot project, 

one village per block is adopted for land holding based soil sampling, testing and organization of larger number of 

demonstrations up to a maximum number of 50 demonstrations (1 ha each) for each adopted village. This will result in 

acceptance of Soil Health Card by farmers.  

So far 6954 villages have been identified by the States/UTs in which against the target of 26.83 lakh samples, 20.18 lakh samples 

have been collected, 14.65 lakh samples have been analyzed and 13.54 lakh cards have been distributed to farmers. Apart from 

these 246968 demonstrations and 6951 farmer melas have been approved for States/UTs. Awareness among farmers is being 

stepped up by coordinated efforts of Departments of Agriculture Cooperation and Farmers Welfare, Fertilizers backed by 

technology and network of Krishi Vigyan Kendra’s of Indian Council of Agriculture Research. Farmer can track their samples, 

print their Cardsetc at Common Service Centers also at the Farmers Corner and fulfil the mantra of Swastha Dhara to Khet 

Hara (if the soil is healthy, the fields will be green). 

Progress Report of Soil Health Card 

Cycle I 

Samples Collected 

2,53,49,546 

Samples Tested 

2,53,49,546 

SHCs Printed 

10,73,89,421 

SHCs Dispatched 

10,73,89,421 

Cycle II 
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Samples Collected 

2,77,61,361 

Samples Tested 

2,73,67,448 

SHCs Printed 

11,75,66,014 

SHCs Dispatched 

11,51,07,723 

Model Village Programme 

Samples Collected 

18,28,447 

Samples Tested 

15,69,706 

SHCs Printed 

14,66,809 

SHCs Dispatched 

14,65,048 

Conclusions 

The main aim of the Soil Health Card scheme is to issue soil health cards to farmers every 2 years so as to provide a basis to 

address nutritional deficiencies in fertilization practices. Soil testing is developed to promote soil test based on nutrient 

management. Soil testing reduces cultivation cost by application of right quantity of fertilizer. It ensures additional income to 

farmers by increase in yields and it also promotes sustainable farming. 
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Introduction 

Plant Parasitic Nematodes are microscopic parasites of crop plants. Mostly they attack the roots. Migratory ecto and endo 

parasites do not have permanent feeding sites. Sedentary endoparasites do have permanent feeding sites. Migratory and 

sedentary nematodes both have hollow stylet which penetrate the host cell. Through the hollow stylet effectors are secreted 

into the plant cell which hacks into host cell and modifies its function accordingly. Effectors are proteins along with another 

molecule. These effectors play very important role in parasitism. 

The effectors consist a range of enzyme that can digest the pectin, cellulose and other building blocks of plant cell wall. Animal 

do not have cellulose enzymes. Some PPNs are only among whole animal kingdom to possess cellulose without any bacterial 

symbiont which makes them a better invader. The gene for production of cellulose are believed to be acquired by some PPNs 

through Horizontal gene transfer through bacteria during the course of evolution. 

Sedentary endoparasites like Root Knot Nematodes and Csyt Nematodes are believed to be most advanced PPNs. They feed 

by forming specialised feeding cells. The normal cell of the plant is modified by the effectors released from sub ventral gland 

and dorsal oesophageal gland. Effectors play a key role in formation of giant cell by RKNs and Syncytium in Cyst Nematodes. 

Effectors in case of RKNs make the host cell to divide its nucleus (Karyokinesis) with cell division (Cytokinesis) and thus 

enlarging it and increasing its metabolic activity, eventually forming a giant cell. A giant cell works as sink for nematode food. 

Nematode gets sedentary and without moving enjoys the meal. Similarly, in case of cyst nematode, effectors result in formation 

of syncytium by dissolution of cell wall of adjacent plant. The cyst nematode sedentary after feeding site formation enjoys its 

food with the help of effectors. 

Auxin and cytokinin have also been found in the secretion of PPNs, these are the plant growth hormones. With the help of 

auxin and cytokinin nematodes control plant behaviour along with this nematode also alter the expression of Auxin response 

gene thus alternating the plant growth hormones, which may help hyperplasia and hypertrophy. Effectors also contain protein 

(enzymes) such as cellulose, pectinase, expansins protein which helps in penetrating through cell wall.  

Conclusions 

Finding out the effectors in different plant pathogen nematode along with gene responsible with them can possibly allow us 

practice PPN management through the gene knockdown by RNAi or gene Knockout by CRISPR/Cas9 technology. 
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Introduction 

In recent years, a drastic rise in the number of emerging diseases of plants associated with a range of natural and anthropogenic 

factors has led to increased calls for more effective surveillance in plant health management. Almost all research efforts have 

been directed towards qualitative surveys of existing diseases but continues surveillance required to mitigate the problems. 

The primary step for developing of simulation and forecasting modules is the collection of series of disease occurrence data 

and epidemiological data which was successfully done through surveillance. Surveillance involves the collection, analysis and 

interpretation of information relating to plant disease epidemics and is crucial for detection and successful control of emerging 

plant pathogens. The simulation/forecasting modules are base for the accurate prediction of the disease epidemics and their 

prophalytic management. 

The surveillance is classified based on the several themes among them the important classification is based on the type of 

collection of disease occurrence data (Traditional disease and Innovative disease surveillance) and based on the target diseases 

(General and Specific surveillance). Surveillance is carried out to fulfil the objectives of detection of pest status (existing or new 

pests) and influence of weather parameters on plant diseases (Anon., 2016). 

Emerging plant pathogens are a significant problem for conservation and food security. 

Pathogens Can Be Classified into Four Categories: 

1.  New - pathogens detected within the last five years. 

2.  Emerging - pathogen incidence has increased within the last 20 years. 

3. Re-emerging - pathogens associated with chemical resistance or changes in management or cultivars, previously controlled 

infections.  

4. Threatening - pathogens not reported or limited in distribution (Damsteegt, 1999). 

Emerging Viral Diseases 

Disease Category Major hosts Vector(s) Geographic 

distribution 

Potential loss 

Lettuce infectious 

yellows crinivirus 

Emerging Lettuce Bemisia 

tabaci 

SW USA Serious economic 

losses in epidemics 

Tomato infectious yellows 

crinivirus 

New/emerging Tomato T. 

vaporarioru

m 

USA, Europe, 

Mid-East 

- 

Lettuce chlorosis 

crinivirus 

New/emerging Lettuce Bemisia 

argentifolii 

SW USA - 

Sweet potato 

chlorotic stunt crinivirus 

Emerging Sweet potato Bemisia taba

ci 

Worldwide - 

Closterovirus Emerging Citrus several aphid 

species 

Worldwide High 

when Toxoptera 

citricida are present 

Tomato yellow leaf curl 

geminivirus 

Emerging Tomato Bemisia spp. Widespread, FL Severe 
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Tomato spotted wilt 

tospovirus 

Re-emerging Vegetables Thrips Worldwide Severe 

Emerging Diseases in India 

Outbreak of disease Crop Place Date of report of outbreak 

Blast disease Rice TN 28 Jan 2015 

Stripe rust Wheat JK 23 Mar 2015 

Brown rot Potato MH 14 May 2015 

Downy mildew Grapevine MH 16 Jul 2015 

Oily spot Pomegranate MH 30 Jul 2015 

Sheath blight Rice PB 31 Aug 2015 

Coconut wilt Coconut KL 01 Sep 2015 

Neck blast Rice HR 14 Oct 2015 

Yellow mosaic Mungbean TN 10 Dec 2015 

Bacterial leaf blight Rice TN 16 Dec 2015 

Murda disease Chilli MH, MP 23 Dec 2015 

Stripe rust Wheat PB alert 06 Jan 2016 

Blast disease Rice TN 08 Jan 2016 

Karnal bunt Wheat PB 23 Feb 2016 

Powdery mildew Chilli TN 22 Dec 2016 

Bacterial leaf blight Rice TN 28 Dec 2016 

Blast disease Wheat WB 06 Mar 2017 

Blast disease Rice JK 25 Jul 2017 

False smut & blast Rice Telangana 02 Nov 2017 

For emerging disease, surveillance is generally conducted for three broad objectives: detection, estimation and targeting. We 

need to know whether a pathogen or strain is present (detection), gather information to understand the nature and extent of 

the problem (estimation) and finally, identify as many infected sites as possible to implement control (targeting). 

Surveillance: an official process that collects and records data on pest or pathogen occurrence or absence by survey, monitoring 

or other procedures. 

Survey Surveillanc 

Survey’ is simply making a single observation to measure 

and record something. 

‘Surveillance’ is repeating standardized surveys in order 

that change can be detected. 

Role of Surveillance in Plant Disease Management: 

1. Promote early detection of diseases outbreak to implement the management;  

2. Support trade by demonstrating areas of disease freedom or low disease prevalence;  

3. Describe the distribution and prevalence of risk organisms already present;  

4. Enable management and cost benefit decisions; 

5. Provides the information that can help define the epidemiology. 

New Tools in Epidemiology 

The study of plant disease epidemiology has been facilitated greatly by new methods and new equipment that make possible 

studies of aspects of plant disease that were impossible or very difficult to study earlier. Some of the methods and other 

equipment that have been used to great advantage in plant disease epidemiology include the following: 
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1. Molecular tools: Polymerase Chain Reaction (PCR), Enzyme Linked Immunosorbant Assay (ELISA), DNA Fingerprinting, 

etc. These are used for rapid & accurate detection & identification of pathogens 

2. Data management: Geographic Information System (GIS), Global Positioning System (GPS), Remote Sensing, etc. and these 

are used to assist in disease control strategies. 

3. Disease modeling & forecasting: These are used for predict the probability of outbreaks. 

List of Computer Simulation Models 

Computer Simulation Models Diseases Scientist 

Epidem Early blight of potato and tomato Wagonner and Horsfall (1969) 

Mycos Mycospaherella blight of chrysanthemum Mc Coy (1976) 

Epimay Southern corn leaf blight Waggoner et al. (1969) 

Epiven Apple scab Kranz et al. (1973) 

Epidemic Rust of wheat Shrum (1975) 

Plasmo Grape Downy mildew Marta et al. (2005) 

Epirice Rice sheath blight, blast, brown spot and 

Tungro 

Savary et al. (2002) 

Blitecast Late blight of potato Fry et al. (1983) 

Blight Bacterial leaf blight of rice Elings et al. (1997) 

Computer Simulation Models Nematode Crop 

Melsim M. incognita Grape vine 

Fortran H. schachtii Sugarbeet 

Simba-Nem R. similis and P. coffeae Banana 

Ricker Model Globodera spp. Potato 

Canegro M. incognita Sugarcane 

Cropgro H. glycine Soybean 

Seinhorst’s Model A. besseyi Rice 

PCN Model Globodera pallid Potato 

Now a days, computer programs are used to support other techniques for predicting plant disease and to measure the impact 

of pathology over certain plant species based on particular variables like leaf wetness, duration of leaf wetness, primary 

inoculums, temperature, rainfall and moisture. One example of this is PLASMO which is used to measure the impact on the 

quality of Plasmora viticola due to leaf wetness duration (Marta et al., 2005; Orlandini et al., 2008). 

Management 

1. X0 depends upon: 

a. inoculum from previous crops within a field 

b. inoculum from crops in adjacent fields 

2. X0 is managed by: 

a. destroying infested plant debris 

b. removing diseased plants 

c. chemical seed treatments 

Management of epidemic by reducing initial inoculum (X0) 
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d. protective fungicides 

e. race‐specific disease resistance 

f. biological control agents targeted at initial inoculums 

r depends upon: r is managed by: 

reproductive potential of the pathogen non‐specific disease resistance 

virulence of the pathogen systemic fungicides 

susceptibility of the host cultural practices that alter environment 

conduciveness of environment removal of diseased plants 

Conclusion 

Development of predictive models for emerging diseases requires, understanding the interaction of the pathogens with biotic 

and abiotic environment which is retrieved through surveillance. Simulation or forecasting models are valuable tool for 

designing sustainable management strategies to mitigate the diseases prior to occurrence or at initial stages. Continuous 

monitoring of disease is essential element in crop protection and is crucial, to taking appropriate action in field and quarantine 

inspections. There is a need to develop accurate prediction models for various diseases and geographical locations by using 

the surveillance data for successful prediction of plant diseases and to make management strategies are effective and 

economical. 
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Introduction 

Pomegranate (Punica granatum L.) an important fruit crop of arid and semiarid region of the world is commonly known as 

Anar in Hindi, belongs to family Punicaceae. It is native to Iran and also cultivated in Mediterranean regions especially in 

Morocco, Spain, Egypt and Afghanistan. India is one of the largest producers of pomegranate in the world. Among the different 

states growing pomegranate, Maharashtra is the largest producer followed by Karnataka, Andhra Pradesh, Gujarat and 

Rajasthan. Pomegranate is regarded as the Fruit of Paradise. In India, it is regarded as a vital cash crop”and cultivated an area 

of 0.22 million ha with a total production of 2.8 million tons. Due to intensive cultivation of pomegranate, it suffers from number 

of diseases such as bacterial blight (Xanthomonas axonopodis pv punicae), wilt (Ceratocystis fimbriata), Anthracnose (Colletotrichum 

gloeosporioides), fungal spots and rots which include Cercospora fruit spot and fruit scab (Sphaceloma Spp.) Among various 

fungal and bacterial diseases of pomegranate, Bacterial blight caused by Xanthomonas axonopodis pv. punicae is the most 

devastating disease and getting more importance in recent years in India. 

Complete range of symptoms of bacterial blight caused by Xanthomonas axonopodis pv. punicae on various pomegranate plant 

parts including fruit are described and illustrated. The pathogen caused blight symptoms on all plant parts except roots and 

flower. The initial water-soaked lesions appear only after 6 to 7 days of infection under favourable field conditions and develop 

into late necrotic blighting. Fruits exhibit isolated water-soaked lesions followed by necrosis with small cracks, leading to 

splitting of the entire fruit. Severe disease outbreaks can cause 60 to 80% yield losses. Bacterial blight is gaining international 

attention through its recent spread to other major growing areas of the world. It drastically reduces the yield and quality of 

fruits, which are critical for pomegranate production. Precise and early diagnosis of bacterial blight is crucial for active and 

effective management of the disease (Benagi et al., 2012). 

Integrated Diseases Management of Pomegranate Bacterial blight 

1. Use disease free seedlings 

2. Orchard Sanitation: affected leaves, stem, fruits should be removing and burnt.  

3. Provide proper spacing 4.5 X 3.0m 

4. Planting of Wind breaks around the orchard 

5. Enrich soil with organics and bio agent apply Trichoderma harzianum, Pseudomonas fluroscens, Bacillus subtilis 

6. First year bearing flower should be removed 

7. One crop per year Hasta bahar (September – October) or Ambe (January- February) is good  

8. Before pruning – Spray 1% Bordeaux mixture to reduce leaf infection. Then use 2.5 ml ethrel/l for defoliation.  

9. Collect the defoliated leaves and burn it. 

10. Apply Bleaching powder (20-25 kg/ha) at base of plant in early morning (100 g/plant)  

11. Pruning Knife, secateurs should be disinfected after every cutting by dipping in sodium hypochlorite for @ 25 ml/ liter 

solution. 

12. After pruning paste the stem with streptocycline 0.5g/l or Bromopal (Bacterinashak) + Copper oxychloride 2.0 g/l + red 

oxide or red soil 200g 

13. Spray streptocycline / Bromopal @ 0.5 g + Copper oxychloride 2.0 g/l 5-6 sprays at interval of 10 days. 

14. Application of bio agents (Pseudomonas fluorescens, Bacillus subtilis 10g/l) 

15. Application of micronutrients (Zn, B, Fe, Ca, Mg) immediately after antibiotic spray. 

16. If the disease pressure is high then Hasta bahar is effective to reduce the disease. 
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17. September-October pruning is good. 

18. If June –July pruning - give rest to plants from December to May. 

19. Avoid unnecessary spraying of insecticides, fungicides, growth regulator and micro nutrients (Yenjerappa et al., 2011 and 

Ravi Kumar et al., 2011). 

Disease Symptoms Etiology Epidemiology Management 

  
  

  
  

   
  

   
  

  
 B

a
ct

e
ri

a
l 

B
li

g
h

t 

 
Irregular and 

water-soaked 

spots on leaves,  

 Nodal blight of 

stem,  

 
oily spots on 

fruits 

 

 
Cracking of fruits 

Xanthomonas axonopodis pv. 

Punicae 

 

Kingd

om 

Bacteria 

Phylu

m: 

Proteobacteria 

Class: Gamma 

Proteobacteria 

Order: Xanthomonadales 

Family

: 

Xanthomonadacea

e 

Genus: Xanthomonas  

Specie

s: 

axonopodis 

Patho

var: 

Punicae 

 

Gram negative, rod shape, 

aerobic, single polar flagellum, 

Yellow coloured, mucoid 

colonies  

 

Entry through wounds and 

natural openings 

 

Temp 25-30°C, RH 36-

88%, free water on 

surface to initiate disease 

Incidence increases after 

every shower 

PSI: Infected planting 

material, infected plant 

debris (>8 months), soil  

Secondary spread:  

plant to plant contact – 

High density planting  

Windblown rain 

splashes, rainfall, run off 

water 

Contaminated tools – 

secateurs 

Person handling plants 

insects 

 

Use disease free seedlings 

Orchard Sanitation: 

affected leaves, stem, fruits 

should be removed and 

burnt.  

Provide proper spacing 4.5 

X 3.0m 

Disinfection of Pruning 

knife, secateurs in sodium 

hypochlorite solution. 

After pruning paste the 

stem with streptocycline 

0.5g/l or Bromopal 

(Bacterinashak) + Copper 

oxychloride 2.0 g/l + red 

oxide or red soil 200g 

spray streptocycline 0.5 g + 

Copper oxychloride 2.0 g/l 

5-6 sprays at 10 days 

interval 

Application of bio agents 

(Trichoderma harzianum, 

Pseudomonas fluroscens, 

Bacillus subtilis 10g/l)   
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Introduction 

Forests are the sources of fire, fuel wood and other forest products, add aesthetic value and recreational needs of human being. 

India is one among the 18 mega diversity centers consist of two hotspots Western Ghats and Himalayas. Karnataka accounts 

for about 6.18 per cent of total India’s forest area. Teak, Neem, Sandalwood, Eucalyptus, Bodhi, Acacia, Bamboo, Sissoo and 

Tamarind are some of common forest plants in nurseries. Both biotic and abiotic agencies are known to affect the seedling 

growth in the nurseries. Among the biotic factors’ fungi, bacteria, viruses and nematodes pose a major threat in maintaining 

quality of the seedlings. Among them fungi are the most destructive in causing soil borne and foliar diseases (Pathak et al., 

2015) 

Among soil borne diseases damping off is the most devastating disease which affects wide range of hosts and causes mortality 

in seedlings, showing pre-emergence and post-emergence symptoms. In addition, seedlings are also affected by some of the 

foliar diseases like leaf spots, powdery mildew, rust, anthracnose, seedling leaf stripping and stunting and nematode 

infestation (Pathak et al., 2015). 

Important forest nursery plants: 

1. Evergreen species: 

a. Neem tree (Azadirachta indica): Neem is called as India’s miraculous plant, ideal for reforestation programmes and 

for rehabilitating degraded semi-arid and arid lands. 

b. Eucalyptus/Blue gum (Eucalyptus globules): Main source of Eucalyptus oil, Leaves contain Flavinoids (Plant based 

antioxidant) and Tannins (reduce inflammation). 

c. Sandalwood (Santalum album): It is a semi root parasitic tree. Economically more important crop because of scented 

heartwood and its fragrance. 

2. Semi evergreen species: 

a. Sissoo (Dalbergia sissoo): Perennial tree, source of fuel, fodder, has medicinal value, used as ornamental tree control 

erosion and soil fertility. 

b. Teak (Tectona grandis): Most valuable timber, the wood is durable, high quality furniture and interior finishing 

presence of “Tectol” in sap gives high resistance to sapwood rot and termites. 

c. Terminalia tomentosa/T.paniculata: Tree is known for timber, medicinally important, useful in rising of silkworms. 

3. Dry deciduous: 

Bauhinia racemosa: Source of fuel timber is not durable readily attacked by borers, used mainly for packing cases, 

agricultural implements. Flowers cooked as vegetables /pickles and bark used as cheap tan. 

Important Forest Nursery Diseases 

Old et al., 2003; Shivanna., 2005; Bhanumathi, A. and Rai, R. V., 2007; Pathak et al., 2015 and Verma et al., 2016. 

Forest tree. Disease 

Teak Damping off (Pythium sp.  Phytophthora sp. Rhizoctonia solani, Fusarium sp.) Rust (Olivia tectonae), 

Powdery mildew (Phyllanctinia guttata, P.corylia) leafs pots 
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Neem Damping off, Powdery mildew (Oidium azadirachtae) Leaf spots (Alternaria alternata, Psuedocercospora 

subsessilis) Anthracnose (Colletotrichum gloeosporoides) Stem rot (Sclerotium rolfsii) Twig canker and shot 

hole (Phoma sp.) bacterial leaf spot (Xanthomonas azdirachtii, Psuedomonas viticola) 

Eucalyptus Damping off, web blight (Rhizoctonia solanii), Powdery mildew (Acrosporium sp.), Rust (Puccinia psidii) 

Sandal wood Anthracnose (Colletotrichum gloeosproides) Leaf rot and blight (Rhizoctonia solani) Basal wilt (Sclerotium 

rolfsii) Nematodes (Meloidogyne sp.  and Radophilus sp.) 

Bamboo Damping off, Seedling leaf stripping and stunting (BaMV) Seedling leaf blight (Rhizoctonia solani) 

Sissoo Leaf spots (Cercospora dalbergiae, Alternaria alternata, Phyllochora dalbergiae, Mycosphaerellae sissoo) 

Anthracnose (Colletotrichum gloeosporoides) Leaf blight (Rhizoctonia solanii), Powdery mildew 

(Phyllanctinia dalbargiae) Rust (Maravalia achroa) 

Ficus Antracnose (Colletotrichum sp.) 

1. Damping off:  Pythium spp. 

a. Pre emergence damping off 

b. Post emergence damping off 

Hosts: Eucalyptus, Acacia, Bamboo, Neem, Sandal wood, Teak etc. 

2. Powdery mildew: 

Host range: Neem, teak, tamarind, acacia, sissoo, eucalyptus. 

Neem PM:  Oidium azadirachtae; Tamarind PM:  Oidium sp.; Eucalyptus PM:  Oidium sp.; Teak: Phyllanctinia guttata and 

Sissoo: Phyllanctinia dalbergiae. 

Management: Sulphur dust was most effective in controlling powdery mildew in two-year-old seedlings followed by 

Triademefon, Chlorothalonil and Calixin. 

3. Anthracnose: Colletotrichum gloeosporoides 

Management: Spraying of propiconazole or mancozeb at 0.1 % or chlorothalonil at 0.1% found to be more effective. 

4. Rust:  

Host range: Eucalyptus, sissoo, teak 

In Eucalyptus egg yellow uredinia developed on leaves. Stunting of foliage and lesions on the stem also seen. Whereas in sissoo 

dieback and death of seedlings also seen. 

Minor Disease 

Seedling leaf stripping and stunting of bamboo: bamboo mosaic virus  

Disease is severe in 1year old seedlings 

Transmission: Mechanically through seeds or vegetative propogules (Mohanan, 1994). 

Common seedling diseases of Uttar Kannada with PDI: Sudarshan, G. K., 2002. 

Diseases Host Plains PDI (%) Hilly PDI (%) Coastal PDI (%) 

Leaf and tip blight Lagerstroemia lanceolate 62.26 58.65 * 

Leaf spot Anacardium occidentale 28.20 * * 

Leaf spot Artocarpus hetero phyllus 26.30 19.85 28.10 

Leaf spot Ficus benghalensis * * 42.55 
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Leaf spot Garcinia indica * 36.51 * 

Leaf spot Mangifera indica * 24.14 32.50 

Leaf spot Pongamia pinnata 66.24 * 44.41 

Leaf spot Sapindus emarginatus 62.94 49.04 * 

Leaf spot Syzigium  cuminii * 26.10 30.97 

Powdery mildew Acacia auriculiformis 43.24 43.11 * 

Tar spot Dalbergia latifolia 57.63 46.53 * 

Nematode infestation: (Khan, R. M., 2012) 

Root knot nematode (Meloidogyne sp.) and burrowing nematode (Radophilis similis) are the two important nematodes 

*Solarized soil fortified with Trichodarma harzianum/Pochonia chlamydosporia @1-2g/kg of soil or Rhizobacteria @ 1g &@ 

monthly interval. 

*Phorate/Carbofuron 

Integrated Management of Diseases: 

1. Reducing inoculum of potential pathogens in seedling production areas. 

2. To promote conditions which are non-conducive for pathogen infection and spread. 

3. Chemical treatment 

There are many different approaches 

1. Cultural methods - Sanitation measures: Use of pathogen free seeds. Controlling timing and amount of irrigation is very 

important to control disease caused by Pythium and Phytophthora. Restriction of fertilizer application during certain part of 

growth cycle. Ex: Nitrogen should not be applied to young, succulent seedlings when they are particularly susceptible to 

damping-off.  

2. Biological methods: Solarized soil fortified with Trichoderma harzianum/Pochonia chlamydosporia @ 1-2g/kg of soil or 

Rhizobacteria @1g at monthly interval. Symbiotic microorganisms like mycorrhizae and nitrogen-fixing bacteria can improve 

nutrient and water uptake toward enhancing seedling health  

3. Chemical control: (James, 2010)  

Soil fumigation: Methyl Bromide (67%), chloropicrin (33%) formulation most effective in reducing soil borne fungi 

and Methyl bromide (98%) chloropicrin (2%) effective where broader spectrum of fumigant required to control certain 

pests 

Soil Pesticide Application 

1. Captan: Broad spectrum fungicide to control soil borne fungicides (Fusarium, Rhizoctonia) 

2. Metalaxyl: Against Oomycetes (Pythium, Phytophthora): Applied as soil drench/low volume foliar sprays 

3. Seed Treatments: Most commonly used chemical is Thiram, effective against many seed borne and soil borne pathogens. 

Triadimefon also used.  

Foliage Application 

Mancozeb /Bevistin for Leaf spots, Sulfax @ 0.05% -Rust 

Chemicals Diseases 

0.1% Carbendazim Leaf blight of Pterocarpus marsupium, Tectona grandis, Sweitonia mahogani, and leaf spot of Syzygium 

cuminii, Terminalia alata 

0.1% Propiconazole Tar spot of D.latifolia, leaf blight of Pongamia pinnata 

0.1% Difenconazole Leaf blight of A.auriculiformis, leaf and tip blight of Lagerstromia lanciolata 
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0.1% Mancozeb Leaf blight of Pteroarpus santalinus 
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Introduction 

Transgenic plants are the plant, whose DNA is modified using genetic engineering techniques. The point is to acquaint another 

characteristic with the plant which doesn't happen normally in the species. A transgenic plant contains a gene or genes that 

have been artificially embedded. The embedded gene sequence is known as the transgene, it might originate from an unrelated 

plant or from a completely different species. One approach to raise the quantity and quality of food is to minimize damages 

caused by insects, diseases and weeds to crops. Pathogens cause losses in 10-16% of the global harvest. Plant genetic 

engineering has been made conceivable gratitude to the broad research led during the most recent three decades. This branch 

of science has empowered researchers to transform plants for increasing their resistance or tolerance against different biotic 

stresses. Currently, transgenic plants with herbicide, insect pests and virus resistance are cultivated in more than 175.2 million 

hectares in the world while in 1996, only 1.7 million hectares of land were under transgenic crops. 

History of Transgenic Plant 

The first transgenic crop was developed in 1982, an antibiotic-resistant tobacco plant. Transgenic plant resistance against 

microbial pathogens was first demonstrated in 1986. Expression of viral coat protein gene sequences conferred virus resistance 

via small RNAs. And scientists developed squash hybrids with field-validated, multiviral resistance. The People's Republic of 

China was the first country to permit popularized transgenic plants, introducing a virus-resistant tobacco in 1992.  The first 

genetically modified crop approved for sale in the U.S., in 1994, was the Flavr Savr tomato. In 1998 the first transgenic virus-

resistant papaya (papaya ring spot virus (PRSV)) was approved for sale. Potato lines expressing viral replicas sequences that 

confer resistance to potato leaf roll virus were sold under the trade names New Leaf Y and New Leaf Plus, and were widely 

accepted in commercial production in 1999-2001. 

Method Used for Development of Transgenic Plant 

1. Gene gun method: Method also known as the “Micro-Projectile Bombardment” or “Biolistic” and it is used most commonly 

in corn and rice. In this method, DNA is bound to the tiny particles of Gold or Tungsten, which is later shot into plant tissue or 

single plant cells, under high pressure using gun. The accelerated particles are penetrating both into the cell wall and 

membranes. The DNA separates from the coated metal and it incorporates into the plant genome inside the nucleus. This 

method has been successfully applied for monocots.  

2. Agrobacterium mediate method: It includes the utilization of soil-dwelling bacteria, known as Agrobacterium tumefaciens 

that has the ability to infect plant cells with a piece of its DNA. The piece of DNA, that infects a plant, is integrated into a plant 

chromosome, through a tumor inducing plasmid (Ti plasmid). The Ti plasmid can control the plant's cell apparatus and use it 

to make numerous copies of its own bacterial DNA. The significance of this plasmid is that, it contains regions of transfer DNA 

(t DNA), where a researcher can embed a gene, which can be transferred to a plant cell through a procedure known as the 

“floral dip”. 
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3. PEG mediated gene transfer: In this method protoplasts are isolated and a proper concentration of protoplast suspension is 

taken in a tube followed by addition of plasmid DNA (donor or carrier). To this 40% PEG 4000(w/v) diffused in mannitol and 

calcium nitrate solution is gradually added because of high consistency, and this blend is incubated for few moments (5 min). 

4. Calcium-Phosphate co-precipitation: When DNA blended with calcium chloride solution, isotonic phosphate buffer DNA-

CaPO4 precipitate. The precipitate is permitted to react with gravely dividing cells for several hours, washed and afterward 

incubated in the fresh medium. Giving them a physiological shock with DMSO can build the efficiency of transformation to a 

certain extent. Relative success relies upon high DNA concentration and its apparent protection in the precipitate. 

5. Electroporation: It is physical technique for introducing new genes directly into the protoplasts. Because of the electric field, 

protoplast get temporarily porous to DNA. In electroporation, plant cell protoplasts are kept in an ionic solution containing 

the vector DNA in a small chamber that has electrodes at far edges. A pulse of high voltage is applied to the electrode which 

makes the transient pores (ca. 30 nm) in the plasma membrane, permitting the DNA to diffuse into the cell. 

6. Microinjection: Microinjection includes direct mechanical introduction of DNA into the nucleus or cytoplasm utilizing a 

glass microcapillary injectionpipette. The protoplasts are immobilized in low melting agar, while working under a microscope, 

utilizing a holding pipette and suction force. Then DNA is directly infused into the cytoplasm or the nucleus. The infused cells 

are then cultured in vitro and regenerated into plants. Effective instances of this process have been shown in rapeseed, tobacco 

and various different plants. 

Transgenic Plant Against Disease Management 

1. Resistance to fungal diseases: Chitin constitutes one of the significant components of the cell walls of numerous fungal 

pathogens, for example Rhizoctonia solani and it tends to be hydrolyzed by chitinase. The synthesis of chitinases and glucanases 

is known to happen in response to pathogen infection. At the point when both enzymes are simultaneously present, the fungal 

growth is more effectively hindered. Several laboratories have been able to transfer plant or microbial-derived chitinase genes 

into plants and create transgenic crops with improved resistance to fungal diseases. These plants include: grapevine, peanut 

and cotton. The joined expression of chitinase and glucanase in transgenic carrot, tobacco and tomato showed much more 

successful prevention of fungal disease development.  

2. Resistance to bacterial disease: The R-gene Rxo1, isolated from maize was effectively brought into rice and conferred 

resistance against bacterial streak disease caused by Xanthomonas oryzae pv. oryzicola. When Harpins (hrp) genes are secreted to 

the plant cells from bacterial pathogens, localized cell death occurs through series of reactions like reactive oxygen species 

(ROS) accumulation. Exploiting this strategy, transgenic plants resistant to bacterial pathogens have been produced. Positional 

cloning of the rice gene Xa21, which confers resistance against the Xanthomonas oryzae pv. oryzae race 6. 

3. Resistance to viral diseases: Resistance to viral diseases was one of the principal applications of plant genetic engineering 

to improve important crops. The most usually used coding gene sequences to confer viral resistance (coat protein (CP), replicase 

(Rep) and movement proteins (MP)) are appeared for each situation. Virus-resistant plants have a viral protein coat gene that 

is over produced, preventing the virus from reproducing in the host cell, because the plant shuts off the virus’ protein coat  

gene in response to the overproduction. Coat protein genes are involved in resistance to diseases such as cucumber mosaic 

virus, tobacco rattle virus, potato virus X, PYV, PRSV and PLRV. 

References 

1. Tohidfar, M. and Khosravi, S. (2015). Transgenic crops with an improved resistance to biotic stresses. A review. Biotechnol. 

Agron. Soc. Environ. 19(1): 62-70. 

2. Wally, O. and Punja, Z. K. (2010). Genetic engineering for increasing fungal and bacterial disease resistance in crop 

plants.GM Crops 1(4): 199-206. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            519 | P a g e  
 

Role of EXPERT SYSTEM in Smart Agriculture 

Article id: 23779 

Moumita Baishya: Assistant Professor, Department of Agricultural Statistics, School of Agriculture, GIET University, 

Gunupur, Odisha-765022 

Ravi Ranjan Kumar: Research Scholar, Department of Agricultural Statistics, Visva Bharati, Santiniketan,  

West Bengal-731235 

 

Introduction 

Artificial intelligence (AI) characterise as a system’s ability to correctly interpret external data, to learn from such data, and to 

use those learnings to achieve specific goals and tasks through flexible adaptation. With its rapid technological advancement 

and vast area of application, AI is becoming pervasive very rapidly because of its robust applicability in the problems 

particularly that cannot be solved well by humans as well as traditional computing structures. Such an area of extreme 

importance is agriculture where about 30.7% of the world population is directly engaged on 2781 million hectares of 

agricultural land. In India, about 70% population lives in village area who are directly or indirectly engage in Agriculture. 

However, sufficient extension worker is not there in our country to support farmer community on the right time. Venture like 

Agriculture is not so smooth running; it faces several challenges from sowing to harvest. The major issues are pest and disease 

infestation, inadequate application of chemicals, improper drainage and irrigation, weed control, yield prediction, etc. Different 

AI techniques specifically EXPERT SYSTEM (ES) can enabled us to capture the intricate details of each situation and provide a 

solution that is best fit for issues like diagnosing and controlling noxious and commonly found insect-pests and diseases, crop 

economics and designing schedule for irrigation and fertilization application etc. 

Crop Management Expert Systems 

Crop management defined as the set of agricultural operations that produce the crop. Soil and water science experts, plant 

pathologists, entomologists, agricultural scientists, and breeders all contribute to these operations. Soil and water conservation 

are also important factors in crop management. It is important that reliable methods of crop management be transferred to 

growers in an efficient way. The limitations of the conventional extension system are due mainly to the fact that these 

documents and agents are unable to cover all the different aspects of cultivation which can be overcome using ES in crop 

management specific to crop. There are also crop management advisory systems that focus on specific management issues 

common to most cropping systems and can therefore be used on a wide range of crops within specific geographic regions.  

1. GRAPE: This expert system was developed at Pennsylvania State University in association with Texas A&M University to 

address the advisory needs of grape growers. This system provides grape growers with recommendations regarding pest 

management (insect, disease and weed control), fertilization, pruning and site selection.  

2. ESIM (Expert System for Irrigation Management): This was developed for making decisions on water management in an 

irrigation project, which was applied to an irrigation management problem of the Mae-Taeng Irrigation Project located in 

Northern Thailand.  

3. CROPLOT:  CROPLOT is a rule-based expert system for determining the suitability of crops to given plots. Its use is in the 

process of plot allocation when planning the production of field crops on the individual farm, usually under severe 

uncertainties. CROPLOT takes into account specific factors of the plot, which are usually of a quantitative nature, and by a 

heuristic inference procedure suggests both verbal and numeric suitability coefficients for each crop. A comparison between 

recommendations of human experts and CROPLOT shows 90% agreement. management. 

4. COMAX: This acts as an expert in cotton crop. It is designed for use by farmers, farm managers, and county and oil 

conservation agents. This can determine the best strategy for irrigating, applying fertilizer, and applying defoliants and cotton 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            520 | P a g e  
 

boll openers. The system uses a combination of expert-derived rules and result generated by the cotton – crop simulation model 

GOSSYM. COMAX was tested on a large farm and demonstrated excellent results in reducing the unit costs of production. 

5. CUPTEX: CUPTEX/Agro-management was designed to generate an irrigation and fertilization operations schedule for 

cucumbers under plastic tunnels. The expert system's scope includes water quantity, irrigation intervals, nutrient quantity and 

application intervals. It was developed in KADS. KADS is a methodology for building knowledge-based systems. KADS was 

used for representation of the interface and task knowledge.  

6. CITEX: It is an Expert System for orange production which was developed by the Central Laboratory of Agricultural Expert 

Systems, Egypt. It provides services on assessment of farm, irrigation and fertilization scheduling, disorder diagnosis and 

disorder treatment.  

7. NEPER WHEAT: This Expert System for irrigated wheat management developed at the Central Laboratory of Agricultural 

Expert System is Egypt. It performs various functions viz., Advice the farmers on field preparation, control pests and weeds, 

manage harvests, prevent malnutrition, design schedule for irrigation and fertilization, select the appropriate variety for a 

specific field, diagnose disorder, suggest treatments etc.  

8. LIMEX: This integrated multimedia Expert System has been developed to assist lime growers and extension agents in the 

cultivation of time for improving their yield. LIMEX expert system performs various functions like assessment, irrigation, 

fertilization and pest control. This system was augmented with more flexibility in the interactive use of the system and 

multimedia capabilities as enhancing an expert system by the integration an expert image, sound, video and data, allows for a 

good feedback from users, assists in better understanding of the system.  

Crop Disease / Insect-pest Diagnostic Expert Systems 

These systems provide farmers, researchers and extension workers with integrated disease and pest management strategies, 

which include all relevant factors in order to adequately and cost effectively control diseases and insect-pests. This requires 

that many factors such as population dynamics, weather, cost, fungicide and pesticide susceptibility, and the environment be 

considered in order to reach optimal decisions. ` 

1. POMME: It is an Expert system for Apple Pest Orchard Management developed in Virginia to help in managing diseases 

and insect-pests on apples. POMME advises growers about when and what to spray on their apples to avoid infestations. This 

system provides growers with knowledge about fungicides, insecticides, freeze, frost and drought damage, non-chemical care 

options as well as information from a disease model. External information such as weather data including forecasts and crop 

symptoms are utilized by the system to generate management decision recommendations.  

2. VEGES: This is a multilingual expert system for the diagnosis of pests, disease and nutritional disorder of six green house 

vegetable viz., pepper, lettuce, cucumber, bean, tomato, and aborigine. It provides the user with a diagnosis on the basis of a 

brief description of the external appearance of the affected plant. It then suggests method to remedy the problem (e.g., fertilizer, 

adjustment, fungicides or pesticide applications).  

3. CPEST: CPEST is an expert system for managing pests and diseases of coffee in a developing country. Graphical user 

interface incorporated in CPEST that not only help the farmer in inputting information but also give them visual clues, such as 

pictures of a pest at different stages of development.  

4. AMRAPALIKA: It is an Expert System for the diagnosis of pests, diseases, and disorders in Indian Mango. The system makes 

diagnosis on the basis of response/responses of the user made against queries related to particular disease symptoms. The 

knowledge base of the system contains knowledge about symptoms and remedies of 14 diseases of Indian mango tree 

appearing during fruiting season and non-fruiting season.  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            521 | P a g e  
 

5. POMI: is an Expert System for integrated pest management of apple orchards. This system was developed cooperatively at 

the Istituto per la Ricerca Scientifica e Technologica and the Istituto Agrario S. Michele in Italy. The system provides the apple 

producer with help on first classifying observations and then providing recommendations on appropriate actions.  

6. CALEX: is an Expert System for the diagnosis of peach and nectarine disorders. System diagnoses 120 disorders of peaches 

in California, including insects, diseases, and cultural problems. The user begins a session by identifying a area on the plant 

where the problem occurs.  

7. DDIS: is a distance diagnostic and identification system developed at the University of Florida. The system allows users to 

submit digital samples obtained in the field for rapid diagnosis and identification of plants, diseases, insects, and animals. The 

system creates a digital image library with associated site, crop, and pest or disorder data that could be used in educational 

program, assisted diagnosis, and data mining.  

8. D-CAS: is an expert system for aid in the appraisal and treatment of diseases of sugarcane. This multimedia computer 

program was used with Windows as an expert system for identification and control of 59 sugarcane diseases. The program 

comprises 3 modules: diagnosis, data sheets with pathogen characteristics (including geographical distribution, symptoms, 

strains, transmission, host range, conditions favourable for disease development, economic importance and control). 

9. COUNSELLOR: was developed in England by ICI Agrochemicals to manage insect and diseases on wheat. It was developed 

on a DOS computer using the expert system shell Savoir. This shell is unique in that it uses evidence nets to predict risk of 

disease and to optimize treatment recommendations. COUNSELLOR displays a cost benefit analysis for the treatment 

recommendation. 

10. PREDICT: is an expert system for diagnosing pest damage of red pine stands in Wisconsin and is designed useful for field 

foresters with no advanced training in forest pathology or entomology. PREDICT recognizes 28 damaging agents including 

species of mammals, insects, and pathogens, as well as two types of abiotic damage.  

11. PCEST: is a pest control expert system for tomato, involves two main subtasks, namely: “diagnose” and “teat”. The diagnose 

subtask finds out the causes of the growers complains, while the treat subtask finds out a treatment plan for these causes.  

12. e-Sagu: It aims to improve farm productivity by delivering high quality personalized, farm–specific agro-expert advice in 

a timely manner to each farm at the farmer’s door–steps without farmer asking a question. It is a tool for IT–based personalized 

Agro-Advisory system. (“Sagu” means cultivation in Telgu language). In e-Sagu, the development of IT such as (Database, 

Internet, and Digital Photography) is extended to improve the performance of agricultural extension services. The e-Sagu 

system was implemented during 2004 by delivering advisory to 1051 cotton farms for the farmer of three villages in Warangal 

district in Andhra Pradesh.  

13. Pulse Expert: It is an operational automatic diagnostic tool. It helps farmers/extension workers to identify diseases of major 

pulse crops and suggests the appropriate control measures. Automatic knowledge acquisition system of Pulse Expert provides 

user-friendly interface to the domain experts for entering, storing and structuring the domain specific knowledge. The 

knowledge base of Pulse Expert contains up-to-date knowledge about 19 major diseases of pulses. Pulse Expert diagnose the 

pulse crop diseases along with its confidence factor and suggests most appropriate control measures which are composed of 

cultural practices as well as chemical controls. 

Conclusion 

By the end of the year 2050, India will be the most populous country in the world. We all know that with exponentially growing 

population our land size will remain same. Therefore, in order to feed our future generation, we need to produce more and 

more. Possibly one of the greatest hindrances in increasing crop production today is that of transferring new agriculture 
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technologies developed at laboratories to the farmer’s field.  Expert System technology is an ideal approach for transferring the 

crop production technologies to the farmer’s level, the ultimate consumer of agriculture research. The use of Expert System in 

agriculture can help bridge the gap between research worker and extension worker. Therefore, Expert System in Agriculture 

aims to train extension workers and distribute the Expert System to all extension sites nation-wide. 
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Introduction 

Quarantine is measure to prevent disease spread from one area to another new area. Recent scenario where entire world facing 

corona pandemic to human society, let’s discuss some interesting points which highlight epiphytotic related to plant disease 

and why quarantine is important in plant disease management. Quarantine in brief is any restriction imposed for 40 days in 

isolation. On other hand plant quarantine is all activities designed to prevent the introduction or establishment of pests or 

ensure their eradication. Activities involved in plant quarantine are prevention, exclusion, eradication, prevention, and 

investigation and post entry quarantine. Countries all over the world introduced several legislative majors including plant 

diseases. 

WTO and SPS Agreement 

Crop management defined as the set of agricultural operations that produce the crop. Soil and water science experts, plant 

pathologists, entomologists, agricultural scientists, and breeders all contribute to these operations. Soil and water conservation 

are also important factors in crop management. It is important that reliable methods of crop management be transferred to 

growers in an efficient way. The limitations of the conventional extension system are due mainly to the fact that these 

documents and agents are unable to cover all the different aspects of cultivation which can be overcome using ES in crop 

management specific to crop. There are also crop management advisory systems that focus on specific management issues 

common to most cropping systems and can therefore be used on a wide range of crops within specific geographic regions. 

Post-entry Quarantine 

Post entry quarantine is performed to check whether the exported plant contains any latent infection. Growing-on Test in 

Greenhouse an important procedure under PEQs. 

Table 1. Glimpse of Diseases Introduced in World History Which Caused Great Impact 

Potato late blight (Phytophthora infestans) Europe S. America 1836 

Powdery mildew of grape (Uncinula necator) England  USA 1845 

Grape phylloxera (Phylloxera vitifoliae) France USA 1845 

Downy Mildew of Grapes (Plasmopara viticola) France USA 1878 

Chestnut blight (Cryphonectria parasitica) USA Asia 1904 

Citrus canker (Xanthomonas citri) USA Asia 1907 

Blister rust of pine (Cronartium ribicola) USA Europe 1910 

Fire blight of apple and pear  New Zealand N. America 1919 

Dutch elm (Ceratostomella ulmi)  Dutch Srilanka  1920-30 

Coffee rust (Hamileia vastatrix)  Brazil Asia, Africa 1970 

Brief History of Plant Quarantine 

In 1600s in French observed wheat rust is always more severe near barberry plants.1660 barberry eradication was 

performed.1860 first law promulgated in 1860 to suppress and prevent the spread of common barberry. 
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Some Classical Examples 

1. Great Irish potato famine): Caused by Phytophthora infestanse causal organism of potato blight potato was main staple food 

crop in Ireland. In 1843-44 new disease was reported. In 1845 caused epiphytotic and left major impact 1 million people died 

of starvation It force approx. 1 million people to migrate. 

 

2. Impact on Grapevine Industries: 

a. Powdery mildew, 1845: caused by Uncinula necator, imported in France from America caused severe loss. 

b. Downy mildew, 1878: caused by Plasmopara viticola imported in France from America in 1878 caused severe loss. 

Table 2. Diseases Introduced in India From Other Countries Before Law Enforcement (Destructive Insect Pest 

Act, 1914) 

Diseases Country Year 

Coffee rust (Hamileia vastatrix) Sri lanka 1879 

Potato late blight (Phytophthora infestans) England 1883 

Flag smut of wheat (Urocystis agropyri) Australia 1906 

Downy Mildew of Grapes (Plasmopara viticola) Europe 1910 

Powdery mildew of cucurbits (Erysiphe cichoracearum) Sri Lanka 1910 

Downy Mildew of maize (Sclerospora philippinensis) Java 1912 

Table 3. Diseases Introduced in India From Other Countries After Law Enforcement 

Economic Losses Due to Plant Diseases Quarantine Importance 

Citrus canker in USA caused 13 million USD, 19.5 million trees destroyed. Dutch elm in USA caused 25 million USD which 

destroyed 50,000 million trees. Chestnut blight again in USA caused 100-1000 million USD. Powdery mildew of grapevine 

France caused 80% in wine production. Downy mildew of grapevine France destroyed 50,000 million trees Bunchy top of 

Diseases Country Year 

Blast of paddy (Pyricularia oryzae) South East Asia 1918 

Powdery mildew of rubber (Oidium heveae) Malaysia 1938 

Blank shank of tobacco 

Crown gall of apple  

Dutch 

England 

1938 

1940 

Banana bunchy top Sri Lanka  1940 

Potato wart  Netherland 1953 

Onion smut (Urocystis cepulae) Europe 1958 

Downy Mildew of Onion (Perenospora destructor) Europe 1977 

Downy Mildew of sunflower (Plasmopara halstedii) USA 1984 

Peanut stripe virus of groundnut China 1987 

Anthurium blight (Xanthomonas dieffenbachiae)  Netherlands 1996 

Image1: Symptoms of late blight 

of potato and picture depicting 

impact on human life (Picture 

curtesy: Google)  
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banana in India caused 4 crores loss. Wart of potato destroyed 25000 acres crops in India. Blue mold of tobacco in Europe 

caused loss of 50 million (Alam and Rolfe, 2006)). 

 

Diseases Under Domestic Quarantine and Current Emerging Disease in India  

1. Banana bunchy top: Spreads with banana planting material. Restricted from state: Assam, Kerala, Odisha, Tamil Nadu and 

West Bengal 

2. Banana bract mosaic virus: Spreads with banana plants and planting material Restricted from state: Maharashtra and Gujarat 

3. Apple scab (Venturia inaequalis): Spreads with Apple planting material. Restricted from state: Jammu and Kashmir. 

4. Wart of potato (Synchytrium endobioticum): Increased risk of dissemination by potato tuber. Restricted from state: West 

Bengal 

5. Karnal bunt (Tilletia indica): The major impact of Karnal bunt is yield reduction and a decrease in quality of grains with 

fishy odour. Soil and seed borne which pose a serious quarantine problem due spread through infected seeds. Quarantine 

restriction is applied by approximately 70 countries on wheat trade where Karnal bunt is known to occur. It is prevalent in 

northern wheat growing regions of India (Sharma et al., 2017).  

6. Wheat blast (Pyricularia graminis‐tritici): Wheat blast was first reported in Brazil in 1985.Has spread rapidly in wheat 

growing areas of Brazil and world. The upsetting appearance of wheat blast emerged in Bangladesh in 2016 which greatly 

increased the necessity to understand this disease. It has impacted around 15,000 hectares of land in eight districts, reducing 

yield on average by as much as 51% in the affected fields Bangladesh. Mode of spread: infected seeds, crop residues. Quarantine 

strategies can prevent and restrict the pathogen (Singh D. P., 2017).  

Conclusion 

In today’s time when almost all nations are fighting against corona pandemic, here quarantine has emerged as potential tool 

hence it understanding is important. In present article importance of quarantine w.r.t plant disease has been discussed because 

in many cases epiphytotics has put world in to great losses. Plant quarantine measures has potential to restrict the entry and 

spread of plant disease which can save economic loss in agriculture and allied sectors. 
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Introduction 

Secretory gland cells in the esophagus are the principle source of secretions involved in plant parasitism and these gland cells 
enlarged considerably as nematodes evolved from free-living nematodes to obtain nutrients from plants.  Secretory proteins 
are synthesized in the nuclear region of the gland cells and sequestered in spherical Golgi-derived membrane-bounded 
granules, which are transported along microtubules in the cytoplasmic extension to accumulate near the valves in the ampulla 
prior to their contents being secreted.  
As infective Juvenile of Root Knot Nematode establish a feeding site and show increase of size, the number of secretory granules 
in Sub ventral esophageal gland decrease whereas reverse happens in the Dorsal esophageal gland, indicating a changing role 
of esophageal gland cells and their secretions at different stages of the nematode’s life cycle.  
The stylet secretions perform function like penetration and migration through root tissue, modification and maintenance of 
root cells as feeding cells, formation of feeding tubes, and/or digestion of host cell cytoplasm to facilitate nutrient acquisition 
by the nematode.These secretions modify, directly or indirectly, gene expression to induce profound morphological, 
physiological, and molecular changes in the recipient cells to enable them to function as a continuous source of nutrients for 
the nematode parasitic stages. Factor(s) in the stylet secretions induce novel gene regulatory cascades causing the parasitized 
root cells to differentiate into the unique feeding cells. The secretions could bind to plant cell receptors to elicit a signal 
transduction cascade to modulate gene expression in the cell or function as transcription factors and enter the nucleus and 
directly modify the gene expression in the recipient plant cell. 
Oesophageal secretions initiates modification of host at molecular level. Oesophageal secretion causes upregulation of host 
Genes that encode host cell wall degradation. For example, Host endoglucanase and polygalacturonase genes are upregulated 
after infection. Expression patterns of endoglucanase genes are consistent with their role in syncytium formation in Cyst 
Nematode and giant cell development in Root Knot Nematode.Genes that function in metabolic pathways, cell-cycle 
progression and water transport are among those whose expression is increased in and around feeding cells.Auxin-response 
genes are induced in  susceptible response to cyst nematodes and could account for changes in gene expression .Ethylene also 
increases and could act as positive regulator of susceptibility to cyst nematode.  Orthologs of PHAN and KNOX, transcription 
regulators that are required for the formation and maintenance of meristems, are co-localized in the feeding sites of RKN and 
in Rhizobium-induced nodules. Early nodulation gene ENOD40 and cell cycle gene CCS52a are also upregulated upon 
nematode infection. 
Many genes which are associated with pathogen defense responses are downregulated. A transcription factor of the ethylene-
responsive element binding protein (EREBP) family that regulates defense gene expression is down regulated after infection 
of Heterodera schachtii in Arabidopsis. 

Conclusion 

The of study of PPNs oesophageal secretion, their genomics, transcriptomics and proteomics will give us a better 
understanding of parasitism of PPNs and will allow us to imply the management practice accordingly. 
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Introduction 

Pathogenic microorganisms affecting plant health are a major and chronic threat to food production and ecosystem stability 

worldwide. As agricultural production intensified over the past few decades, producers became more and more dependent on 

agrochemicals as a relatively reliable method of crop protection helping with economic stability of their operations. Consumer 

demand for pesticide-free food has led to a search for substitutes for these products.  

However, Increasing Use of Chemical Inputs Causes Several Negative Effects Such as: 

1. Development of pathogen resistance to the applied agents. Example: Pseudomonas syringae pathovars developed resistance 

against streptomycin, Xathomonas and Pseudomonas developed resistance against Copper. 

2. Effective for only shorter period. 

3. Non target environmental impacts. 

4. Chemicals are cost effective. 

5. Affects natural enemies. 

6. There are also a number of fastidious diseases for which chemical solutions are few, ineffective, or nonexistent. Biological 

control is thus being considered as an alternative or a supplemental way of reducing the use of chemicals in agriculture. 

Garett (1965) defined biological control of plant disease as a condition or practice whereby survival or activity of a pathogen is 

reduced through the agency of any other living organism (except human beings), with the result that there is reduction in 

incidence of the disease caused by the pathogen. 

Advantages 

1. Easily available 

2. Economical 

3. Effective 

4. Eco-friendly 

5. Easy to handle 

6. Easy and safe manufacturing and delivery 

7. Act as plant growth promoters 

8. No chances for development of resistance by pathogens 

9. Highly effective against specific disease 

10. Compatible with bio-fertilizers 

12. No phytotoxicity 

13. No residual problem 

Characters of an Ideal Bio-Control Agent  

1. It should not be pathogenic 

2. High rhizosphere competence 

3. Fast growth and heavy sporulation  

4. Easy to culture 

5. High competitivae saprophytic ability 

6. Plant growth promotion 
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7. Broad spectrum of action 

8. Attack early before host is damaged 

9. Environmentally safe 

10. Capacity to persist or survive well 

Mechanisms Involved 

1. Competition 

2. Siderophore production 

3. Parasitism 

4. Antibiosis 

5. Bacteriocin 

6. Secretion of lytic enzymes 

7. Plant growth promotion 

Method of Application of Biocontrol Agents  

1.Seed Treatment- 10 g / kg of seeds 

2. Soil Application - 2.5 kg / ha 

3. Foliar Application - 2 - 5 g/litre of water 

4. Seedling root dip - 2.5 kg/ha 

5. Sucker treatment - 10 g/sucker 

Commercialization of Bio-Control Products is a Multi-Step Process Involving a Wide Range of Activities 

1. Isolation of micro- organism from the natural ecosystem.  

2. Evaluation of bio-agent both in vitro and under glass house conditions  

3. Testing of the best isolate under field conditions 

4. Mass production 

5. Formulation  

6. Delivery 

7. Compatibility 

8. Registration and release 

Registration of Bioagents 

Two important factors in the registration of bio agents are the toxicity and the environmental fate. Under the section 9(3) of 

pesticide act of India 1968 information required for the registration of any bio pesticide are: 

1. Systemic name and common name of the bio control agent 

2. Natural occurrence 

3. Morphological description of the of the bio agent 

4. Details of manufacturing process 

5. Mammalian toxicity 

6. Environmental toxicity 

7. Residual analysis. (Junaid et al., 2013) 

Commercially Available Bio Nematicide                                                    

S. No. Bio control agent Product Target organism 

1. Paecilomyces lilacinus strain 251 Bio-Act® Meloidogyne spp., Radopholus similis, Heterodera spp., 

Globodera spp. 
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2. Beauveria bassiana strain GHA Botanigard ES or 

22 WP® 

Meloidogyne spp  

3. Purpureocillium lilacinum Biostat® Meloidogyne sp., Radopholus sp., Pratylenchus sp., 

Rotylenchulus sp. 

4. Verticillium lecanii Mycotal® Meloidogyne sp. 

5. T. harzianum T-22 Trianum® Meloidogyne sp. 

6. M. anisopliae strain F52 Met52® Meloidogyne sp. 

7. Bacillus subtilis, Trichoderma spp, 

Paecilomyces spp.,  

Nemaxxion 

Biol® 

Meloidogyne sp. 

8. Arthrobotrys spp, Glomus spp., Bacillus 

spp. 

Rem G ® Meloidogyne sp. 

Commercially Available Bio Nematicide 

Crop Common name of the disease Dosage per ha 

a.i. (g) Formulation (g/ml)/% Dilution in water (L) 

Pseudomonas fluorescens 0.5% WP (TNAU Strain Accession No.  ITCC BE 0005) 

Groundnut: Late leaf spot-10 g/kg seed 

Seed treatment: -Mix the required quantity of seeds with the required quantity of Pseudomonas fluorescens 0.5% WP 

formulation and ensure uniform coating. Shade dry and sow the seeds. 

Soil treatment: 1 kg of Pseudomonas fluorescens 0.5% WP spread uniformly over 1 hectare of land (foliar spray @ 2%)  

Rice:  Leaf and neck blast (Pyricularia oryzae)-10 gm / kg seed 

Seed treatment: Mix required quantity of the seeds with the required quantity of Pseudomonas fluorescens 0.5% WP 

Soil treatment: Broadcast 1 kg Pseudomonas fluorescens 0.5% WP by mixing with 2.5 kg organic manure in one ha area 

Foliar spray: Spray Pseudomonas fluorescens 0.5% WP @ 1 kg/ha 

Chili seedlings: Damping off (Pythium aphanidermatum)-10 g/kg seed 

Seed treatment: Mix required quantity of the seeds with the required quantity of Pseudomonas fluorescens 0.5% WP and 

ensure uniform coating, shade dry and sow. 

Tomato: Wilt (Fusarium oxysporum)- 10 gm/kg of seeds and ensure uniform coating, shade dry and sow-2.5 kg/hectare 

Soil Treatment-2.5 kg of Pseudomonas fluorescens 0.5% WP/ha 

Pseudomonas fluorescens 1.0% WP (Strain No. IIHR-PF-2 Accession No.  ITCCB0034) 

Tomato: Wilt (Fusarium sp.), Brinjal: Wilt (Fusarium solani) & Okra: Wilt (Fusarium spp.):    

Treat the seed with Pseudomonas fluorescens 1% WP @ 20 gm/kg of seeds & treat the nursery beds with the Pseudomonas 

fluorescens 1% WP @ 50gm/sq.m and apply Pseudomonas fluorescens 1% WP @ 5kg/ha enriched FYM*@5tons /hectare to the 

soil before transplanting. 

Trichoderma harzianum 0. 50% WS 

Cardamom: Capsule rot (Phytophthora meadii)-100 gm /plant (Soil treatment) with neem cake (0.5 kg/ plant) and 5 kg 

FYM/ plant 

Trichoderma harzianum 1.0% WP (Strain No. IIHR-TH-2 Accessions No. ITCC6888)  

Tomato: Wilt (Fusarium oxysporum)- 

Treat the seed with Trichoderma harzianum 1% WP @ 20 gm/kg of seeds & treat the nursery beds with the trichoderma 

harzianum 1% WP @ 50gm/sq.m and apply Trichodrma Harzianum 1% WP @ 5kg/ha enriched FYM*@5tons /hectare to 

the soil before transplanting. 

Brinjal: Wilt (Fusarium solani): 
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Treat the seed with trichoderma Harzianum 1% WP @ 20 gm/kg of seeds & treat the nursery beds with the trichoderma 

Harzianum1% WP @ 50gm/sy.m and apply Trichodrma Harzianum 1% WP @ 5kg/ha enriched FYM*@5tons /hectare to 

the soil before transplanting. 

Carrot: Root rot (Sclerotium rolfsi): Treat the seed with Trichoderma harzianum 1% WP @ 20gm/kg of seeds and apply 

Trichoderma harzianum 1% WP @ 5kg/ha enriched FYM*@ 5tons/hectare to the soil before sowing. 

Okra: Wilt (Fusarium oxysporum) 

Treat the seed with trichoderma Harzianum 1% WP @ 20gm/kg of seeds and apply Trichoderma harzianum 1% WP @ 

5kg/ha enriched FYM*@ 5tons/hectare to the soil before sowing. 

Trichoderma harzianum 2.0% WP  

Maize: Root rot and Fusarium wilt (Fusarium moniliforme)-20 gm /kg seed 

Seed treatment: Make a thin paste of required quantity of Trichoderma harzianum 2% WP with minimum volume of water 

and coat the seeds uniformly, shade dry the seeds just before sowing. 

Trichoderma viride 1% WP  

Pulses (Cowpea, mung bean, urdbean): Root rot and Chilli: Damping off:  seed treatment -4g/kg  

Trichoderma viride 1% WP (TNAU Strain Accession No. ITCC 6914) 

Cowpea: Root Rot: 5 gm /kg seed treatment 

Soil treatment: Mix 2.5 kg of Trichoderma viride 1.0% WP with 62.5 kg FYM and broadcast uniformly over a hectare of land 

and irrigate the field immediately 

Chili seedlings: Damping off (Pythium aphanidermatum): 4 g/kg seed treatment with Trichoderma viride 1% WP and ensure 

uniform coating shade dry and sow 

Urd bean: Root rot and Pigeon Pea: Root rot (Macrophomina phaseolina):  seed treatment of Trichoderma viride 1% WP @ 4 

g/kg  of seed 

Conclusion 

With people turning more health conscious, biological control seem to the best alternative to disease suppression. Bio agents 

bring the disease suppression with no environmental hazards. Research has proved that the bio agents trigger the growth of 

plants. Bio agents themselves being nonpathogenic to plants need to be formulated in a way that favours the activity and 

survival of microbe it contains. 
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Introduction 

RNA interference is a mechanism for RNA-guided regulation of gene expression in which double-stranded ribonucleic acid 

inhibits the expression of genes with complementary nucleotide sequences (Karakas, 2008). Two types of small RNA molecules 

– microRNA (miRNA) and small interfering RNA (siRNA) – are central to RNA interference. The entry of long double stranded 

RNA, such as an introduced transgene, a rogue genetic element or a viral intruder, triggers the RNAi pathway of cells. This 

results in the recruitment of the enzyme Dicer. Dicer cleaves the dsRNA into short, 20-25 base pairs long, fragments, called 

small interfering RNA (siRNA). An RNA-induced silencing complex (RISC) then distinguishes between the two siRNA strands 

as either sense or antisense. The sense strands (with exactly the same sequence as the target gene) are degraded. The antisense 

strands on the other hand are incorporated to the RISC. These are used as guide to target messenger RNAs (mRNA) in a 

sequence-specific manner. Messenger RNAs (mRNA), which codes for amino acids, are cleaved by RISC. The activated RISC 

can repeatedly participate in mRNA degradation, inhibiting protein synthesis. The selective and robust effect of RNAi on gene 

expression makes it a valuable research tool, both in cell culture and in living organisms because synthetic dsRNA introduced 

into cells can induce suppression of specific genes of interest. RNAi may also be used for large-scale screens that systematically 

shut down each gene in the cell. 

Role of RNAi in Management of Plant Parasitic Nematodes 

Since the discovery of RNAi, it has been applied in fields like medicine, Crop improvement and plant protection. There are 

many successful cases of lowering down the damage potential plant parasitic nematodes in crop plants. The key strategy is the 

down regulation of the PPNs genes responsible for pathogenesis and important metabolic activity. The down regulation of 

targeted gene of PPNs is achieved by the suitable modification of crop plant by inserting the gene producing specific dsRNA 

for target gene down regulation. Banerjee et al. (2017) studied the effect of host delivered RNAi for two collagen genes, Mi-col-

1 and Lemmi-5. RNAi effect of Mi-col-1 resulted in 30.80-35% in reduction in the number of adult females, 50.06-66.71% 

reduction in egg mass per plant and 76.47-82.59 % reduction in the number of eggs per egg mass. The RNAi effect of Lemmi-5 

resulted in 34.14-38.54% reduction in adult female, 62-66% reduction in the number of the egg as per plant and 67.13-79.76% 

reduction in the number of eggs per egg mass. 

Kumar et al. (2017) showed the effect of host induced RNAi of splicing factor and integrase gene in Arabidopsis. He observed that 

RNAi lines for splicing factor gene the number of galls, females, and egg integrase gene, the number of galls, females and egg 

masses was reduced up to 59.5, 66.8 and 63.4%, respectively RNAi lines for integrase gene, the number of galls, females and 

egg masses was reduced up to 59.5, 66.8 and 63.4%, respectively. Li et al. (2017) performed in planta RNAi in Nicotiana 

benthamiana to control burrowing nematode (Radopholis similis). The explicit part of protease gene, cathepsin S (Rs-cps), was 

cloned to form recombinant plant RNAi vectors to create transgenic plant expressing dsRNA of Rs-cps gene. The result 

indicated that Rs-cps transgenic N. benthamiana plants were resistant to R. similis and the transcription level of Rs-cps in R. 

similis was considerably decreased. Furthermore, the reproduction and hatching rate of R. similis isolated from the Rs-cps 

transgenic plants were also notably reduced. 
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Conclusion 

RNAi strategies can be used to create effective resistance in crops devoid of natural resistance using biotechnological tools.  

Multiple gene silencing may offer better resistance levels against the nematode pests. A key advantage of RNAi-mediated 

resistance is that dsRNA has no inherent translational ability to produce a functional protein. 
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Introduction 

With expanding urbanization, divided ways of life, nutritional awareness, and double pay have additionally made the 

purchaser all the more requesting. Quality and convenience are the new goals of the food market. Customers' restored 

enthusiasm for fruits and vegetables as wellbeing nourishments with low cholesterol, low to no fat and sodium, elevated levels 

of nutrients, minerals, fiber and all the more as of late potential antioxidants has quickened the utilization of fresh fruits and 

vegetables. Right now, and negligible handled fresh fruits and vegetables would be the nourishments in future ahead. Nominal 

processing has a decent extension in the inn industry and quick chain eateries. There has been a consistent interest of pre-cut 

plates of mixed greens, shredded onion and cabbage from airlines. The accomplishment right now relies upon the use of strict 

sanitation in handling, improved innovation in packaging and support of the right temperature during storage and 

transportation. Minimal processing falls in the domain of workmanship by which trimmed and cut fruits and vegetables are 

preserved without causing noteworthy changes in their fresh like properties. Such items are very appropriate for servings of 

mixed greens, curries, porridge and custard-like arrangements. 

Essential Requirements in Minimal Processing of Fruits and Vegetables 

1. Good quality crude materials (suitable cultivar/variety, appropriate cultivation, and reaping and storage conditions)  

2. Sorting, estimating and reviewing the crude material: This gives consistency and standardization of the completed items for 

purchasing and selling. The most significant evaluation factors are size, shape, color, firmness, friability, wounds, cut surfaces, 

chemical composition, infection and reliability. Overripe, modest and flawed items are isolated from those of worthy quality.  

3. Careful cleaning and washing when stripping: Cleaning and washing might be the main safeguarding treatments in the 

greater part of the nominal processed fruits and vegetables. Cleaning alludes to the expulsion of the remote materials. As a 

unit operation, cleaning is a type of partition worried about the evacuation of twigs, stalks, dirt, sand, soil, insects, pesticides 

and manure deposits from fruits and vegetables, just as containers and tools. The cleaning procedure additionally includes 

partition of light from overwhelming materials by gravity, destoning, floatation, picking, screening, and others. In an 

insignificant handled leafy foods process line, washing ought to be done in a quarantined chamber with a confined number of 

passageways and human contact to item ought to be constrained.   

4. Good quality water for washing: Water is the key component in the minimally processed items. The source and quality of 

water must be thought of. The water utilized should be consumable, liberated from the bacterial pollution, bothersome odor 

and season and ought to be colorless. 

5. Application of different pretreatments: In nominal processing, the cut, stripped, trimmed pieces and scraps of fruits and 

vegetables are non-thermally treated by plunging them in solution, by and large, comprising of potassium metabisulphite 

(0.01-0.09%), sodium benzoate (0.03-0.08%), citric acid (0.5-1.2%), ascorbic acid (200-300 ppm) and salt (3-6%) at 20-25 °C for a 

couple of hours or at 5±1 °C for a few hours. Once a while extremely mild in-pack thermal treatments (70-80 °C for 5 minutes) 

are given to non-acidic items to cut down their microbial burdens. Be that as it may, the force of the treatment is firmly observed 

and kept at the very least to maintain a strategic distance from heat prompted chlorophyll degradation. Nominal processing 

incorporating different non-thermal pretreatments including ionizing radiations, dipping in soak solutions, and so on offer a 

promising innovation that can be utilized to improve the healthiness of ready-to-eat cut fruits and vegetables. Ionizing 
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radiations utilized at 1-5 KGy have likewise been found to check foodborne pathogens in pre-cut fruits, vegetables and juices. 

Illumination enters the whole item to inactivate pathogens that have infiltrated the food.  

6. Gentle spin-drying following washing: Soaked items are drained and moisture is expelled in a crate centrifuge operating at 

1000 rpm.  

7. Gentle stripping, cutting, slicing and/ or shredding: Size decrease depicts all methods by which fruits and vegetables are cut 

or broken into littler and uniform bits of clear shape and size. Size decrease might be a fundamental advance to improve taste, 

digestibility and simplicity of taking care of. Unit operations like stripping, dicing, slicing and cutting cause injury to the fruits 

and vegetables that are transient and exhibit fast deterioration in quality at ambient temperature. Loss of cellular integrity at 

the cut surface devastates the compartmentation of enzymes and substrates, which prompts the height of respiratory 

movement and ethylene production, further bringing about improved senescence other than giving sites for pathogen entry 

and substrate for their development. Furthermore, it might likewise enact enzymes responsible for browning and oxidative 

reactions.  So as to impede the pace of these reactions the item ought to be promptly kept at 5±1 °C in the wake of cutting.  

8. Correct packaging materials and packaging methods: The item is in this manner exposed to the ultraviolet light for ten 

minutes in a tidy up room, packed in flexible polymeric sachets and put away 5±1 °C. Likewise new methodology of eco-

friendly packaging material, for example, biodegradable plastics, edible coatings and films can likewise be utilized.  

9. Low temperature during handling: The ambient temperature during different unit activities ought to be 10-12 °C and the 

humidity ought to be 60-70% RH.  

10. The correct temperature and humidity during distribution and retailing: The temperature ought to around 10-12 °C with 

RH around 60-70%.   

11. Strict cleanliness and good manufacturing practices: This would encourage in controlling the item quality. Methods like 

HACCP (Hazard Analysis Critical Control Points) can be utilized to assess the different unit activities which might be adverse 

for the final product quality. Nominal handled items offer various points of interest as pre-packing takes into account 

increasingly productive segment control. Solid waste removal issues and requests on storage under refrigeration are 

diminished. Supply of an assortment of ready to eat items that show incredible consistency of value and character is accessible 

over numerous weeks. 

Marketing 

Advertising of nominal processed fruits and vegetables require the accomplishment of a significant level of sensory quality, 

which is a prime essential. This is reliant upon a few variables, for example, stage of harvest, quality control for post-harvest 

life, successful packaging utilizing in-form graphics, competitive pricing and offering service at all levels of the distribution 

system. Capability to deliver finished products to the client within 2-3 days from receipt of an order is an indispensable 

marketing potential thrust area.  Since the extensiveness of the distribution system is the establishment of marketing in the 

industrialized nations. In the event that an item is to sell, it must be made promptly accessible to the target section, for example, 

fast-food chains, markets, cafés, inns, institutional cafeterias and caterers. 

Quality Upkeep Is Supported by The Accompanying Strategies in Distribution Channels: 

1. Minimize handling rate of recurrence.  

2. Provide continued control of temperature, % RH, modified atmosphere (MA)/ controlled atmosphere (CA) conditions (total 

environmental control) during storage and transportation.  

3. Always transfer the item from trucks to refrigerated storage right away.  

4. Always rotate product on a first-in-first-out basis, rotate the complete stock on a week by week premise.  

5. Never stack individual cases in excess of five high. 

Conclusion 

Minimally processed fruits and vegetables are a significant and quickly creating class of nominally processed foods. One of a 

kind uses of the basic and food sciences and their supporting innovations and designing are creating these convenience foods. 

Minimally processed fruits and vegetables have pulled in light of a legitimate concern for some features of the food industry 
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including such various regions as food manufacturers, retail stores, cafés, carry- out establishments and supermarket units. 

The reason for nominally handled foods is to convey to the purchaser alike- fresh fruit or vegetable items with an all-inclusive 

time span of usability and simultaneously guarantee sanitation and keep up the sound nutritional and sensory quality. 
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With the outbreak of COVID-19 in India, the government has imposed national lockdown as a measure of precaution. 

Lockdown is need of hour as there is no other way to deal with such an alarming situation. It may help in limiting the health 

crisis, but complete shutdown of all economic activities except few essential services led to economic crisis in the country. The 

consequences of lockdown in the economy include misery of the poor, massive job losses and rising food insecurity. 

The economic shock likely to be more severe for developing countries like India due to the reason that economy was already 

in slowing down stage along with increase in unemployment prior to outbreak of virus apart from that India’s large informal 

sector is particularly vulnerable. Out of total national workers of country approximately 91 per cent belonged to non- formal 

sectors during 2017-18 which included large portion of agricultural workers (Dev, M., 2020). Due to lack of regular salaries, 

these agriculture, migrant, and other informal workers would be hardest-hit during the lockdown period. Therefore, present 

study outlines the impact on agriculture, supply chains, food security and livelihood. 

Agriculture and Supply Chains 

COVID-19 is disrupting various agricultural activities and supply chains. Non-availability of labor is interrupting some 

harvesting activities of rabi season crops like wheat and pulses which further affect the supply chains. The marketing of 

agricultural produce is major issue for the producers because of transportation problems and other issues. Closure of hotels, 

restaurants, sweet shops and tea shops during the lockdown is already depressing milk and other agricultural product sales. 

The perishable commodity producers are facing major threats due to COVID-19 outbreak. Poultry farmers also badly hit due 

to the thought that chicken are the carriers of COVID-19. Apart from that cultivation of flowers, fruits and vegetables also hit 

hard due to this misfortune (Ministry of Agriculture). Few measures suggested by scientists to keep the agricultural sector and 

supply chains working smoothly are as follows: 

1. The government has correctly exempted farm operations and supply chains. But implementation problems should be 

rectified which could remove problems of labor shortages and falling prices. 

2. Supply chains must be kept functioning well for food security as we have and experience of Bengal famine 1943 wherein 2 

to 3 million deaths were due to food supply disruptions, not a lack of food availability. 

3. Farm populations must be practice social distancing and testing must be done to maximum possible extent. 

4. Farmers must have continued access to markets which may be a mix of private markets and government procurement.  

5. Small poultry, dairy farmers and growers of perishable commodities must be given every possible assistance as input- output 

supply and market-access problems are urgent. 

6. Farmers and agricultural workers must be considered in the government’s assistance package. 

7. As lockdown measures have increased, demand for home delivery of groceries and E-commerce also increased. The trend 

must be encouraged and promoted. There is good opportunity for the development of supply as well as value chains.  

8. The policy measures must be promoted for promotion of trade by avoiding export bans and import restrictions. 

Some Additional Measures Needed are as Follows: 

1. Food security: Government warehouses are full with rice and wheat. Therefore, in order to avoid exclusion errors, it is 

better to offer universal coverage of distribution in the next few months. Nutrition programs like mid-day meals, and 

Anganwadis (rural child care centers) must continue to work as essential services and provide rations and meals to recipients 

at home. 
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2. Cash transfers: Unemployed informal workers and women need cash income support. The government should increase 

the amount of financial assistance to the informal sector workers and women. At present, Rs. 500 ($6.60) per month has been 

transferred to the bank accounts of 200 million women via the Jan Dhan financial inclusion program (Dev, M., 2020).  

3. Migrant workers: In India, there are about 40-50 million seasonal migrant workers who are walking on roads to return to 

their homes. These people must be addressed and given both cash transfers and nutritious food. 

Conclusion 

COVID-19 is a pandemic which is disrupting the food chains in the country to a greater extent. It is an unprecedented challenge 

for our country as its large population and the economy’s dependence on informal labor make lockdown measures hugely 

disruptive. The government recognized the challenge and responded positively but the country must be prepared to scale it 

up as events unfold, easing the economic impacts through public program support and policies that keep markets functioning. 
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Introduction 

At many sites around the nation, heavy metals have been mined, smelted, or used in other industrial processes. The waste 

(tailings, smelter slag, etc.) has sometimes been left behind to pollute surface and ground water. The heavy metals most 

frequently encountered in this waste include arsenic, cadmium, chromium, copper, lead, nickel, and zinc, all of which pose 

risks for human health and the environment. They typically are spread out over former industrial sites and may cover acres of 

land. Here, mine spoils cover much of the open space inside the city, and contain high levels of lead, zinc, and. Heavy metal 

contamination can be carried with soil particles swept away from the initial areas of pollution by wind and rain. Once these 

soil particles have settled, the heavy metals may spread into the surroundings, polluting new areas. Cleanup (or remediation) 

technologies available for reducing the harmful effects at heavy metal-contaminated sites include excavation (physical removal 

of the contaminated material), stabilization of the metals in the soil on site, and the use of growing plants to stop the spread of 

contamination or to extract the metals from the soil (phytoremediation). 

Excavation 

Excavation and physical removal of the soil is perhaps the oldest remediation method for contaminated soil. It is still in use at 

many locations. Advantages of excavation include the complete removal of the contaminants and the relatively rapid cleanup 

of a contaminated site (Wood, 1997). Disadvantages include the fact that the contaminants are simply moved to a different 

place, where they must be monitored; the risk of spreading contaminated soil and dust particles during removal and transport 

of contaminated soil; and the relatively high cost. Excavation can be the most expensive option when large amounts of soil 

must be removed or disposal as hazardous or toxic waste is required. 

Stabilizing Metals in the Soil 

Heavy metals can be left on site and treated in a way that reduces or eliminates their ability to adversely affect human health 

and the environment. This process is sometimes called stabilization. Eliminating the bioavailability of heavy metals on site has 

many advantages over excavation. One way of stabilizing heavy metals consists of adding chemicals to the soil that cause the 

formation of minerals that contain the heavy metals in a form that is not easily absorbed by plants, animals, or people. This 

method is called in situ (in place) fixation or stabilization. This process does not disrupt the environment or generate hazardous 

wastes. Instead, the heavy metal combines with the added chemical to create a less toxic compound. The heavy metal remains 

in the soil, but in a form that is much less harmful. 

One example of in situ fixation of heavy metals involves adding phosphate fertilizer as a soil amendment to soil that has high 

amounts of the heavy metal lead. Chemical reactions between the phosphate and the lead cause a mineral to form called lead 

pyromorphite. Lead pyromorphite and similar minerals called heavy metal phosphates are extremely insoluble. This means 

the new minerals cannot dissolve easily in water (Lambert et al., 1997). This has two beneficial effects. The minerals (and the 

heavy metals) cannot be easily spread by water to pollute streams, lakes, or other groundwater. Also, the heavy metal 

phosphates are less likely to enter the food chain by being absorbed into plants or animals that may eat soil particles. This 

method is relatively rapid and takes about the same amount of time as excavation. 
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Use of Plants 

Growing plants can help contain or reduce heavy metal pollution. This is often called phytoremediation (EPA, 1988). It has the 

advantage of relatively low cost and wide public acceptance (Schnoor, 1997). It can be less than a quarter of the cost of 

excavation or in situ fixation. Phytoremediation has the disadvantage of taking longer to accomplish than other treatment. 

Plants can be used in different ways. Sometimes a contaminated site is simply revegetated in a process called phytostabilization. 

The plants are used to reduce wind and water erosion that spread materials containing heavy metals. In one example, grass or 

tree buffers could reduce sediment loss from the chat piles at a contaminated site in Galena, Kansas, anywhere from 18% to 

25% (Green, et al. 1997). If all of the ground could be revegetated, sediment loss could be cut by approximately 70%. However, 

it would be necessary to find plants that could tolerate high levels of heavy metals. 

Another way plants can be used to clean up heavy-metal contaminated soil is called phytoextraction. Some plant species can 

take up heavy metals and concentrate them in their tissue. The plants can be harvested and the contaminated plant material 

disposed of safely. Sometimes soil amendments are added to the soil to increase the ability of the plants to take up the heavy 

metals. One type of plant used for this purpose is called Indian mustard. This plant has been used to extract lead from soil and 

reduce lead contamination at various contaminated sites. Other plants that may be used for phytoextraction include alfalfa, 

cabbage, tall fescue, juniper, and poplar trees. 

Another way plant is used to treat heavy metal contamination is called rhizofiltration (EPA, 2000). In this method, heavy metals 

are removed directly from water by plant roots. The plants are grown directly in water or in water rich materials such as sand, 

using aquatic species or hydroponic methods. In field tests sunflowers on floating rafts have removed radioactive metals from 

water in ponds at Chernobyl, and other plants removed metals from mine drainage flowing through diversion troughs (EPA, 

2000). Plants used for phytoextraction may accumulate high concentrations of metals. Fences or other ways to limit access to 

people and animals, and disposal of plant matter as special waste is sometimes necessary. 

Conclusion 

During the 1990.s, new methods have been developed to clean up heavy metal contaminated soil. The expensive process of 

excavating and disposing contaminated soil has been augmented with new methods that treat the soil in place. In situ fixation 

is a process that creates new chemical coumpounds in which heavy metals are much less available to living things. This on-site 

cleanup is less disruptive to people’s   lives and to the environment compared to excavating and disposing contaminated soils 

elsewhere. Phytoremediation uses plants by several methods to contain or clean up heavy metals. Phytoremediation has the 

benefit of being a relatively low-cost, natural solution to an environmental problem. 
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Introduction 

Total geographic area of the country is 329 million hectares, out of which, 6.74 million hectares of land are affected by salts. 

Gujarat, Uttar Pradesh, Madhya Pradesh, West Bengal, Maharashtra, Rajasthan, and Tamil Nadu cover the maximum salt 

affected lands (Biswas and Biswas, 2014). In the era of climate change with depleting soil fertility and reducing ground water 

table with the increasing pressure on land resources lead to different types of degradation including salinization, which is the 

process of increasing salt in soil profiles. One of salt affected group of soils belonging to small and marginal farmers is alkali 

soils, which is unproductive because of high pH and per cent exchangeable Na+, which adversely affect physic chemical and 

biological properties of these soils (Oster et al., 1996; Qadir et al., 2001). The presence of hard kankar (calcite) pan at a depth of 

about 90 cm of the soil profile is a major problem for planting of deep-rooted plants (Garg et al. 1996). Tree growth in alkali 

soils is constrained mainly by the inability of roots to penetrate this calcite pan. Judicious use of these lands can substantially 

contribute to increasing demand for food, fodder, fuel, and timber in India. Planting of trees and grasses on alkali soils provide 

an alternative to control further deterioration of these soils and to maintain soil healt. Another group is saline soil, which also 

influences the growth, development and production of crops, fruit and tree species. 

Salt Affected Soils Nature 

Soils having excess salt content (>critical level) negatively affects the growth, development and production of most of the crop 

plants (Richards, 1954). Salts primarily originate as a result of weathering of rocks. In the arid and semiarid tropics, high 

temperature, low rainfall with high evaporation rate left out the salts at the soil surface. In the low rainfall areas, the deposited 

salts at the surface are sometimes blown by wind over years and get deposited on soil surface at other place producing salt 

affected soils elsewhere. The ground water containing high amount of salts increases the salt content of soils. Faulty irrigation 

with injudicious uses of inorganic fertilizers in the farms increases the surface salt content in the soil. 

Salt affected soils are broadly classified into alkali and saline soils on the basis of nature, amount of soluble salts affecting the 

physico-chemical characteristics, color, process of formation, and plant response. Alkali soils have exchangeable sodium 

percentage (ESP), sodium absorption ratio (SAR), and pH more than 15, 13, and 8.2, respectively. The high alkali status resulted 

in scorching and leaf burning of crop or yellowing of leaves. In extreme condition, the land remains barren with very less or 

no vegetation (Biswas and Biswas, 2014; Richards, 1954). 

Saline soils are characterized by low ESP and pH < 8.2. These soils support patchy growth of crops and show visible signs of 

salt injury like tip burn or chlorosis of leaves. Increased ESP or pH in the soil causes physical properties of soil that negatively 

effects on the plant growth. For instance, restriction in entry of air and water in the soil resulted in poor root growth or causing 

temporary water logging, formation of surface crust, which inhibit seedling emergence, and the compaction of topsoil and 

subsoil leads to poor plant growth. Similarly, excess soil salinity also causes plant growth, where increased level of soil salinity 

decreases water availability to plants, retards the absorption of essential plant nutrients, and some time, it may act as toxic to 

the plants (Biswas and Biswas, 2014; Bhargava 1989). 

Characteristics and Role of Agroforestry for Amelioration of Salt Affected Soils 

Agroforestry, a sustainable land use system consists of trees, agricultural crops, and grasses with/without animals as various 

components and act as an alternative form of biological reclamation of salt affected soils along with continuous income 

generation, employment and food and nutrition security. Agroforestry is generally practiced with the objective to better 

utilization of resources, to minimize the environmental degradation, to improve the soil organic matter content through leaf 
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litter and plant debris, and to maximize the more efficient nutrient cycling within system. Moreover, more proficient utilization 

of nutrients and biological nitrogen fixation and solubilization of relatively unavailable nutrients are added advantages of 

agroforestry. In general, the salt affected soils get ameliorated by trees depends upon the nature and type of tree species, growth 

habit, quantity and quality of litter produced, planting density, age of plantation, ability to fix N, and management practices. 

Trees grown with agricultural crops in salt affected soils improve the physical properties of soil. For instance, tree minimizes 

the salt deposition in the upper layers of the soil, it prevents salt accumulation on the surface layer, it improves water 

permeability and it facilitate leaching of salts, it decreases the bicarbonate levels, it reduces soil pH and electrical conductivity 

(EC), it increases water holding capacity, as well as infiltration rate and hydraulic conductivity with soil fertility. Similarly, 

enhancing cation exchange capacity (CEC) reducing ESP and improvement in desodification process all along the profile depth 

can be taken place through tree planning in salt affected soils. Tree species has different ability to overcome the problem of 

alkalinity. However, Tomar and Gupta categorized tree species into high tolerant, tolerant, moderately tolerant, and sensitive, 

which are publicized in Table 1 and Table 2 (Tomar and Gupta, 1986). 

Table 1: Example of Tree Species as Per Tree Classification (Tomar And Gupta, 1986) Based on Nature of 

Tolerate/Sensitive to Different Soils with Varying Ph 

High tolerant (plant able to 

perform best in soil with 

pH>10.0) 

Tolerant (plant able to 

perform best in soil with 

pH 9.5-10.0) 

Moderately tolerant (plant 

able to perform best in soil 

with pH 9.0-9.5) 

Sensitive (plant able to 

perform best in soil with 

pH<9.0) 

Prosopis juliflora Acacia catechu Acacia auriculiformis Bauhinia variegata 

Acacia nilotica Albizia lebbeck Albizia procera Bombax ceiba 

Tamarix articulata Butea monosperma Azadirachta indica Cedrela toona 

Casuarina equisetifolia Cordia rothii Bambusa spp. Ficus virens 

 Eucalyptus tereticornis Cassia siamea Hardwickia binata 

 Pithecellobium dulce Dalbergia sissoo Populus deltoids 

 Pongamia pinnata Grevillea robusta Tectona grandis 

 Tamarindus indica Kigelia pinnata Thespesia populnea 

 Terminalia arjuna Leucaena  

Table 2: Example of Tree Species in Different Tree Classification (Tomar And Gupta, 1986) On the Basis of 

Degree of Tolerate to Sensitive to Soil with Varying EC 

Tolerant 

(EC 25-35 dS/m) 

Moderately tolerant 

(EC 15-25 dS/m) 

Moderately sensitive 

(EC 10-15 dS/m) 

Sensitive 

(EC 7-10 dS/m) 

Acacia farnesiana Acacia pennatula Acacia auriculiformis Acacia deamii 

Parkinsonia aculeata Acacia tortilis Albizia caribaea Albizia guachapele 

Parkinsonia aculeata Acacia nilotica Casuarina cunninghamiana Alelia herbertsmithite 

Pithecellobium dulce Casuarina equisetifolia Eucalyptus tereticornis Caesalpinia eriostachya 

Prosopis juliflora Casuarina obesa Leucaena shannoni Caesalpinia velutina 

Tamarix articulata Casuarina glauca Pongamia pinnata Haematoxylon brasiletto 

Tamarix troupii Callistemon lanceolatus Samanea saman Salix spp. 

 Eucalyptus camaldulensis Terminalia arjuna Syzygium cumini 

Agroforestry Systems for Amelioration of Salt Affected Soils 

Successful cultivation of cultivable salt affected wastelands necessitates suitable reclamation and management strategies. Of 

different methodologies to ameliorate the salt affected lands, planting trees in the form of agroforestry are a low-cost viable 

option. Specific agroforestry models have been developed for better results in terms of production and reclamation. Amongst 

the various agroforestry systems, agrisilvicultural system, silvipastoral system, multipurpose woodlots and 

agrihortisilvicultural system are suitable for reclamation of salt affected soils. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            542 | P a g e  
 

Agri silvicultural System for Salt Affected Soil Amelioration 

Multipurpose trees (MPTs) are raised first for some periods then agricultural crops are raised in the inter space available. 

Extended growth of trees on alkali soils ameliorates by decreasing the pH and EC along with increasing organic matter and 

fertility. Trees such as Eucalyptus tereticornis, Acacia nilotica, Albizia lebbeck, Terminalia arjuna, Prosopis julifl ora are selected 

on the basis of tolerant to sodicity; however, agricultural crops are grown as intercrops on the basis of local need (Biswas and 

Biswas, 2014). Singh studied the change in the various soil properties through tree crop combination in partially reclaimed 

lands, where there was decrease in soil pH and EC with enriched soil organic carbon, available N, P, and K through growing 

agricultural crops of berseem, rice, wheat, and mustard under Populus deltoides, E. tereticornis, and A. nilotica-based 

agrisilvicultural system at 5 years age (Singh, 2011) [Table 3]. 

Table 3: Influence of Different Tree-Crop Combinations on Soil Properties 

Land use systems Soil pH Organic carbon (%) Available nitrogen (kg/ha) 

Crop based system −0.45 +0.07 +10 

Eucalyptus based −0.67 +0.12 +21 

Acacia based −0.63 +0.20 +31 

Populuss based −0.80 +0.17 +25 

 

Silvipastoral System for Salt Affected Soil Amelioration 

Promising salt tolerant MPTs along with grasses are adopted in the agroforestry system to reclaim the alkali soils. Most suited 

tree species for reclamation of alkali soils are P. julifl ora, A. nilotica, Casuarina equisetifolia, T. arjuna, Tamarix articulata, and 

Pongamia pinnata. Similarly, the following grass species are also used to improve the status of alkali soil: Leptochloa fusca, 

Chloris gayana, Brachiaria mutica, and Sporobolus spp. One of the studies carried out by Singh showed that P. julifl ora with 

L. fusca under silvipastoral system reduced the soil pH and EC and improved the soil nutrients viz., organic carbon (%), 

available NPK at soil depth of 0-15 cm and 15-30 cm at 74 months after planting (Singh, 2014) [Table 4].  

Table 4: Effect of Prosopis Juliflora-Leptochloa Fusca Silvipastoral System on Physical and Chemical Properties 

in Land with Alkali Soil (Singh Et Al., 2014) 

Soil property Depth (cm) Initial At 74 months of planting 

pH 0-15 

15-30 

10.3 

10.3 

8.9 

9.4 

EC 0-15 

15-30 

2.2 

1.5 

0.36 

0.60 

Organic carbon (%) 0-15 

15-30 

0.18 

0.13 

0.58 

0.36 

Available nitrogen (kg/ha) 0-15 

15-30 

79 

73 

165 

134 

Available phosphorus 

(kg/ha) 

0-15 

15-30 

35 

31 

30 

26 

Available potassium 

(kg/ha) 

0-15 

15-30 

543 

490 

486 

478 

Multipurpose Wood Lots for Salt Affected Soil Amelioration 

In this system, salt tolerant MPTs are raised in block plantation with less spacing for the purpose of production of fuel wood, 

fodder, and other non-timber forest produces. Growing MPTs ameliorate alkali soils at a faster rate due to buildup of organic 

matter and the recycling of important nutrients. Singh and others identified tree species for amelioration of salt affected soils. 

In addition to biomass production, trees growth on salt affected soils helps in their amelioration by improving physical, 
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chemical, and biological properties of soils. Ameliorating effects of 20-year-old tree plantations showed that organic carbon 

increased by 3-5 times and pH decreased from 10.3 to lowest of 8.03 (Singh et al., 1993) [Table 5].  

 

Tree species Before planting After 20 years of plantation 

pH OC (%) pH OC (%) 

Eucalyptus tereticornis 10.3 0.12 9.18 0.33 

Acacia nilotica 10.3 0.12 9.03 0.55 

Albizia lebbeck 10.3 0.12 8.67 0.47 

Terminalia arjuna 10.3 0.12 8.15 0.58 

Prosopis juliflora 10.3 0.12 8.03 0.58 

 

Agri-Horti-Silvicultural System for Salt Affected Soil Amelioration 

Salt tolerant horticultural fruit trees or small trees along with agricultural crops are practiced for production of various 

products, as well as to reclamation the soil. Fruit species are generally sensitive to salt stress; however, some of the species viz., 

Zizyphus mauritiana, Punica granatum, Syzygium cumini, Emblica offi cinalis, and Tamarindus indica showed good performance on 

saline soils (Singh et al., 2004). Tomar et al. also reported the soil amelioration in terms of reduction in soil pH, improvement 

in organic matter and available nitrogen contents under agrihorticultual system. Moreover, agricultural crops such as Egyptian 

clover, wheat, onion, and garlic cultivated under Carissa carandus, P. granatum, E. offi cinalis, Psidium guajava, Syzygium cumini, 

and Z. mauritiana also improves the soil properties of alkali soils (Tomar et al., 2004). 

Conclusion 

On the basis of the present study, it is concluded that agroforestry is one of the options for amelioration of salt affected soil 

through biological way. Several tree species, pastures, agricultural crops, and horticultural crops/ trees adopted in different 

agroforestry systems such as agrisilvicultural system, silvipastoral system, multipurpose wood lot, and agrihortisilvicultural 

system described in the paper are well suited for reclamation of salt affected soils. These trees or plants physiologically 

ameliorating the salt affected soil particularly saline and alkali soils by reducing soil pH, EC, and ESP and by increasing CEC 

organic carbon; and available nutrient such as nitrogen, phosphorus, and potassium status of soil. Therefore, it is suggested to 

grow these MPT species in agroforestry systems to ameliorate the salt affected soil over a period of time to get the multiple 

benefits. 
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Introduction 

Horticultural commodities are exceptionally short-lived in nature thus there might be a glut of fruits and vegetables in the 

market during the topmost harvest season. They proceed their life metabolisms after reap and in this manner change their 

qualities relying upon item taking care of (Faye, 2007). These yields experience a quick change between the harvest and 

utilization which results deterioration and diminishes market esteem. The decay has been assessed to be almost 30-40 percent 

in a large portion of the produce which represent in excess of 25,000 crores of rupees consistently. Misfortunes are more extreme 

in developing countries than developed countries (Enyiukwu et al., 2014). This isn't just a deficit to the producers yet an overall 

deficit of enormous human nutrition and wastage of inputs included. These misfortunes can be limited to an extensive surplus 

with timely and safe management of post- harvest produce. The postharvest management of fruits and vegetables incorporates 

pre- and post-gather practices, their reaping, taking care of, handling, stockpiling, dissemination, showcasing, and so forth. 

Since fruits and vegetables contain a high level of their fresh weight as water. Subsequently, fruit show generally high metabolic 

movement when contrasted with other plant inferred nourishments, for example, seeds. This metabolic action proceeds with 

post-harvest and along these lines makes most organic products exceptionally transitory items. This perishability, with its 

intrinsic short time span of usability, that presents the best issue to the effective transportation and promoting of fresh fruits 

and vegetables.  Produce losses, in amount, can happen at any progression during the post- harvest chain, with significant 

financial part (Marta et al., 2014). In this manner, improvement of their timeframe of realistic usability would be of incredible 

assistance in diminishing postharvest misfortunes, maintaining a strategic distance from overabundances in the peak season 

and keeping away from trouble sale. This would likewise help in guaranteeing greater accessibility of fruits and vegetables 

without bringing extra land into production and getting higher monetary comes back to the farmers. 

The benefits of decrease in post-harvest losses are as under:  

1. Accessibility of fruits for longer durations.  

2. Better comes back to the fruit grower   

3. Increment production without bring any extra land into fruits  

4. Accessibility of fruits to the purchasers at low cost 

5. Better nutrition to the purchasers 

Reasons of Post-Harvest Losses  

Fruits are short-lived in nature as it contains 80-95% moisture, high rate of respiration, progressively surface area and delicate 

texture. High field heat on crops before harvesting, pests and diseases attack, lack of harvesting equipments, collection centers 

in major producing zones, appropriate containers, commercial stockpiling plants and absence of cold chain in complete post-

harvest handling are the potential purposes behind giving a reasonable media to the spoiling and senescence. 
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Control Measures: 

1. Growing of cultivars having better shelf-life. 

2. Adoption of proper/ suggested cultural practices for the production quality fruits free from pest infestation.  

3. Application of pre- and post-harvest treatment for the better-quality fruit production. 

4. Minimizing rough handling  

5. Integrated way to deal with post-harvest operations like harvesting at proper maturity, grading, sorting, expulsion of field 

heat, utilization of suitable packing materials.  

6. Appropriate packaging  

7. Refrigeration to limit growth of microorganisms and decrease enzyme activity. 

8. Efficient and viable transportation as per the domestic or export purpose.  

9. Better storage and marketing. 

Harvesting 

The correct phase of harvesting is concluded by to the utility of the fruit, for example, storage, marketing, processing and so 

on. Proper planning, good methods of harvesting and without mechanical wounds are determinants of fruits and vegetables 

quality (Atanda et al., 2011). The fruit ought to be harvested at a phase with the goal that it might reach to the customer at a 

perfect condition/quality. Immature and over mature collected fruits will give low quality and inconsistent ripening and poor 

shelf-life with more rot. The harvesting of the fruits ought to be done in the early morning hours or late in the evening. The 

great quality fruits are gotten just when harvesting is done at proper maturity without harming the fruits. 

Post-Harvest Operations 

In the wake of collecting, fruits ought to be kept in shade quickly with the goal that field heat may not aggregate and after that 

primary processing of fruits ought to be done, for example, cleaning, sorting, grading and evacuation of field heat. Appropriate 

packaging utilization of wax/oil emulsion are additionally potential ways required in diminishing the losses. 

Sorting and Grading 

Sorting is an activity where culled, unmarketable and sick fruits are expelled from the lot. This will give the better back to the 

producers by checking the spread of infection and categorizing the lot for various use. Grading is likewise a significant activity 

required for better return by productive promoting. It is commonly done manually in our nation based on color, size 

(weight/diameter). But presently mechanical graders have been created for apples and citrus fruits essentially for Nagpur 

oranges by certain agencies.   These tasks help the grower/contractor for better returns. By and large harvested fruits are moved 

to nearby/far off market for the dispose of without processing.  This outcomes into significant expense of packing and 

transportation on one hand and on the other hand it makes trash at the disposal point causing contamination. Along these lines 

before transportation the fruits must be processed which incorporates expulsion of undesirable material to lessen the amount 

to be transported for decreasing the cost transportation and easier handling. 

Cleaning and Washing 

It is done to expel the residue and microorganisms from the surface of the fruit. The washing of fruits ought to be done under 

running water (chlorinated) just in those cases which has gained latex stains such as mango and banana. It should be conveyed 

only if it is required totally and if it must be done than fungicides should be applied following washing.  

Post-Harvest Treatments 

The shelf life of the fruits can be stretched out by different post-harvest treatments:  

1. Chemical treatments: Growth regulators and fungicides applied as pre- harvest and post-harvest are useful to upgrade the 

shelf-life of many fruits. e.g. GA, cytokinin and ethereal etc.   

2. Waxes and oil emulsions: Effective in expanding the the time span of usability of different fruits. e.g. Kinnow, Apple etc.  
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3. Hot water treatment: Helps in controlling the ripening behavior and pest control, which drives the path for longer storability. 

e.g. Mango.  

4. Irradiation: Control the development of microorganism and alter the physiology of the fruits. The dose and span is vary from 

fruit to fruit.   

Packaging 

Means filling of containers for easy handling, transportation, storage and marketing. Depending upon the nature of crop, 

distance to be transported and necessity of the consumer the package is to secure the produce and keep up its quality. Natural 

material like baskets made up of bamboo, straw, palm leaves etc., mango, popular wood, CFB boxes, moulded plastics, paper 

and plastic films can be utilized as packaging material. 

 

Storage 

Storage is critical to make accessible the item for longer period. The act of the storage probably been developed during the 

hunter gather society. Containers made up of plastic material were likely first to develop to store the items. Shelf life of the 

fruit depend on storage condition as well as on type of fruit, maturity level, wounding and decay. 

Marketing 

Marketing in India is poor and orchardist will undoubtedly sell their produce at a through away cost through middle mans 

which are profoundly misused yet a few advancements has occurred for marketing the fruits like foundation of NDDB, Delhi, 

HPCMS, Bangalore and FRESH, Hyderabad, Apni Mandi, Punjab, Shetkari Bazar, Maharashtra, e-mandis and so on give fresh 

and graded fruits and vegetables to the consumers at a low cost and simultaneously gaining the profit.  
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Global climate change has already had observable effects on the environment. Glaciers have shrunk, ice on rivers and lakes is 

breaking up earlier, plant and animal ranges have shifted and trees are flowering sooner. Effects that scientists had predicted 

in the past would result from global climate change are now occurring: loss of sea ice, accelerated sea level rise and longer, 

more intense heat waves.  

Scientists have high confidence that global temperatures will continue to rise for decades to come, largely due to greenhouse 

gases produced by human activities. The Intergovernmental Panel on Climate Change (IPCC), which includes more than 1,300 

scientists from the United States and other countries, forecasts a temperature rise of 2.5 to 10 degrees Fahrenheit over the next 

century.  

According to the IPCC, the extent of climate change effects on individual regions will vary over time and with the ability of 

different societal and environmental systems to mitigate or adapt to change. The IPCC predicts that increases in global mean 

temperature of less than 1.8 to 5.4 degrees Fahrenheit (1 to 3 degrees Celsius) above 1990 levels will produce beneficial impacts 

in some regions and harmful ones in others. Net annual costs will increase over time as global temperatures increase. "Taken 

as a whole," the IPCC states, "the range of published evidence indicates that the net damage costs of climate change are likely 

to be significant and to increase over time." 

Future Effects 

Some of the long-term effects of global climate change in the World are as follows, according to the Third and Fourth National 

Climate Assessment Reports: 

1. Change Will Continue Through This Century and Beyond: Global climate is projected to continue to change over this 

century and beyond. The magnitude of climate change beyond the next few decades depends primarily on the amount of heat-

trapping gases emitted globally, and how sensitive the Earth’s climate is to those emissions. 

2. Temperatures Will Continue to Rise: Because human-induced warming is superimposed on a naturally varying climate, 

the temperature rise has not been, and will not be, uniform or smooth across the world or over time. 

3. Frost-free Season (and Growing Season) will lengthen: The length of the frost-free season (and the corresponding growing 

season) has been increasing nationally since the 1980s, with the largest increases occurring in the world, affecting ecosystems 

and agriculture. All over the world, the growing season is projected to continue to lengthen. In a future in which heat-trapping 

gas emissions continue to grow, increases of a month or more in the lengths of the frost-free and growing seasons are projected 

across most of world by the end of the century, with slightly smaller increases in the northern Great Plains. The largest increases 

in the frost-free season (more than eight weeks) are projected for the world, particularly in high elevation and coastal areas. 

The increases will be considerably smaller if heat-trapping gas emissions are reduced. 

4. Changes in Precipitation Patterns: Average precipitation of India has increased since 1900, but some areas have had 

increases greater than the national average, and some areas have had decreases. More winter and spring precipitation is 

projected for the Indian States. Projections of future climate over India suggest that the recent trend towards increased heavy 

precipitation events will continue. This trend is projected to occur even in regions where total precipitation is expected to 

decrease, such as the Southwest. 
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5. More Droughts and Heat Waves: Droughts in the Southwest and heat waves (periods of abnormally hot weather lasting 

days to weeks) everywhere are projected to become more intense, and cold waves less intense everywhere. Summer 

temperatures are projected to continue rising, and a reduction of soil moisture, which exacerbates heat waves, is projected for 

much of the western and central U.S. in summer. By the end of this century, what have been once-in-20-year extreme heat days 

(one-day events) are projected to occur every two or three years over most of the nation. 

6. Hurricanes Will Become Stronger and More Intense: The intensity, frequency and duration of North Atlantic hurricanes, 

as well as the frequency of the strongest (Category 4 and 5) hurricanes, have all increased since the early 1980s. The relative 

contributions of human and natural causes to these increases are still uncertain. Hurricane-associated storm intensity and 

rainfall rates are projected to increase as the climate continues to warm. 

7. Sea Level Will Rise 1-4 feet by 2100: Global sea level has risen by about 8 inches since reliable record keeping began in 1880. 

It is projected to rise another 1 to 4 feet by 2100. This is the result of added water from melting land ice and the expansion of 

seawater as it warms. 

In the next several decades, storm surges and high tides could combine with sea level rise and land subsidence to further 

increase flooding in many regions. Sea level rise will continue past 2100 because the oceans take a very long time to respond to 

warmer conditions at the Earth’s surface. Ocean waters will therefore continue to warm and sea level will continue to rise for 

many centuries at rates equal to or higher than those of the current century. 

8. Arctic Likely to Become Ice-Free: The Arctic Ocean is expected to become essentially ice free in summer before mid-century. 

Effects of Global Warming on South Asia 

The effects of global warming on South Asia include steady sea level rise, increased cyclonic activity, and changes in ambient 

temperature and precipitation patterns. Increased landslides and flooding are projected to have an impact upon states such as 

Assam. Ongoing sea level rises have already submerged several low-lying islands in the Sundarbans, displacing thousands of 

people. The first among the countries to be affected by severe climate change is Bangladesh. Its sea level, temperature and 

evaporation are increasing, and the changes in precipitation and cross boundary river flows are already beginning to cause 

drainage congestion. There is a reduction in fresh water availability, disturbance of morphological processes and a higher 

intensity of flooding. Regarding local temperature rises, the IPCC figure projected for the mean annual increase in temperature 

by the end of the century in South Asia is 3.3 °C with the min-max range as 2.7 – 4.7 °C. The mean value for Tibet would be 

higher with mean increase of 3.8 °C and min-max figures of 2.6 and 6.1 °C respectively which implies harsher warming 

conditions for the Himalayan watersheds. India's GDP could decline by up to 9%, due to shifting growing seasons for major 

crops such as rice, production of which could fall by 40%. Around seven million people are projected to be displaced due to, 

among other factors, submersion of parts of Mumbai and Chennai, if global temperatures were to rise by a mere 2 °C (3.6 °F). 

Potential Solutions 

There are many concrete steps which can be taken to address the threat of climate change. Incentives can be provided for 

electric vehicles or public transport and this curb the impact of the transportation sector. However, though these suggestions 

have been made, there is no political will to carry them out. Households can be given electricity and slowly phasing out LPG 

(the current trend is to increase the usage of the latter). Rainwater can be harvested and the rivers could be restored to their 

original flow so that they can bring back the wetlands and the natural ways of silt, nutrient and wildlife flow. All of these use 

technologies and can be implemented by the 11-year period the IPCC has stipulated before which any change must be made if 

we are to evade the adverse effects of climate change. So far, though the initiatives by the Delhi Metro to switch to solar power- 

or similar efforts by the Kochi airport-are a step in the right direction, such moves are few and far between. These models 

should be taken up by other agents as well. The latest accord, the 2015 Paris Agreement, takes a different approach. The 197 

signatory countries have promised to limit global temperature increase to just 1.5 °C over pre-industrialization levels, but each 

country has set its own targets. India, for instance, has promised to cut its emissions intensity (emissions per unit of GDP) by 

33-35% by 2030 compared to 2005 levels. 
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Introduction 

Soil erosion is a natural or anthropologically induces process which occurs with various factors like flowing water, winds, 

coastal waves and glaciers. It is a serious threat to socio-economic growth of the nation. Though, it is occurring since time 

immemorial. But over a period of time soil erosion has turned into a severe issue because of increased anthropogenic 

interventions and land degradation caused by it. Soil erosion is the process of detachment and transportation of soil particles. 

Detachment is the expulsion of soil particles from the soil mass and transportation is the movement of detached soil particles 

from their place of origin.  Deforestation, overgrazing, the extension of agriculture to marginal areas, road construction, land-

use changes and unscientific cultivation practices are the major factors which are responsible for causing accelerated water and 

wind erosion. 

Water and wind are two primary factors of soil erosion in India, where about 90 per cent of damage is caused by water alone. 

In case of erosion by water, soil detachment is caused either due to the impact of raindrops or runoff water which moves over 

the soil surface. The high striking velocities (up to 9 m/sec) and a larger size of raindrops generate strong hydro-dynamic force 

to detach a vast amount of soil particles. Soil particles get separated by erosive forces of Overland flow. The detachment caused 

by raindrops has a widespread effect including land degradation and loss of soil fertility. The rate of soil particle detachment 

alters because of variations in runoff, rainfall, topography, soil characteristics, and land cover conditions. Hence, climate, 

hydrology, structure, topography, soil surface conditions and mutual interactions of all these significant factors together 

determine the rates of erosion. 

Land degradation caused by water erosion is the most serious consequences in India which resulted in loss of topsoil and 

terrain deformation. When the raindrops hit the land surface, soil particles get separated from the soil mass, and it is named as 

splash erosion. Prolonged rainfall creates large amount of water flow in form of surface runoff which detach the topsoil from 

a large area. This is named as sheet erosion. Higher velocity of the runoff accompanying areas of higher slope and soft parent 

material create many finger-shaped channels all over the area. Such channels are created on the surface where water flows 

rapidly recognised as rill erosion. These rills may widen and deepen and turn into gullies if the erosion continues further. Gully 

erosion is a consequence of lateral and vertical erosion of rills. Sandy soils are more vulnerable to gully formation. Ravines of 

Yamuna and Chambal have been created in this pattern. Rate of erosion by flowing water is affected by the intensity of 

precipitation or in the coastal areas waves, volume and velocity of flowing water, land slope, sediment load, and nature of 

parent material and extent of vegetative cover. The water erosion is caused by the actions of – abrasion, solution or corrosion, 

attrition and hydraulic pressure. In the coastal regime tidal waves, sea waves, and tsunamis dash along the coast cause 

phenomenal destruction to the top soil. This is found most intensive along the Kerala coast. In the high-altitude areas of the 

Himalayas, glacier causes massive soil erosion.  

Wind erosion takes a very destructive form in arid and semi-arid regions, which lack vegetative cover. Wind erosion is the 

Removal of soil particles by winds. Wind erosion is caused by the processes of attrition and deflation. The rate of wind erosion 

is affected by wind velocity, amount of vegetative cover, dryness of the soil, and the particles size of soil. Higher wind erosion 

occurs when the wind velocity is high. Dry and barren soils are also more affected by soil erosion. Also, fine textured soils are 

more susceptible to wind erosion than coarser ones. Effects of wind erosion are usually seen in Rajasthan and the adjoining 

areas of Haryana, Gujarat and Punjab. 
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The Extent of Soil Erosion in India 

A lot of research work has been conducted on the extent of soil erosion in India, but the final figures vary from study to study 

(Table 1). Based on analysis of existing data on soil loss, as a first approximation, Narayana and Babu (1983) concluded that in 

India soil is eroded at an average annual rate of 16.35 tonnes per hectare which means 5334 million tonnes per year for the 

country as a whole. Out of this, about 29 per cent is permanently lost to the sea, nearly 10 per cent is deposited in reservoirs 

(which mean the storage capacity is reduced by 1-2 per cent annually). The remaining 61 per cent of the eroded soil is merely 

shifted from one site to another. 

Table 1: Estimates of the Extent of Soil Erosion in India 

Studies Area (million hectares) 

National Commission on Agriculture (1976)   150.0 

Sehgal and Abrol (1994) 162.4 

Sehgal and Abrol (1997) 167.0 

The National Bureau of Soil Survey & Land 

Use Planning (NBSS & LUP, 2005) 

146.8 

Singh et al., (1990) estimated that the average annual soil loss is about 15.2 tonnes per hectare and at the national level it 

amounts to about 4978 million tonnes annually. The annual erosion rates vary from region to region. In dense forests covers, 

snow-clad cold deserts and arid regions of western Rajasthan the annual erosion rates are less than 5 tonnes per hectare. On 

the other hand, about 64 per cent of the total soil is contributed by highly to very severely eroded areas, such as the Shiwalik 

hills (annual rate is more than 80 tonnes per hectare), the Western Ghats, black and red soil regions, ravines and other gully 

eroded areas and the north-eastern region. Based on iso-erodent lines, i.e. line joining the place of same erosion rates map of 

soil erosion in India was prepared by these scholars for the first time. The soil erosion data were tabulated according to the 

level of soil erosion (Table 2). Sehgal and Abrol (1994 and 1997) estimated that water and wind erosion in India extends over 

about 162.4 and 167.0-million-hectare area respectively and out of this about 91 per cent is water eroded area. 

Table: 2. Levels of Severity of Soil Erosion in India (Singh et al., 1990) 

Severity of erosion Annual soil loss range (tonnes 

per hectare) 

The share of total 

affected area (%) 

Annual loss of soil 

(million tonnes) 

Slight ≤5 24 401 

Moderate 5-10 43 1406 

High 10-20 24 1610 

Very high 20-40 5 640 

Severe 40-80 3 666 

Very severe ≥80 1 255 

Total 4978 

Sandy soils with limited organic matter and moisture are vulnerable to strong winds in arid and semi-arid regions of India. 

Wind erosion dominates in arid and semi-arid regions of the hot desert of India and its peripheral parts, cold deserts regions 

of Leh and coastal areas. Nearly 13.5-million-hectare area is affected by wind erosion. The National Bureau of Soil Survey & 

Land Use Planning (NBSS & LUP, 2005) reported about 119.2-million-hectare area suffering from soil erosion in India. The 

latest study by NRSA (2014) reflects that pattern of soil erosion in India based on interpretation of satellite imageries has a high 

similarity with studies conducted by scholars in the past without using satellite imageries. The water eroded areas are the most 

widely distributed. 
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Management of Soil Erosion 

Soil is the most precious asset of nature as it is essential for all life on earth. Only a productive soil base can ensure prosperous 

agriculture which in turn forms the basis of economic advancement and a higher standard of living in a society. Conservation 

and management of soils, therefore, is necessary to make economic development a sustainable process. Soil conservation 

includes mostly two types of measures, i.e. agronomical measures and engineering measures. In soil and water conservation 

programmes, the agronomical practices are counted as the first line of defence, the second is mechanical or engineering 

measures which are employed to check the soil erosion, immediately. 

Agronomical Measures 

Agronomical measure is a more economical, long-lasting and effective technique. These measures are adopted for less than 2 

% land slope which included contour cropping, strip cropping and mulching. 

1. Contour cropping: Contour Cropping is a farming practice, which is used on sloppy land to control soil erosion losses caused 

by water. Contour farming incorporates planting of crops across the slope.  

2. Strip cropping: Strip cropping is the method of growing strip of crops having decreased ability for erosion control, such as 

cereals, root crops, etc., alternated with strips of crops with great ability of erosion control, such as grasses, fodder crops, etc. 

3. Mulching: Mulches reduce impact of rain drop, minimize evaporation, control weeds, reduce temperature of the soil, and 

moderate increase microbial activity. Mulches help in reducing the energy of rain splash, prevent disintegration of soil 

structure, reduce the flow velocity and create obstruction for sheet and rill erosion. 

Engineering / Mechanical Measures 

Mechanical measures are construction of mechanical or engineering structures across the direction of flow of water to retain 

the runoff for reducing the soil as well as water loos. They generally adopted where the land slope in greater than 2 percent. 

These measures consist of Bunding and Terracing. 

1. Bunding: It is used for obstructing the path of surface runoff to reduce the velocity of flowing water and retains the runoff 

water in the watershed. Bunds are simply embankment like structures, constructed across the land slope (2-8 %), which are 

classified as Contour bunds (constructed along the contours with some minor deviation for high rainfall areas) and Graded 

bund (adapted for low rainfall area and constructed with some slope).  

2. Terracing: Terrace is an earthen embankment, built across the slope, to minimize erosion and control surface runoff. A terrace 

acts as an interruption to the land slope and splits the land into strips. In restricted widths of strips, the slope length obtainable 

for runoff is decreased. As, the soil loss is directly proportional to the square root of the slope length; i.e. by reducing the slope 

length, erosion can be reduced. There are two major types of terraces: bench terraces and broad-base terraces. Broad-base 

terraces are constructed where the main purpose is either to store or remove water on sloping land suitable for cultivation. On 

the other hand, primary purpose of bench terraces is to reduce the slope of land (16-33 %). 

Conclusion 

Soil erosion is a threat which resulted as interplay of physical and anthropogenic factors and causes loss of soil productivity 

and land degradation. The rates of soil erosion are significantly affected by Climate, hydrology, structure, topography, soil 

surface conditions, land use and land cover changes and interactions of all these significant factors. The dominances of water 

erosion are widespread, but wind erosion dominates mainly in the western part of the country. The average annual soil loss is 

about 16 tons per hectare or about 5 billion tons annually. 

Soil erosion has serious on-site and off-site impacts on the whole economy as it results into siltation in reservoirs, tanks and 

rivers. The depletion and degradation of soil base due to erosion is reflected in reduced agricultural production and 

productivity. To assess the extent of soil erosion over time and space, more frequent and standard database is required. The 

watershed management approach is the most common practice to control and prevent soil erosion in India. Soil conservation 

and management is prerequisite to achieve the goal of sustainable development. 
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Introduction 

Alfred Marshall developed the concept of elasticity of demand which measures the responsiveness of quantity demanded to 

changes in price. Elasticity of demand indicates the degree relation between quantity demanded and price. In fact, elasticity of 

demand is the rate at which quantity demanded changes because of change in price. To be more precise, elasticity of demand 

is defined as "the relative change in the quantity demanded to the relative change in the price". 

 

Types of Elasticity of Demand 

1. Price elasticity of demand (Ed): This shows the responsiveness of quantity demanded of a commodity, when price of that 

commodity change, with other factors being constant. 

Price elasticity of demand (Ed): 

2. Income elasticity of demand (EI): It measures the responsiveness of demand due to changes in the income of the consumers 

in terms of percentage, when other factors influencing demand viz. price of the commodity, price of substitutes, tastes, 

preferences, etc., are kept at constant level. 

Income elasticity demand (EI): 

3. Cross elasticity of demand (Exy): Demand for one good (X) is also influenced by the price of other related good (Y). These 

may be substitutes or complements. It is the ratio of percentage change in quantity demanded of commodity (X) and percentage 

change in price of related commodity (Y). 

Cross elasticity of demand (Exy): 

= 
%change  in  quantity  demand

%change  in  price
  (or)     =  

proportionate  change  in  quantity  demanded

proportionate  change  in  price

  (or)  =  
Change  in  quantity  

Initial  quantity
Change  in  price

Initial  price
 × 100

× 100/  

=  
% chage  in  quantity  demanded

% change  in  income
 (or)   = 

 proportionate  change  in  quantity  demanded

propornate  change  in  income

  (or) 

               =  

Change  in  quantity

Initial  quantity
 ×100

Change  in  income

Initial  income
 ×100
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Degrees of Elasticity of Demand 

1. Perfectly elastic demand: A slightest change in price of a commodity leads to an infinite change in quantity demanded. The 

demand in such a situation is said to be perfectly elastic. The demand is hypersensitive and the elasticity of demand is infinite.  

2. Perfectly inelastic demand: It is situation in which change in price of a commodity leaves the demand un¬affected. The 

price of the commodity may increase or decrease, but the quantity demanded remains the same. The demand here is insensitive. 

Elasticity of demand is zero.  

3. Relatively elastic demand: It means that lesser proportionate change in the price of a commodity is followed by a larger 

proportionate change in the quantity demanded. A small proportionate fall in the price is accompanied by a larger 

proportionate increase in demand and vice versa. Elasticity of demand is greater than unity. 

4. Relatively inelastic demand: It means that large proportionate change in the price of a commodity is followed by a smaller 

proportionate change in the quantity demanded. This is to say that a large. proportionate fall in the price is followed by a 

smaller proportionate increase in the quantity demanded and vice versa. Elasticity of demand is less than unity. 

 5. Unitary elastic demand: When a given proportionate change in price results in the same proportionate change in the 

quantity demanded of a commodity, the demand is said to be unitary elastic. A given proportionate fall in price is followed by 

the same proportionate increase in demand and vice versa. Elasticity of demand is one. 

Practical Importance of Elasticity of Demand 

1. Determination of wages: The elasticity of demand for labour plays an important role in the determination of wages. If the 

demand for labour is elastic, any pressure put up by labour in the form of strikes to get higher wages would be unsuccessful. 

On the other hand, if the demand for labour happens to be inelastic, even a threat of strike would help the workers to get the 

approval of their employers in raising their wages. 

2. The Elasticity of promotional activity: The producers are well convinced that the advertisement makes the demand for a 

product less elastic. Hence, they would not mind spending substantial amount of money on advertising, the price increase 

therefore will not reduce the sales. 

3. Determination of monopoly price: The monopolist considers the nature of demand for his product before fixing the prices. 

If the demand is elastic, a lower price would help him to realize more profits. On the other hand, if the demand is inelastic, he 

is in position to fix a higher price. The monopolist while practicing price discrimination also takes into account the elasticity of 

demand. He fixes a lower price for the product in the market in which the demand is less elastic or inelastic. 

4. Undertaking the public utilities: The government itself runs some enterprises or industries in the interest of people; 

otherwise they are subjected to exploitation by the private people. In the case of electricity, the demand is inelastic and it is 

very essential item in the lives of humans. In the interest of the public, electricity boards are run by the government to supply 

power at reasonable rates. 

= 
% Change  in  quantity  demanded  of  commodity  (X)

% Change  in  price  of  related  commodity  (Y)
   (or)     

=  
proportionate  change  in  quantity  demanded  of  commodity  (X)

proportionate  Change  in  price  of  related  commodity   (Y)
 (or)     

    =  

Change  in  quantity  (X )

Initial  quantity  (X )
  ×100

Change  in  price (Y )

Initial  price (Y )
 ×100
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5. Taxation: The nature of demand for a good helps the government, looking into the possibilities of raising the revenue. If the 

demand is less elastic for a good by levying more indirect taxes on the good, the government would get larger revenue. 

6. International trade: The country gains in the international trade by exporting those goods, for which the demand in the 

export market is less elastic and by importing those goods for which the demand is elastic. The less elastic nature of demand 

in the export market helps the nation to charge a higher price and pay fewer prices for those goods which are imported. 

7. Paradox of poverty in plenty: A bumper crop instead of bringing prosperity to the farmers, ruin their economic position. It 

is a common phenomenon in agriculture. The inelastic demand for the products in the years of bumper harvest brings down 

the prices, consequent to which the farmers fail to realize prices of normal years. 

Methods of Measuring Price Elasticity 

1. Total outlay or Expenditure method: In this method we compare total expenditure of the consumer before and after change 

in price. The elasticity of demand is unity when the total expenditure re¬mains unaltered even though, there is price change. 

The demand is said to be elastic when the total expenditure increases with fall in price and decreases with rise in price. Inelastic 

demand is observed when the total amount spent on the commodity by the consumer increases with increase in price and 

decreases with fall in price.  

2. Point elasticity of demand: It is a geometrical method for measuring elasticity at a point on the demand curve. Point method 

is used when price and quantity changes are extremely small. This method is applicable only when we possess information on 

the minutest changes in price and quantity. Measurement of point elasticity is shown in fig.  

 

A straight-line demand curve joining the two axes in considered showing the measurement of point elasticity. Elasticity at any 

point on the demand curve is the ratio of lower part of the straight line to the upper part. It is important to note that point 

elasticity of demand on straight line is different at every point. At any point to the right of midpoint (C) the point elasticity is 

less than unity, at any point to the left of midpoint the point elasticity is more than unity, and at mid-point (C) the elasticity is 

unity. At the point where the linear demand curve intersects Y-axis (A) the point elasticity is infinite, while at the point where 

the demand curve intersects X-axis (E), the point elasticity is zero. 

3. Arc elasticity of demand: The price elasticity of demand measured between two distinct points on a demand curve is called 

arc elasticity of demand. This method uses the mid points between the old and new data in the case of price and quantity. It 

studies a portion of the demand curve between two points. An arc is a segment or a portion of a curved line. Arc elasticity is 

employed in order to compute price elasticity co-efficient from the discrete data. The following formula is used to compute arc 

elasticity. 

Ed =   

𝑄1−𝑄2

(𝑄1+𝑄2)/2
𝑃1−𝑃2

(𝑃1+𝑃2)/2

  =  
∆𝑄/(𝑄1+𝑄2)

∆𝑃/(𝑃1+𝑃2)
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Where, Q1 stands for the first quantity observed, Q2 for second quantity, P1 is the first observed price and P2 is the second 

price. 

Factors Determining Elasticity of Demand 

Major factors that determine elasticity of demand are type of goods, goods having several uses, existence of substitutes, 

possibilities of postponement and range of prices. 
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West Bengal, India. 

 

Introduction 

Indian agriculture is at present confronted with a number of challenges including instability of productivity and diminishing 

sustainability of natural resources. India over several millenniums had been the treasure of biological wealth, intellectual 

knowledge and spiritual wisdom. These issues have evoked growing interest in the study of indigenous knowledge systems 

that are based upon the local resources. Since, information on ITK is seldom documented, it often happens that such 

information is lost, if not passed on from generation to generation or protected and practiced by the local people. The 

importance of indigenous technology and practice to sustainability is being brought through pooling of traditional knowledge, 

short listing and evaluating them in the context of modern scientific and technological environment and harnessing it for 

sustainable agriculture growth. A blend of indigenous knowledge and modern technology may be the most appropriate for 

sustainable development (Radhakrishnan et al., 2009). Indigenous practices in agriculture are organic in nature; never causes 

any damage to the air, water and soil, free from environmental pollution and safe to mankind. These practices are dynamic, 

region specific, depending upon soil type, rainfall, topography etc., and are often modified by the local farmers. Most ITK 

systems are eco-centric, objective as well as intuitive, and derived from the practical and innovative life of generations of 

indigenous people (Rajagopalan, 2003). These are also readily available, socially acceptable, economically affordable, and 

sustainable, besides involving minimum risk to farmers and consumers, and above all, resource conserving (Grenier, 1998). 

However, with the passage of time and with the advent of modern scientific knowledge systems, most of these useful 

traditional practices are continually being lost. In the context of agricultural sustainability, ITK is also required to be properly 

documented urgently for the benefit of researchers, planners and development officials. Validation of ITK is a logical step to 

qualify and quantity effectiveness of the practices. Suitable modifications of the local practices, through research and 

development will help to develop appropriate and acceptable technologies that are more suited to our farming situations. 

 

What is Indigenous Technical Knowledge? 

Indigenous knowledge is, broadly speaking the knowledge used by the local people to make their living in a particular 

environment. It can be defined as “A body of knowledge built up by a group of people through generations of living in close 

contact with nature. Indigenous knowledge is unique, traditional and local existing within and developed around the specific 

condition of women and men indigenous to a particular geographic area”. So, ITK is a community based functional knowledge 

system, developed, preserved and refined by the generation of people through the continuous interaction, observation, 

experimentation with their surrounding of the event. Thus, the need of ITK is its usefulness for the sustenance of the community 

in one hand as well as for the maintenance of genetic resources for continued survival of the community. It is usually a mistake 

to think of indigenous knowledge as old fashioned, backwards, static or unchanging. Indigenous knowledge provides 

opportunities for designing development projects that emerge from priority problems identified within a community and 

which build upon and strengthen community level knowledge systems and organizations. Indigenous technologies in 

agriculture are low cost, organic and ecofriendly in nature. Over generations of farming, farmers have been experimenting 

several indigenous alternatives to solve their problems in the farm and home. Indigenous people are the original inhabitants 

of a particular geographic location, who have a culture and belief system distinct from the international system of knowledge. 

Documented ITKs 

1. Insect-Pest management: 

a. Deep ploughing in summer is helpful in preventing from soil burrowing nematodes, white grubs, etc.  
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b. Burning of waste material in field to produce the heat. The heat which is produced by burning of waste material 

sterilizes the soil and kills the harmful microbes and controls damping off in nursery. It is practiced in late kharif and 

summer.  

c. For insect control, spraying of diluted onion or garlic juice is used by tribes to control grasshopper and other leaf 

inhabiting insects on crops. Spraying neem solution to control all type of insects in crop. The solution of neem leaf 

extract and water is ratio of 1:6.  

d. Fermented solution of 5 kg cow dung, 5 litre of cow urine, 150 gm lime + 100 litre of water are sprayed to control 

aphids, bacterial and viral diseases.  

e. Kerosene oil mixed water is poured in standing kharif crop field especially in rice field, and plants are thrilled by a 

long rope synchronously.  

f. Jatropha (Jatropha curcas) is planted as fence around the crop which repels goats and can serve as a strong fence 

against animals. 

g. A man like effigy made of rice straw wearing a dress and head covered with an earthen wear is made like a human 

head and used to keep in the centre of the field. The birds fly away because of human appearance in the field. 

2. Disease management:  

a. Tribal farmers use fermented solution of 5 kg of cow dung, 5 litre of cow urine, 150 gm lime + 100 litre of water to 

control khaira disease, bacterial and viral diseases in paddy.  

b. To control the papaha disease (tip burn) of paddy, farmers drain out the standing water from the field.  

c. Cowdung is mixed with water thoroughly and kept for 3- 4 hours till the course materials settle down. The solution 

on top is filtered and sprayed on paddy leaf for control of bacterial blight. Bactericidal action of cowdung helps to 

reduce the population of the bacteria (Xanthomonas sp.)  

d. To control blight disease, mahua (Madhuka indica) cake (100 g) is mixed with 1 litre of water. The extract is mixed 

with washing powder and spraying is done. Smoke of mahua is also used for bacterial blight. About 3% neem oil extract 

and 3% mahua cake @ 1:1 ratio is also prepared and sprayed for control of pests. 

3. Weed management: 

a. Nirai or godai method is used by the tribal farmers. In this method, they use khurpi for removal of weeds from field.  

b. Deep summer ploughing also known as Khurra-Bakhroni (ploughing) in summer or after rabi also exposes the weed 

seeds to sun and destroy them.  

c. Farmers of the research area use ploughing in standing crop. This is the most common method in low land paddy. 

Ploughing in the standing paddy crop of one fourth to one and a half month after transplanting is done in the water 

filled field. A narrow desi plough kud nagar is used for this purpose by which paddy crop is ploughed and it falls on 

field. Weeds are uprooted and get decomposed in soil. 

d. In some crops especially in kharif season, farmers use hand weeding as a method by uprooting the seeds from soil.  

e. Farmers of the area manually separate the weed seeds from the crop seeds/grains.  

4. Soil nutrient improvement: 

a. Tentemu leaf (Cassia tora) and jeelugu (Caryota urens) twigs are incorporated during second ploughing for better 

decomposition and utilization to improve soil fertility. 

b. Farmers apply 50 kg of neem cake in paddy field during puddling to control insect pests and improve soil fertility. 

c. Tribal farmers incorporate ash in the soil which is believed to reclaim the soil gradually and improves fertility. 

d. They apply soil from base of the hill to the cultivated fields to increase the water holding capacity and fertility of the 

soil. 

e. Laying of stone bunds around the fields across the slope for preventing soil erosion and for conserving moisture is 

practiced.  

5. Soil and water conservation: 

a. Agronomic measures: 

i. Intercropping and strip cropping 
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ii. Cultivation and sowing across the slope 

iii. Wider row spacing and deep intercultivation 

iv. Mixed and cover cropping, green capping and green manuring 

v. Criss –cross ploughing and hoeing with local hoes 

vi. Set furrow cultivation  

vii. Application of manure (FYM) 

b. Tillage: 

i. Conservation furrows with traditional plough 

ii. Deep ploughing and summer ploughing/ off-season tillage 

iii. Repeated tillage during monsoon season 

iv. Bunding & Terracing  

v. Vegetative barrier and growing of Saccharum munja and other grass plantations on field boundaries (filter 

strip), live bunding by raising Cactus 

vi. Stone bunding and compartmental bunding, peripheral bunding/ field bunding 

vii. Nala check with soil filled in cement bags 

viii. Conservation bench terrace and earthen bunds 

ix. Loose stone surplus and stone-cum-earthen bunding 

x. Stabilization of field boundary bund with Vitex negundo 

xi. Strengthening bunds by growing grasses 

xii. Bund farming of pulse crops in kharif under rainfed situation 

c. Land configuration: 

i. Use of indigenous plough for formation of broad bed & furrows 

ii. Furrow opening in standing crops by local implement hoe (Dawara) for moisture conservation 

iii. Levelling the plots by local leveller 

iv. Opening up set furrow and conservation furrow: Gurr 

d. Soil Amendment/ Mulching: 

i. Application of tank silt and ground nut shells 

ii. Sand and gravel mulching 

iii. Retention of pebbles and sunflower stalks on the soil surface 

iv. Mulching of Sal leaf in turmeric 

v. Crop residue application in the field 

e. Erosion control & runoff diversion structures: 

i. Sand bags as gully check and loose boulder checks 

ii. Waste weir (stone / sorghum stubbles) at the outlet of the field  

iii. Brushwood structure across the bund 

iv. Grassed waterways 

v. Spur structure and Nala plugging 

f.  Water harvesting, seepage control & ground water recharge:  

i. Harvesting of seepage water and seepage control by lining farm ponds with white soil 

ii. Dug wells as runoff storage structures 

iii. Rain water management using indigenous rain gauge 

iv. Farm pond and percolation pond / tank  

v. Ground water recharging through ditches and percolation pits. 
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vi. Haveli / Bharel system and Bandh system of cultivation 

v. Earthen check dams 

vi. Field water harvesting and rain water harvesting in Kund/ Tanka 

vii. Nadi farming system 

viii. Collection of sub-surface runoff water and recycling in Diara land 

ix. Rain water harvesting from roof top and road surfaces. 

Conclusion 

Indigenous technical knowledge plays an essential role in sustainable grassroots innovations. Such grassroots innovation 

largely differs across different sectors with respect to the characteristics, sources, actors involved etc. In many cases, the 

indigenous communities are not well aware of the value of their indigenous knowledge which has been passing from 

generation after generation. Actors such as scientific institutions and NGOs could play crucial role in this regard for capacity 

building among the indigenous community and popularization of traditional methods and techniques. In today’s context, there 

is an urgent need to evaluate and popularize indigenous innovation. Government schemes and Research and Development 

activities should reach indigenous innovators. As most of the traditional knowledge and technologies are undocumented, there 

is also a need for more research in this field. Otherwise, this valuable knowledge will be extinct in the near future. There should 

be a proper collaboration between indigenous knowledge and modern knowledge. Blending of ITK with scientific knowledge 

system is vital for sustainable intensification of agriculture. Scientific procedures can identify the active ingredients and could 

come up with appropriate recommendations in terms of effective application rates. It could be said that ITK provides solutions 

for low external input but intensive agricultural production. A systematic documentation and blending of available ITK 

facilitate the process in which researchers and farmers teach one another. ITKs and blended technologies can be an alternative 

to modern technologies involving high external inputs. 
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"GxE Interaction is not merely a problem, it is also an opportunity” Simmonds (1991) 

Introduction 

The yield factors that are of economic importance may be related to complex or oligogenic characteristics, and show a high 

influence of the environment. Because of this, in different breeding programs, various experiments are conducted in multi-

locations to evaluate grain yield. In these experiments, changes in the relative performance of the genotype in different 

environments are usually observed. This phenomenon is known as genotype by environment interaction (GxE). It is the rule 

of the most quantitative characteristics (Bernardo, 2002). The GxE interaction makes it tough to select out genotypes that 

produce high yields and that are more stable in breeding programs, this reduces the selection progress (Yan & Hunt, 1998). 

Genotypes respond differently across a range of environments i.e.; the relative performance of varieties depends on the 

environment.  

Stability refers as the ability of the genotypes to be consistent, both with high or low yield levels in various environments. Its 

two type i.e. static stability and dynamic stability. Static stability is the performance of a genotype does not change under 

different environmental conditions. Dynamic stability is the Response to environment is parallel to mean response of all 

genotypes in the trial. Adaptability refers to the adjustment of an organism to its environment, e.g., a genotype that produces 

high yields in specific environmental conditions and poor yields in another environment. 

Statistical Methods to Analyse the GxE Interaction: 

1. Combined ANOVA 

2. Multivariate methods 

3. Stability analysis: An analysis to estimate the adaptability of a genotype.  It included two model. 

Different Model for Stability Analysis are Given Below: 

Conventional model Regression coefficient model Principal component analysis 

Stability factor model 

 

 

finley and wilkinson model Additive Main effect and 

Multiplicative Interaction (AMMI) 

model (Gauch 1992) 

Ecovalence model 

 

Eberhart and russell model  

Stability variance model 

 

Perkins and jinks model  

Lin and binns model Freeman and perkins model  

 Genotypic stability model  

Ammi Model 

AMMI is a combination of ANOVA for the main effects of the genotypes and the environment together with principal 

components analysis (PCA) of the genotype-environment interaction (Gauch, 1988). AMMI models are usually called 

AMMI(1), AMMI(2), ….,AMMI(n), depending on the number of principal components used to study the interaction and 
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Graphical representations are obtained using biplots. The Additive Main effect and Multiplicative Interaction (AMMI) method 

proposed by Gauch (1992) is a statistical tool which leads to identification of stable genotypes with their adaptation behavior 

in an easy manner. In this method main effects are initially accounted for a regular analysis of variance and then the interaction 

is analyzed through principal component analysis. 

AMMI Is Applicable and Useful for Data: 

1. Structured in two-way factorial, with at least three row and three columns. 

2. Containing one kind of data, quantitative rather than categorical. 

3. Fitted by AMMI model reasonably well, as ordinarily happens when main effect and interaction are both significant. 

AMMI Model equation 

Where, 

1. Yij is the observed mean yield of the ith genotype in jth environmt 

2. μ is the general mean 

3. Gi and Ej represent the effects of the genotype and environment 

4. λk is the singular value of the kth axis in the PCA 

5. αik is the eigenvector of the ith genotype for the kth axis 

6. γjk is the eigenvector of the jth environment for the kth axis 

7. n is the number of principal components in the model 

8. eij is the average of the corresponding random errors. 

Analysis of Variance for Stability – AMMI Model 

Source Df SS MS F 

TOTAL  (ger- 1)    

Treatment  (ge -1)    

Genotype  (g -1)    

Environment  (e-1)    

Interaction (IPCA 1, IPCA 2, Residual) (g-1) (e-1)    

blocks (r-1)    

Error (r-1) (ge -1)    

 

Principal components usually the first principal component (CP1) represents responses of the genotypes that are proportional 

to the environments, which are associated with the GxE interaction without change of the range. The second principal 

component (CP2) provides information about cultivation locations that are not proportional to the environments, indicating 

that those are responsible of the GxE crossover interaction SS M. 

Feature of PCA 

1. It computes a genotype score and an environment score whose product estimate yield for that genotype in that environment. 

2. Usually grand mean is removed before calculating PCA.  

Biplot allow the observation, in the same graph, of the genotypes (points) and the environments (vectors), and the exploration 

of patterns attributable to the effects of GxE interaction. In the biplot, the angles between the vectors that represent genotypes 

and environments show the interaction, and the distances from the origin indicate the degree of interaction that the genotypes 

show throughout the environments or vice versa. Graphical representation of numerical results often allows a straight forward 

interpretation of GEI. The angles between the vectors that represent genotypes and environments show the interaction. 

Distances from the origin indicate the degree of interaction that the genotypes show throughout the environments. 
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Main Feature of AMMI Model  

1. Method for analyzing GEI to identify patterns of interaction and reduce background noise  

2. Combines conventional ANOVA with principal component analysis 

3. May provide more reliable estimates of genotype performance than the mean across sites 

4. Biplots help to visualize relationships among genotypes and environments; show both main and interaction effects. 

5. Enables you to identify target breeding environments and to choose representative testing sites in those environments. 

6. Enables you to select varieties with good adaptation to target breeding environments  

7. Can be used to identify key agroclimatic factors, disease and insect pests, and 

8. physiological traits that determine adaptation to environments 

9. A type of fixed effect, Linear-Bilinear Model. 
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Introduction 

In India, the growth of population is about 2% per year, it is essential that the food production should be increased more than 
2% per year to provide a better food intake. Available water resources in India as well as world are limited.  Indian Economy 
largely depends on agriculture. Indian agriculture contributes about 16.2% (2019-20) of India's gross domestic product (GDP) 
and provides employment to 50% of the country’s workforce. India is the largest producer of pulses, rice, wheat, spices and 
second largest producer of fruits and vegetables. In India, most of the agriculture area depends on rainfall for irrigation of 
crops. Water is very closely related to yield or production of crops. India have only 4% fresh water resources and feeds 17% of 
world population. It is possible only when the production of crops increases with available limited water resources. According 
to Indian Council of Agricultural Research (ICAR), per capita availability of water is estimated to decline further to 1,465 cubic 
meters by 2025 and 1,235 cubic meters by 2050. 
In India, more than 70% of the net sown area is dependent on rain. Rainfall in India varies from 100 mm/year in western 
Rajasthan to over 11,000 mm/year at Cherrapunji in Meghalaya. From the total area 1/3 of India is drought prone while 1/8 
is a flood prone. The average annual rainfall in India is about 1180 mm, which considered over the 329 million ha accounts to 
approx 400 million ha-metres. The contribution of snowfall in total precipitation is about 80-90 mm. From average annual 
precipitation about 70 million ha-m lost to atmosphere, 115 million ha-m flows as surface runoff and remaining 215 million ha-
m infiltrates into the ground. In India, it is expected that the 50% of irrigation water is supplied from ground water and 
remaining 50% from surface water like river, ponds, canal etc.      
Total cultivated land in India is about 140 million ha, out of this only 58.10 million ha land is actually irrigated. About only 
35% of total agriculture land in India is irrigated, which is a very serious issue over Indian agriculture as well as Indian 
economy. Out of 140 million ha a wide area about 42% cultivable land falls under drought prone area, and the problem is how 
we can reduce this area in India. Now a day, most of the countries of world facing the problem of drought or floods. Therefore, 
a single solution for such type of disasters is to make the maximum number of water storage structure in drought and flood 
prone areas and proper monitoring. During precipitation the water stores in structure and used it when drought situation 
arises. It reduces the evaporation from land as well as open water surface, is also a method of water resources management. 

Water Relation to Crop Yield 

The relationship between water availability and crop yield is directly proportional to each other. The basic resources for crop 
yield are water, soil and climate. Climate determines the suitability of a crop as well as availability of water for crop production; 
soil serves as the reservoir for water and nutrient. Sources of water required for crop is the precipitation, soil moisture available 
in the soil. The irrigation system is to be designed and managed to meet the crop water requirement to attain the optimum 
production of crop. 

Indian Economy Based on Indian Agriculture 

Agricultural and allied sectors are the important part of Indian economy, about 52% of jobs filled by these sectors. In India, 
about 70% population belongs to rural area and mostly depends on agriculture and allied sectors. The role of agricultural GDP 
in Indian economy is decreased from 57.7% in 1950 to 14.6% in 2018. 

Agriculture GDP in India 

Year GDP (%) % Decrease 

1950 57.7 39.67 

1960 41.31 4.80 

1970 39.93 20.78 
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1980 33.06 22.89 

1990 26.9 24.49 

2000 21.61 24.47 

2010 17.03 26.89 

2018 14.6 16.64 

Sources: World Bank 

Agriculture GDP in India 

Indian agriculture is facing several challenges such as high fluctuation of rainfall, climate change, soil erosion, drought and 

floods, variations in prices and production, decreased land holding and increased production cost, non-availability of product 

marketing and inadequate storage facility etc. The major problem or challenge in Indian agriculture is non-availability of water 

for irrigation. Average size of land holding in India is about less than 1 ha while, some areas it may be decrease to 0.5 ha. Now 

a day, the challenge is how to solve this problem of irrigation water, which results in yield loss every year. India is the second 

largest irrigated country in the world after the China, but only 1/3rd of cropped area is being irrigated every year. In areas 

especially tarai region, where the canal is available for irrigation, care must be taken against the over irrigation to control the 

problem of water logging in those areas. 

Opportunities in Indian Agriculture 

India possesses number of opportunities for the development of agriculture and its allied sector due to high domestic 

demand of agricultural product, fertile soil, increasing crop intensity and modified environmental cropping pattern with 

minimum water requirement. In areas where there is problem of water quality as well as availability should use micro 

irrigation system (drip and sprinkler irrigation system), focus on dry land farming and waste land development. Promote the 

farmers to use the drip and sprinkler irrigation system and save water up to 70% to 80% or more as compared to flood 

irrigation and border irrigation. 

Conclusion 

In India, increase in the population and decrease in the water availability are the main problems. So there is a need to increase 

water use efficiency, reduce the loss of water by evaporation, percolation and runoff, use the latest emerging technologies 

related to water conservation like green house, use of micro irrigation system like drip and sprinkler system and make the 

water harvesting ponds in areas where there is water scarcity problem. Focus on minimum use of water resources with 

maximum crop production by growing the crops which required less amount of water for irrigation. 
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Atmospheric CO2 is an essential compound for life on earth. Through photosynthesis plants obtain carbon for their growth 
and provide sustenance for other living things, ourselves included. In photosynthesis, solar energy is absorbed by a system of 
pigments, and inorganic atmospheric CO2 is fixed and reduced into organic compounds. Reduction of carbon is a major 
function of photosynthesis and is quantified by realizing that total plant organic matter is about 45% carbon on a dry weight 
basis. Rising atmospheric CO2 could benefit many economically important crops, especially C3; however, gains may or may 
not be realized in long-term growth because of the interaction of various environmental factors that complicate the issue. 
The physiological, biochemical, and molecular aspects of photosynthetic acclimation to rising atmospheric CO2 and interactive 
effects of elevated CO2 with anticipated simultaneous increases in air temperature and/or decreases in soil water availability 
on leaf photosynthesis. The reactions that are unique to C4 photosynthesis can be considered as an additional step to the 
conventional C3 pathway. They operate to transfer CO2 from mesophyll to bundle sheath cells through the intermediary of 
dicarboxylic acid and consequently increase levels of CO2 in bundle sheath cells specifically for refixation via Rubisco in the 
C3 cycle. By this additional metabolic pathway, C4 plants are able to concentrate CO2 in the Rubisco-containing bundle sheath 
cells to levels up to 3 to 20 times higher than atmospheric CO2. Photosynthesis by C4 plants is therefore near saturation at 
current atmospheric CO2, and a rise in atmospheric CO2 presumably may have little or no effect on C4 photosynthesis. CAM 
plants normally close their stomata during the day to prevent water loss. At night, stomata are open, and atmospheric CO2 
enters the cytoplasm of chloroplast-containing cells of photosynthetic leaf or stem tissues and combines with PEP, a product 
of glucan metabolism, via PEPC to form OAA. 
Many C3 species grown for long periods at elevated CO2 show a down-regulation of leaf photosynthesis, and carbohydrate 
source-sink balance is believed to have a major role in the regulation of photosynthesis through feedback inhibition. Source-
sink imbalances may occur during exposure to elevated CO2 when photosynthetic rate exceeds the export capacity or the 
capacity of sinks to use photosynthates for growth, resulting in an accumulation of carbohydrates in photosynthetically active 
source leaves. 
C4 plants represent only 1% of the total plant species. In many tropical regions, the food supply is primarily based on C4 plants, 
including grasses providing grains for many tropical diets and pastures and rangelands supplying forage for livestock. 
Sugarcane, maize, sorghum, millet, and amaranth are the most widely grown C4 crops. Causes of the observed growth 
stimulation by elevated CO2 on C4 plants remain uncertain, but factors that indirectly impinge on Rubisco may be involved in 
this enhanced growth. A reduction in stomatal aperture and conductance is a common response to a doubling of atmospheric 
growth CO2. This decrease occurs across a variety of C3 and C4 species, although there are cases of insensitive stomatal 
responses. The reduction in stomatal aperture and conductance explains the reduction in transpiration observed in plants 
grown under elevated CO2. This results in an improved water use efficiency (WUE) and tissue water status and a potentially 
increased growth and yield with no additional penalty in water consumption. Under water scarcity, improvement in WUE 
induced by elevated CO2 could delay soil drying and reduce drought inhibition of C4 vegetation and thus enhance growth, 
and this has also been suggested as a factor in the improved photosynthesis and increased biomass of some C4 species. Adverse 
growth conditions such as low nitrogen, high salinity or limited soil water availability may undermine the effectiveness of the 
CO2 concentrating mechanism by increasing CO2 leakage from the bundle sheath, thus making C4 species more responsive to 
elevated atmospheric CO2. Even a small, but consistent, percent stimulation in the CO2 assimilation rate throughout the 
growth season could account for the growth enhancement observed in the C4 species.  
The response of CAM plants to elevated atmospheric CO2 is less clear because studies examining the CO2 enrichment 
responses of CAM plants are limited, with varying results being reported. Plants of Agave vilmoriniana responded positively 
to CO2 enrichment only when water supply during growth was limited. 
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Often most of fruit crops must receive the specified amount of fertilizer, usually applied by workers using calibrated containers 

to deliver the required amount to each tree. Poor supervision may be one reason why fertilizer is not applied properly. This 

results in the incidence of some deficiency symptoms and reduce yield and profitability. A second problem is fertilizer pilfering, 

due to the wide ratio between the value of fertilizer and the cost of labour. Previously when there was no such development 

in science and technology several faulty methods were being followed for maintaining soil fertility. But these were time 

consuming, labour worthy. Again, a lot of fertilizers and others got lost due to leaching loss and volatilisation loss that 

ultimately lead to monetary loss. The faulty methods include broadcasting, placement, spot placement etc. 

Some Modern Methods of Nutrient Management 

1.Fertigation: Fertigation is application of fertilizers through irrigation system.   

a. Advantages: 

i. Increased nutrient absorption by plants and controlled weed growth. 

ii. Reduction of fertilizer, chemicals and water needed. 

iii. Reduction in leaching loss of chemicals into the water supply and less chance of soil borne diseases. 

b. Disadvantages: 

i. Low cost fertilizers cannot be used and the initial cost is very costly. 

ii. It also happens if the injection is not duly installed then clogging of drippers by fertilizers. 

Fig 1. Fertilizer application through drip system 

2. Hydroponics: 

a. It has been in recent trend. Hydroponics means cultivation in nutrient solution without using soil. The word 

hydroponics comes from two Greek words: hydro means water and ponos which means work.  

b. It is believed that the first use of hydroponic cultivation as a tool was in ancient Babylon which is a famous 

hanging garden. Hydroponics is becoming a very interesting alternative compared to traditional farming cultivating 

on soil. It can be used in regions where there is limited availability of arable land and in regions where there was an 

excessive use of the soil, causing imbalance of chemical and biological characteristics, and high infestation of plant 

pathogens.  

c. Pineapple, various melons, blueberries, raspberries and grapes are highly suitable.  
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d. Success story in India-The INSTITUTE OF SIMPLIFIED HYDROPONICS, Bangalore is proud to announce the first 

set up of the hydroponics commercial strawberry production system. This is the first pilot project and is expected to 

increase by hectares in couple of upcoming years. 

Advantages: 

i. There is increase in productivity and there is no need for crop rotation. 

ii. Reduced wetting of the leaf area thus no severe foliar diseases. 

iii. Plant uniformity in the development, early production and better NUE. 

Disadvantages: 

i. High initial cost and initial labour in setting up the structure. 

ii. Require more knowledge and training of employees. 

Fig. 2- Strawberry cultivation through hydroponics 

3. Aeroponics technique:  

a. Aeroponics is a farming technique involving plant cultivation in an enclosed chamber by aeration of roots through 

micro-spray of aqueous nutrient mist in every 2-3 minutes. 

b. Aeroponics is more advantageous than the conventional techniques of cultivation and these are more or less similar 

to hydroponics system. 

Fig 3- Aeroponics system setup 

4. Aerial fertilizer application: 

a. It has been used for years in the US, Australia and New Zealand for application of fertilizer to a vast area of fruits 

and plantation crops where manual application is not possible. First commercial trials for aerial fertilizer application 

was done in oil palm. 

b. Several types of agricultural aircraft have been tested, with carrying capacities ranging from 800 to 1,000 kg. Some 

of the present models of agricultural aircraft have the capacity of 2,000 kg. 

c. Equipment required for aerial fertilizer application includes the following: aircraft, loader, Global Positioning System 

(GPS), portable blender, and weighing equipment.  

d. A cement truck can be used to mix two or more fertilizers together to increase the rate of application and improve 

the efficiency of operation.  

Advantages: 
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i. Fertilizers are evenly applied over only on the targeted area. This may also reduce the losses as the timing of 

fertilizer application can be adjusted according to local weather patterns. 

ii. Nutrient loss due to leaching and surface runoff is less. 

Disadvantages: High cost of cultivation and mechanisation is required. 

Fig 4- Aerial mode of fertilizer application 

5. Nutriseed Packs: 

a. Nutriseed Pack Technology is a new method of crop production and an alternative method of fertilization developed 

by the Department of Soil Science and Agricultural Chemistry, TNAU, Coimbatore. Yield improvement is up to 10 to 

30 per cent.  

b. With placement of Nutriseed Packs build up in available N, P and K occurred in root zone soil up to the harvest 

stage.  

c. Farmers have to simply purchase them from village industries and use them right away. After implanting Nutriseed 

Packs in soil the entire nutrient requirement of fruit crop is taken care of. 

Fig 5- Application of nutriseeds to crop plants 

6. Injection system: 

a. There is a saying that “Fertilizer injection is the most effective way to correct tree nutrient deficiencies”. Inorder to 

avoid volatilisation and leaching loss direct application of the fertilizers in to the xylem vessels can be carried out. 

b. It has proved that this method could be beneficial in many of fruit crops like grape and mango by saving 90-95% of 

fertilizers. Moreover, it keeps the environment clean. 

Fig 6- Fertilizer application in mango trunk through injection system 
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7. Soil test-based crop response technique (STCR) 

a. The soil test-based fertilizer recommendation is the actual connecting link between research and its practical 

application to the practical fields.  

b. A fertilizers recommendation from a soil testing laboratory is based on carefully conducted and then after fertilizer 

recommendation is carried out. This technique has been getting momentum now-a-days for achieving high yield in 

many of fruit crops like banana, citrus, apple etc.  

Apart from the above cited methods several other techniques are also used like nutrient probe method, DRIS method, several 

bio-stimulants etc in order to increase the nutrient use efficiency of several fruit crops. No doubt the above said nutrient 

management are better than the conventional method but still these are yet to be applicable under a large scale due to following 

reasons. 

a. Small farm size and lack of success stories. 

b. Lack of govt subsidies.  

c. There is a huge gap between the technology generation and adaptation. 

d. Lack of experience and ignorance. 

However, in the coming decade if govt. as well as our farmers will be giving more priority to these application methods then 

definitely our production will reach the zenith even by overcoming China. 
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Some Modern Methods of Nutrient Management 

Rhizobium, a root nodule bacterium, has the ability to fix atmospheric nitrogen in symbiotic association with host legumes. It 

was estimated that a total of 175 million metric tons of N is fixed per year globally through biological nitrogen fixation (Gaur, 

2006) involving Legume- Rhizobium symbiosis.  Rhizobia invade the roots of legume plants through root hairs, form effective 

pink colored nodules in the tap or lateral roots and lives symbiotically inside the nodules to fix nitrogen to plant accessible 

forms. Rhizobium increases the availability of nutrients to the plant through biological nitrogen fixation in the rhizosphere and 

promote nutrients uptake. Some symbiotic nitrogen fixing Rhizobium strains show an antagonistic effect against soil-borne 

pathogens due to production of diverse microbial metabolites like siderophore and rhizobitoxin. Rhizobium has a great potential 

in controlling soil- and seed-borne diseases caused by Macrophomina phaseolina. The ability of rhizobia to inhibit certain soil-

borne plant pathogens has enlarged the importance of rhizobia besides their use in nitrogen fixation. The dual role of the 

species of Rhizobium in plant growth promotion and disease control is receiving increasing attention in sustainable agriculture. 

History 

The term “rhizobia”, in the strictest sense, refers to members of the genus Rhizobium. The family Rhizobiaceae in the 1984 

edition of Bergey’s Manual of Systematic Bacteriology, is composed of the rhizobia (at that time just including Rhizobium and 

Bradyrhizobium), Agrobacterium and Phyllobacterium. In 1888, Beijerinck reported isolation of the root nodule bacteria and 

established that they were responsible for this process of nitrogen fixation. He named these bacteria Bacillus radicicola 

(Beijerinck, 1888). Later, Frank changed the name to Rhizobium with originally just one species, R. leguminosarum (Frank, 1889). 

1. Rhizobium: The bacteria of the genus Rhizobium (family Rhizobiaceae) are genetically diverse and physiologically 

heterogeneous group of microorganisms that are nevertheless classified together by virtue of their ability to nodulate groups 

of plants of the family Leguminosae. This classification scheme is usually referred to as “cross-inoculatin” grouping. A cross-

inoculation group is a group of legumes in which one species of Rhizobium nodulates all the legumes within that group. 

Rhizobium are aerobic, gram negative, rod-shaped to pleomorphic, 0.5 to 0.9 µ in diameter and 1.2 to 3.0 µ long, and are motile 

by 2-6 peritrichous flagella. Optimal growth for most strains occurs in a temperature range of 25-30oC, and at 6-7 pH. Usually 

discrete, round colonies varying from flat to domed and even conical shaped on agar surface. Colonies usually have a smooth 

margin. When growing subsurface in the agar, colonies are typically lens-shaped. Colonies of Rhizobium may be white-opaque 

or they may be milky to watery-translucent. The opaque colony growth is usually firm with little gum, whereas the less dense 

colonies are often gummy and soft. 

2. Host-Rhizobium symbiosis: The mutalistic relationship between leguminous plants and nitrogen-fixing bacteria is one of 

the most important symbiosis known. Examples of legumes include soybeans, clover, alfalfa, beans, and peas. Rhizobia are the 

best-known nitrogen-fixing bacteria engaging in these symbioses. Infection of legume roots by nitrogen-fixing bacteria leads 

to the formation of root nodules that fix nitrogen. Nitrogen-fixing bacteria need oxygen(O2) to generate energy for N2 fixation, 

but nitrogenases are inactivated by O2. In the nodule, O2 levels are controlled by the O2-binding protein leghemoglobin. 
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Nodule Formation 

Bacteria encounter root; they are chemotactically attracted toward specific plant chemicals (flavonoids) exuding from root 

tissue, especially in response to nitrogen limitation. Bacteria attracted to the root attach themselves to the root hair surface and 

secrete specific oligosaccharide signal molecules (nod factors). Rhizobia in response to flavonoids release Nod factors, nod 

factors are sugars with specific signaling functions. Nod factors signal to a legume that Rhizobia are present in the soil and 

ready to live in nodules. In response to oligosaccharide signals, the root hair becomes deformed and curls at the tip; bacteria 

become enclosed in small pocket. Cortical cell division is induced within the root. After root hair curling, rhizobia form 

infection thread through which rhizobia enter into root cells and Infection thread penetrates through several layers of cortical 

cells and then ramifies within the cortex.   Cells in advance of the thread divide and organize themselves into a nodule 

primordium. The branched infection thread enters the nodule primordium zone and penetrates individual primordium cells. 

Impact on Host Nutrition 

Rhizobium inoculation increases the availability of nutrients to the plant and in the rhizosphere through process such as 

biological nitrogen fixation and promote nutrients uptake. Rhizobium enhances the plant growth through IAA production, 

uptake of phosphorus and other minerals. Seed inoculation with Rhizobium might have increased the nitrogen availability to 

plant by increasing the amount of nitrogen fixation. Rhizobium inoculation increased root through better root development, 

nodulation, more nutrient availability resulting in more nutrient in plant system leading to higher N, P and K uptake. 

Disease Control 

Biocontrol mechanisms of rhizobia may involve production of antibiotics, HCN and siderophores. Rhizobia also appear to 

influence the plant defence mechanism by stimulating the production of phytoalexins by plants. 

Production of Antibiotics 

Antibiotics produced by rhizobia have been found to play an important role in disease control. The secretion of peptide 

antibiotic trifolitoxin (TFX) by R. leguminosarum bv. trifolii T24 has been reported by Breil et al. in 1996. B. japonicum has been 

found to protect soybean crop against infection by M. phaseolina by the direct action of antibiotic rhizobitoxine. The inhibitory 

effect of Bradyrhizobium (Arachis) on M. phaseolina was due to rhizobitoxine production. 

Production of HCN (Hydrogen Cyanide) 

HCN, a secondary metabolite produced by several microorganisms, has deleterious effect on the growth of some microbes. 

Some rhizospheric microorganisms have been known to protect their host plants through the inhibition of growth of the 

pathogens by HCN production. Rhizobia are relatively less efficient in HCN production. 

Production of Siderophores 

Siderophores means iron chelating compound secreted by microorganisms. Some Bacterial species that produce siderophores 

like as Escherichia coli, Bacillus subtilis, Pseudomonas spp. and Rhizobium meliloti. Almost all facultative anaerobic organisms 

produce extracellular siderophores to overcome iron limitation for their growth. Siderophore production in iron stress 

conditions provides rhizobia an added advantage, resulting in exclusion of pathogens due to iron starvation. Rhizobium meliloti 

was able to inhibit the growth of Macrophomina phaseolina due to production of siderophores. 
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Introduction 

The word "semiochemical" derived from the Greek word "semeon," that means "signal" or "sign" and it is used from 1971. Based 

on the function of a semiochemical, they can be further divided into two groups viz., pheromones, and allelochemicals. Both 

major classes of chemicals are further subdivided on the basis of their function. The allelochemicals can be divided in to signals 

that benefits the emitter (allomones), the receiver (kairomones), or both (synomones) (Norduland et al., 1981). In pheromone, 

specially sex pheromones which are the chemicals they mediate communications between the sexes of the same species; 

primarily produced by females and to attract males, however several examples of male-produced pheromones are also 

reported. Other kinds of pheromones comprise alarm pheromones (awake other members of the same species to the presence 

of danger), trail pheromones (monitor social insects to distant food sources), aggregation pheromones (provoke and attract 

individuals of both sexes) and oviposition-deterring pheromones (inhibit females from laying eggs in the same resource as 

another female). Pheromones may elicit immediate behavioural response (‘releaser’ pheromones) or may facilitate more long-

term, physiological changes (‘primer’ pheromones). Primarily sex pheromones are not a single compound, but rather a blend 

of many compounds those must be present in the proper concentration and ratio to obtain the exact behavioural response 

(Norduland et al., 1981). All kinds of semiochemicals may be biologically active at very low concentrations, a fact that has often 

made their isolation and identification technically challenging. The first ever semiochemical to be chemically decoded was the 

sex pheromone of the silkworm moth (Bombyx mori) in 1959. Some of the important types of the pheromones are discussed 

below. 

1. Aggregation pheromone: The compound produced by one or both sexes that brings both sexes together for feeding and 

reproduction. These pheromones are most often to the order Coleoptera and Dictyoptera, i.e females of bark beetle 

Dendroctonus frontalis produce aggregation pheromone which attract both sexes. Likewise, males of phloem beetle Ips confusus 

integrate their pheromone in faecal matter which attract both males & females to the infested tree. The aggregation pheromones 

of following insects are adopted for monitoring or mass trapping the pests in India viz., rhinoceros beetle: Oryctes rhinoceros, 

red palm weevil: Rhynchophorus ferrugenius. 

2. Alarm pheromone: The chemical constituent released by insects to caution the members of the same species regarding the 

occurrence of or attack by an enemy (mostly a predator). Some instances are Aphids produce by cornicle, and Dysdergus sp. 

(Bug) by abdominal terga provokes dispersion or escape. Termites (soldier) from cephalic glands, ants from dufors gland 

provoke aggression and worker bee produced from sting glands help in attraction of the other individuals of the same species. 

3. Epidiectic pheromone: These substances are also known as oviposition marking pheromone, where female drag their 

ovipositor on the fruit surface immediately after egg laying to deposit a marking pheremone that prevents successive 

oviposition by other individual of same species (in case of fruit flies). 

4. Trail marking pheromone: These are the compounds of low persistence that are released and perceived by individuals in a 

trail. The Formica rufa uses formic acid as a trail marker to facilitate migration colony to new site for search of food.  
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5. Sex pheromones: These substances are commonly produced by Lepidoptera, Orthoptera, Dictyoptera, Coleoptera, 

Hymenoptera, Neuroptera and Mecoptera. Among these orders, sex pheromonal system is highly evolved in Lepidoptera. 

Pheromone producing glands: In Lepidoptera they are produced by eversible glands at the tip of the abdomen of the females.  

In general, the sex pheromones are used in various pest management activities like pest monitoring (low density), mass 

trapping technique (high density) and mating disruption technique (slow release formulations). 

Sex Pheromone for Monitoring 

Pheromones baited trap for monitoring pest population provides a highly sensitive means of detecting the insect pests with 

many advantages over conventional methods such as light trap and scouting programme. The economic threshold level of 

insect pests can be determined in terms of pheromones trap catches to deciding about the timing of insecticide application. 

Pheromone traps can be used to detect both the presence as well as the density at pest species. Insect population can be 

estimated and new area of infestation detect at a very early stage the trap catches may be used to forewarn regarding outbreak 

at important pest. Traps containing feeding attractants are used for example to monitor egg-laying by the navel orange worm 

in almonds or to detect the presences of fruit flies in orchard e.g. Helicoverpa armigera, Plutella xylostella. 

The Benefits of Pest Monitoring 

Reduced use of insecticides, lower hazards, lower residues in soil and foodstuffs. Minimal effect on beneficial insects and other 

non-target organisms. Better timed & targeted applications reduce costs and save time.  Less frequent spraying reduces the 

likelihood of resistance developing. 

Sex Pheromone for Mass Trapping 

Trapping with pheromone lures is a mechanical control action that consists of removing large number of pests in an area after 

monitoring step. The traps can be used concurrently with a killing substance (“lure and kill” strategy) which has the advantage 

of not being in direct contact with the crop. This technique is very much useful in stored product pest control (Phillips, 1997). 

The mass trapping is more congenial for adult insects with a well-developed ability to respond to attractants. The technique is 

mostly limited to protection of crops where the environmentally acceptable. Mass trapping is done by two way viz., 1) attract 

and kill 2) attract and infect or lure and infect. 

Sex Pheromone for Mating Disruption 

Various slow release pheromone formations have been developed which either permeate the air with relatively high level of 

pheromone so as to attain sensory adaption or provide various distinct point sources so as to mask trait following or to create 

false trail. When entire field is enclosed with the synthetic sex pheromone (PB-ROPEL), it will create confusion to the male for 

the mating. So, male will move towards the PB-ROPEL instead of female and try to mate with it. Finally, it gets exhausted and 

the male dies. This is called a male confusion technique. The mating disruption is to release sufficient sex pheromone over large 

area so that males cannot find and fertilize females, e.g., Helicoverpa armigera, Plutella xyllostella, Pectinophora gossypiella. 

Among all the three approaches, mating disruption is the most extensively used in pest management trailed by mass trapping 

as well as lure and kill. These three direct control approaches have been used mainly against lepidopteran pests. However, 

mass trapping has been used more against coleopteran, dipteran, and homopteran species, whereas lure and kill methods have 

been assessed more often against dipteran and coleopteran species. 

Advantages: 

1. Many of these chemical substances are more or less non-toxic to man and other domestic animals. 

2. These substances do not persist or accumulate in the environment and are degraded to simple molecules that are unlikely to 

cause problems of environmental contamination. 

3. Most of the semiochemicals are specific to species and have no adverse effect on predators and parasitoids. Among the insect 

growth regulator studies conducted so far indicates that these are also comparatively safe to natural enemies. 

4. Almost all of these substances are active at very low concentration. Reports shown that even a single molecule landing on 

the receptor of perceiving individual is capable of producing response. 
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Conclusion 

The semiochemicals are species-specific molecules that change insect actions, but are nontoxic to insects. In low doses also they 

are extremely active and are used to bait traps or confuse a mating population of insects. They can play a major role in 

integrated pest management for various agricultural, horticultural or forest pest problems in India. They serve major roles at 

all steps in the host-searching sequence of parasitoids. Hence, it is clear that multidisciplinary research work in the area of 

ecological chemistry is needed and will provide tools for sustainable methods for control of many insect pests. 
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Introduction 

India been gifted with rich biodiversity, varied types of soil, abundant rainfall and rich sunshine. This rich natural resource 

promotes cultivation of various agricultural crops across the country. Until the independence, there was continuous cultivation 

of agricultural crops from the time of earliest days of civilization, where a system of conventional farming based on innate 

wisdom and experience was practiced. Due to less population at that time, farming was not directed to maximize agricultural 

production. A method of natural farming which delivered soil nutrients and natural regeneration replenishment was practiced. 

The entire agricultural practices did not pose any problem to the consistence of the ecosystem and the production also sufficient 

to meet the necessities of the population. 

The adoption of conventional technique in agriculture practice is like threat/tumor to soil health. It poses fertile land to barren 

and push farmer under debt. Hence, the best way to cope up with this problem is by adopting Zero Budget Natural Farming 

(ZBNF). The word ‘budget’ implies to credit and expenses, therefore the phrase called ‘Zero-Budget’ means without expending 

any credit or spending money on purchased inputs. And the ‘Natural farming’ implies farming with nature by devoid of 

chemicals. Many theories on these aspects were proposed by Subhash Palekar which includes the principles and methods of 

ZBNF (Ruchi and akshaya, 2017). 

The term zero budget natural farming means eradicating chemical pollutants from the soil and generate a healthy ecosystem 

for crop cultivation. It implies to adopt the principles of nature and farming using free locally available elements and not using 

any commercially vended components. 

Many other low-input farming practices have emerged in pockets across the world promising reduced input costs and higher 

yields for farmers, chemical-free food for consumers and improved soil fertility. Zero Budget Natural Farming (ZBNF) is one 

such low-input, climate-resilient type of farming that encourages farmers to use low-cost locally-sourced inputs, eliminating 

the use of artificial fertilizers, and industrial pesticides. The natural farming was first promoted by the Japanese scientist and 

philosopher, Masanobu Fukuoka, who adopted it on his family farm in the island of Shikoku. 

History 

In India Mr. Subhash Palekar experimented natural system his farm and confirmed natural activities of the forest from 1989 to 

1995. About 154 research projects were running during this research work period. After continuous verified work of six years, 

defined the technique called zero budget natural farming (ZBNF), later he distributed to the other farmers throughout India. 

Definition 

The ZBNF or holistic agriculture is a method of agriculture that counters the commercial expenditure and things required for 

the growth of plant are present around the root zone. It is also defined as a set of natural farming methods where cost of 

growing and harvesting plants is zero. It believes in natural growth of crops without supplying any fertilizers and pesticides 

or any other foreign elements, and importantly it is different from organic farming.  

ZBNF according to Mr. Palekar’s, where eliminates the cost of fertilizers, pesticides and seeds which significantly reduces the 

incentive to borrow. Mr. Palekar trusts in already existing nutrients in the soil such as phosphate, potash, zinc and calcium 

available in absorbable form by the plants during crop cultivation. 

Some Unique Quality of ZBNF 
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1. In this technique no inputs borrowed from outside the farm. 

2. The necessary elements required for plant growth are available around the root zone of the plants. 

3. Nearly 98-98.5 per cent of the nutrients absorbed from air, water and solar energy.  

4. Left over 1.5 per cent of nutrients absorbed from the soil are also accessible for free of cost. 

Big Concept of ZBNF 

1. It is an approach towards sustainability with no expense for farming  

2. With one native cow it can be possible to farming up to 30 acres  

3. Less water consumption and minimum electricity for farming 

4. Good quality product with toxin free food  

5. An agriculture without external input and less labours 

6. Novel methodology for multi-crop cultivation to get higher net income  

7. Farming in accordance with nature and natural ecosystem 

8. Can safeguard farmers from self-suicide 

Principles of ZBNF 

1. Low Input farming: Because the production cost for the farmer is zero with no external inputs. As 1.5 to 2.0 per cent of the 

nutrients are absorbed from the soil by the plant, so no need to apply fertilizers because nature provide with free of cost.  

2. Natural input: It does not require any chemicals inputs or organic compost like vermi-culture (It is destructive according to 

Palekar) but encourages a natural catalyst of biological process in the soil and natural protection from pest and diseases. 

3. Soil mulching: It is necessary to create the microclimate under which micro-organisms can well develop, that is 25 to 32°C 

temperature, 65 to 72 per cent moisture. It develops darkness and warmth in the soil. It keeps soil humidity, cools it and 

safeguards its micro-organisms. Mulching encourages humus formation, inhibits weeds and maintains the water requirement 

of crops. 

4. Multicropping: It is a best way to reduce the risks for the farmer with yield throughout the year. In case of one crop failure 

he can also trust on the other crops and will expand farmers income sources. 

Desi Cow and their Importance In ZBNF 

They are the breed of cows and are backbone of ZBNF. From a century dung and urine of desi cows have been used in farming. 

One gram of desi cow dung contains 300 to 500 crores of beneficial microbes, they are acts as decomposers help to accumulate 

the biomass on the soil and from that nutrient available to the plants. A saying tells that one desi cow is sufficient to cultivate 

30 acres land. Conversely cross bred jersey and HF cows cannot be used in zero budget natural farming, though they produce 

more milk than desi cow but less beneficial microbes. 

Four Pillars or Wheels Of ZBNF 

ZBNF is fundamentally a mixture of techniques, which includes all the features of farming. Primarily, there are four important 

things were identified in ZBNF.  

1. First one is bijamrita implies seed treatment technique. It is an ancient practice, which was used by Indian farmers, trade 

seeds, before placing them to use. It primarily removes toxins and gives disease resistance to the plant. 

2. Next one is jiwamrita, approximation to the soil treatment technique? which helps to rejuvenate the soil heath with beneficial 

microorganisms, which play a important role in ZBNF. 

3. Third one is mulching, that helps to reserve the soil fertility and generates a favorable environment for microbes and other 

biological processes  

4. Final one is waaphasa use in tree plantation for soil enrichment. 
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ZBNF Application in Pest Management 

This technique also used in insect and pest management by natural way with a formula that can be used as and when required. 

Three important techniques in pest management are agniastra, bramhastra and neemastra. As per the prime principle that is 

zero investment promotes to use locally available ingredients for pest and disease management. Some of the natural prepared 

pesticides can be used in pest management are Jeevamrita, Beejamrita, Agniastra, Bramastra and Neemastra. 

Advantages of ZBNF 

1. Farmers will get direct financial savings by excluding commercially available chemical fertilizers and pesticides. 

2. Many researchers reported that plants of ZBNF are more tolerate to pest and disease, which reduce the labour required for 

crop maintenance over time. 

3. Over time the water retention capacity of the soil enhances which help promote crop to more resilient against drought and 

reduce water and electricity requirement for irrigation 

4. Due to its cent per cent natural method there are no negative impact on health of animals and environment. 

Conclusion 

The ZBNF technique not only works according to agronomic terms but also brings several social and economic profits. Because 

most of the farmers adopted this technique have reported, progress in yield, seed diversity, soil health, quality of produce, 

income and health, with zero cost for seeds, fertilizers and plant protection chemicals. The methods of ZBNF by Palekar have 

made a best landmark in Indian agriculture with main motto to promote organic farming. Approximately 40 lakh farmers 

benefitted across the country by adopting ZBNF which safeguard the crop against pest, disease and other abiotic factors, with 

natural supply of the crop needs (nutrients and growth promoters). Further, in-depth research needed to focus on the 

mechanism involved in pest and disease reduction, also by analyzing diversity of natural enemies in ZBNF. 
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Introduction 

The most common method of nematode control is the use of chemicals that either kill nematodes or inhibit their development. 

Chemical control methods have been used for thousands of years by the civilizations which had much less knowledge than the 

current population. The actual revolution in chemical nematicides happened during the 18th and 19th century when the 

industrial revolution required much more efficient nematode treatments in terms of scale, effectiveness and speed. To present 

days, chemical nematode control methods are among the major types of vermin extermination practices and despite the fact 

that nematicides often lead to serious health issues, chemical compounds are vastly produced and sold across the whole world. 

Plant-parasitic nematodes are most vulnerable during their active phase in soil when searching for the roots of host plants. 

Once endoparasitic species have penetrated a root, control with chemicals is more difficult as nematicidal compounds have to 

be non-phytotoxic and preferably systemic. So, the use of a nematicide creates the problem of determining whether the benefit 

arising from its application outweigh any risk which may arise from an untoward side effect; for it is doubtful if any biologically 

active substance could be so selective as to have no effect on non-target species at some dosage. The purpose of this chapter is 

to provide a brief overview of the types of nematicides, their fate in their environment, analytical considerations and their 

advantages, disadvantages. 

The Demand 

The elimination of nematodes from some crops is essential for certain export requirements, particularly of high-value 

horticultural products. Chemical treatment with fumigants or nematicides may be the only technique available, and from the 

plant quarantine standpoint it is important that their use is retained. The use of chemicals in protected cropping may still be 

preferable to other techniques such as steam treatment for economic and practical reasons. The use of soil-less growing media 

in some countries has resulted in a decreased demand for chemical treatments. In some European and African countries many 

horticultural and salad crops are grown in soil under polythene and soil treatment with methyl bromide, dazomet or non-

fumigant nematicides is widely practised. The cost of such treatments may be very costly per hectare per year and can only be 

justified if the crops are of high market value. 

Efficacy 

1. Fumigants: Several general-purpose fumigants give excellent control of nematodes in soil. The efficacy is related to their 

high volatility at ambient temperatures. All fumigants have low molecular weights and occur as gases or liquids. As they 

volatilize, the gas diffuses through the spaces between soil particles; nematodes living in these spaces are killed. Fumigants 

perform best in soils that do not have high levels of organic matter (which deactivates the toxicant) and that are free-draining 

but have adequate moisture. In general, fumigants are most effective in warm soils (12° to 15°C) as dispersion is temperature 

related. 

Methyl bromide, the most dangerous of the fumigants still in common use, has to be applied beneath a polyethylene sheet. In 

some countries this is done with specialized machinery that treats and covers the soil in one operation. The cover is removed 

some days later and the crop is sown or planted when all traces of the fumigant have dispersed.  

Liquid fumigants EDB, metham-sodium and 1, 3-D are applied to soil that has been prepared for planting. The soil surface is 

compacted with a roller after treatment which helps to seal the fumigant in the soil. Compounds releasing methyl 
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isothiocyanate (dazomet, metham-sodium) work best in soils at >15°C. In cooler soils, the period between treatment and 

planting may have to be extended to allow sufficient time for the product to disperse.  

The liquid fumigant DBCP is the only volatile compound that can be applied to growing plants without causing phytotoxicity. 

However, its manufacture has now ceased for toxicological reasons and its use is banned in many countries. 

2. Non-volatile nematicides: A number of organophosphate and oximecarbamate nematicides were developed in the 1960s, 

which had the advantage that application was relatively simple (Wright, 1981). As a consequence, nematicide use became more 

widely practised. These compounds (Table 1) are active at dosages of 2 to 10 kg a.i. /ha which are smaller than the 200 to 300 

litres/ha required for treatment with liquid fumigants. Most of the early formulations of these products were as granules that, 

when applied to the soil surface (or preferably incorporated in the top 10 cm of soil), release the active ingredient, which is 

spread through the soil by rainfall or irrigation. The efficacy of soil penetration depends on the amount of moisture, organic 

matter and soil structure. Heavy soils with relatively small pore spaces are more difficult to treat than sandy soils which have 

larger pore sizes. Some chemicals, particularly the organophosphates, are absorbed in organic matter, in which case efficacy 

may be impaired (Bromilow, 1980).  

In general, distribution of the active ingredient or its toxic degradation products is less efficient than that of fumigants and 

results with granular nematicides have sometimes been inconsistent. To be effective, nematicides have to persist long enough 

for nematodes to be exposed to lethal concentrations, which may be as low as 1 to 2m g/litre. Extended persistence is, however, 

not desirable if there is a risk of residues in the crop or the active compounds contaminating groundwater.  

Persistence of soil-applied nematicides depends on the soil characteristics. In warm countries, relatively high soil temperatures 

may accelerate the natural degradation of nematicides, and in protected crops where even higher soil temperatures than out-

of-doors may occur, the effective life of a nematicide might be as short as one to three weeks (Bromilow, 1980). The repeated 

use of products of similar structure can lead to the selection of a soil microflora that metabolizes these compounds and 

decreases their persistence. 

Texture of Chemical Nematicides 

There are chemical nematicides in different form. You can find it in liquid or harder form and each has its specifications, 

advantages and disadvantages. These are the most common forms of chemical nematicides. 

1. Granules / pellets: The nematicides are soaked into coarse particles such as ground corn or nut shells. This way the toxic 

chemicals come out slowly and have a residual effect. The environment is polluted not at once but instead much slower. Such 

type of nematicide is used against soil nematodes for more effective results and penetration into the soil. 

2. Dusts chemical nematicides: Inert particles such as ash, chalk and talk are used for making a nematicide in dust form. Their 

most comprehensive application is to disperse them directly onto the surface. Such a particle is usually so small and thin that 

they immediately stick to the body parts of nematodes. This makes it easier for the active chemical ingredient to start taking 

effect right after the moment of application. Dust chemical nematicides are very unsuitable for application in the open as they 

are very easily spread by the wind and get into the human body through the respiratory system. 

3. Soluble powders / Wettable powders: Those are chemical nematicides which are distributed in a powder-like form and 

require mixing them with water. Such foliar nematicides are described as wettable powders due to the ease of their 

transportation. 

4. Emulsifiable concentrates: Chemical nematicides based on emulsifiable concentrates do not have a residual effect on fruits 

and vegetable. They are mostly used in the form of sprays to treat nematodes in urban and industrial areas. In standard 

emulsifiable nematicides, the emulsifier is usually dissolved in an organic solvent and the chemical concentration is watered 

with higher amounts of water. 

5. Aerosols: Those are nematicides that have been produced and packed inside a spray can and have a solvent inside, added 

by the manufacturer. Such nematicides have a very long expiration date and are in most cases ready-to-use immediately after 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            582 | P a g e  
 

purchase. Some aerosols are designed specifically for fogging machines that are used by nematode control experts for 

fumigation services indoors and outdoors. 

Advantages of Chemical Management 

1. Effectiveness: Chemicals exterminate any nematode that hasn’t adapted to the deadly substance inside the agent. They 

eradicate fast and with an efficiency of up to 100%. Most are very easy to apply and can get in the way of nematodes that hide 

in small crevices and other hidings. 

2. Quick Effect: Some chemicals for nematode control kill slowly because of the active ingredient. However, most nematicides 

are designed to exterminate the vermin in less than 3-4 days, which is much faster compared to organic methods of nematode 

control such as importation or augmentation. 

3. Precise Targeting (localized): Contrary to biological nematode control methods, the chemical substances may target a 

specific area with high precision. On the other hand, if you release nematode-destroying bioagents, there is no control over 

their behaviour – they may spread wherever they want. 

4. Easy application: This one helps the customers a lot in their efforts towards nematode control with ready-to-use products. 

Most nematicides sold on the market are packed inside bottles, designed for easy use and application. They are readily available 

and spraying them on your crops takes few minutes and a little more time before that to read the instructions, which is 

something we highly recommend before using nematicides of any type. 

5. Improving productivity: Nematicides become more and more effective in time but sometimes at the cost of being more toxic 

and unsustainable. Efforts of scientists are made towards researching nematicides that cause lower pollution and side effects 

on human health. However, it’s difficult to achieve that because animal species evolve against the chemicals and more poison 

is required to exterminate nematodes that are resistant to the old forms of nematicides. 

Disadvantages of Chemical Nematode Control 

1. Promote evolution: We already mentioned this but it’s never useless to explain it further. The use of chemical nematicides 

stimulates the nematode to develop resistance to the chemicals used in the nematicides. The resistance is based on alterations 

in the genetics of the vermin and every future generation becomes increasingly nematicide-proofed. This works very well 

among rodents which produce several litters per year.  

2. Resurgence (non-precise targeting): Resurgence happens when the use of nematicides affects the environment and disrupt 

the organic nematode control. The most tremendous side effects of all are when beneficial microorganisms get killed by 

collateral damage after spraying with chemical nematicides. Another side effect of resurgence is when microbial  natural enemy 

of nematodes and predatory nematodes killed and they pray, mostly other nematode, no longer have a natural enemy and 

start to multiply so quickly that completely overwhelm entire agriculture. 

3. Persistent Organic Pollutants: POP, known as persistent organic pollutants, are extremely dangerous to the non-target 

organism but also affect the health of people by causing cancer, infertility or problems to the endocrine system. 

Impact of Chemical Nematicides on the Environment 

1. Surface water contamination 

2. Ground water contamination 

3. Soil contamination 

4. Air contamination 

5. Effects on plants 

6. Effects on animals 
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7. Direct impact on humans 

Conclusion 

In summary the widespread use of nematicides is ineffective and economically wasteful in the long run. Many nematicides do 

in the fact accomplish the intended task of controlling nematode populations.  However, their detrimental health and 

environmental effects make them an inadequate long-term solution.  In addition, most synthetic and natural nematicides are 

susceptible to ineffectiveness due to resistance buildup in nematodes.  Thus, the only viable solution for the future is integrated 

nematode management.  The economic benefits and reduced social costs of these systems present a logical answer to the 

nematode control problem. 
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Introduction 

Insect farming is a sustainable food production technology in which rearing, eating and breeding of insects as livestock. The 

insect species are domesticated as mini-livestock. The use of insects as food for humans or as feed for animals is alternative for 

the increasing high demand for meat. In recent years, members of the scientific community have been advocating sustainable 

harvesting of insects, as well as a shift from wild collection to farming selected insect species. 

Current Status of Insect Farming 

Insect farming is still manual farming technology. Currently, more than 150 species are sold in the markets of Bangkok. The 

insects most commonly used as animal feed are black soldier fly, housefly, locusts, silkworm, moths, cicadas, beetles, 

mealworms, flies, grasshoppers and ants. In USA and Europe, large scale crickets, mealworm and wax worm are using for the 

emerging insect- based food industry. Insect farming is now moving into western markets and developing technologically 

refined production systems. The French company Ynsect has raised $175 M for expansion and the USA edible insect market is 

predicted to increase by 43% in the coming five years. The concept and applications of new strategies are now gearing up and 

moving toward industrialization of insect products. China and Thailand have several insect farms but Thailand is a major 

leading country at insect farming and has approximately 20,000 food insect farms. The mostly commonly used insect are 

crickets and palm weevils in the Thailand. 

Nutritional Facts 

1. The insects have a higher quality of nutrition than macro-livestock in terms of protein, lipids, carbohydrates and vitamins. 

2. Mealworms have a higher content of protein (all essential amino acids), calcium, vitamin C, thiamine, vitamin A and 

riboflavin per kg than beef.  

3. The calorific value of 94 insect species, 50% were higher than soybeans, 87% higher than maize, 63% higher than beef and 

70% higher than fish (Premalatha et al., 2011). 

4. The efficiency of insect production higher than macro-livestock because of the feed conversion ratio means on average, an 

insect only needs 2 g of food per g of weight gained, whereas a cow needs 8 g of food (Vogel, 2010). 

Ento-products 

Nowadays, some global online shopping leaders like Amazon are selling numerous edible insect products for interested 

customers. Some ento-products are cricket powder/insect powder, chocolate-coated roasted crickets or mealworms, bug 

burgers, smoothies, crispbread pasta, insect lollipops, protein bars, bitters, insect infused beer and smoothies. 

Benefits of Insect Farming 

The major environmental and social advantages of insect farming over the macro-livestock production are as follows: 

1. Mini-livestock required less land and resources (water, feed, energy) for production of protein and other nutritional products 

2. The insects have high content of protein, fat anf minerals as compared to conventional livestock 

3. The emissions of greenhouse gases (CO2, NO2, CH4) are lower than animals 

4. They produce less ammonia than cattle or pigs 

5. They have high feed conversion efficiencies 

6. They are able to transform low-value organic by-products into high-quality food or feed. 
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Conclusion 

The insect forming is a sustainable and cheap source of protein, vitamins, fiber and minerals. So, this farming practice will 

become more important in the future as the food supply will decrease, government aid schemes will become more restricted 

and the human population will continue to increase, posing a serious threat of survival. 

Table 1. Name of Some Common Edible Insects 

According to the FAO, more than 1,900 species of insects are edible. 
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Sl.No. Scientific Name Common Name Sl.No. Scientific Name Common Name 

1.  Acheta domesticus House cricket 15.  Leptocorisa oratorius Rice bug 

2.  Hermetia illucens Black soldier fly 16.  Lethocerus indicus Giant water bugs 

3.  Anabrus simplex Mormon cricket 17.  Locusta migratoria  Locusts  

4.  Apis spp. Honey bees 18.  Oxya chinensis Chinese grasshopper 

5.  Arsenura armada Giant silk moth 19.  Patanga succincta Bombay locusts 

6.  Holotrichia parallela  Black chafer beetle 20.  Hypopta agavis Tequila worm 

7.  Bombyx mori Silkworm moth 21.  Piophila casei Cheese fly 

8.  Brachytrupes membranaceus Tobacco cricket 22.  Polyrhachis vicina Roger Black ant 

9. Brontispa longissimi Coconut leaf beetles 23.  Rhynchophorus ferrugineus Asiatic palm weevil 

10.  Crocidolomia pavonana Cabbage worm 24.  Gryllotalpa africana Mole crickets 

11.  Carebara vidua Smith Black ant 25.  Schistocerca gregaria Desert locust 

12.  Oecophylla smaragdina Red weaver ant 26.  Sphenarium sp. Grasshoppers 

13. Coloradia pandora Pandora moth 27.  Tribolium castaneum Red flour beetle 

14. Corcyra cephalonica Rice moth 28.  Odontotermes sp. Termites 
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Trichoderma spp. is well known bio-control agents and act as mycopesticides. They are used to control wide range of soil borne 

plant pathogens and nematodes. They are known to enhance growth, yield and nutrition, induce resistance in plants restore 

soil suppressiveness. Formulation of Trichoderma is done by both solid and liquid state fermentation. Solid-state fermentation 

of Trichoderma use grains like sorghum, corn, rye and millets used as substrates. In liquid fermentation, system generally used 

to produce spores from Trichoderma strains in broth cultures or liquid formulations, mainly in water and also in mineral or 

organic oils. 

Introduction 

Management of disease for economical important crops is very crucial to maintain the quality and quantity of the produce. 

There have been different strategies adopted to prevent and control plant diseases. Non-judicious use of broad-spectrum 

fungicides against target fungal pathogens by farmers imposes undesirable impacts on non-target organisms. However, 

biological methods of disease control by use of Trichoderma spp are efficient, eco-friendly, cost effective and safe for human 

health. Trichoderma spp. has biocontrol activity against various aerial, root and soil pathogens of economic importance. It 

belongs to genus Deuteromycotina and family Hyphomycetes and has five species viz., Trichoderm akoningii, T. harzianum, T. 

pseudokoningii, T. longibrachiatum and T. viride. It enhances growth in various crops viz., cucumber (Cucumis sativus), bean 

(Phaseolus vulgaris L,), carnation (Dianthus caryophyllus), pepper (Capsicum annum L.), wheat (Triticum aestivum) and maize (Zea 

mays L.). About 90 % different strains of Trichoderma are being used as bio-control agents. Trichoderma Genus is free living 

filamentous fungi that reproduce asexually. It is a good biocontrol agent as it is widely spread, strong opportunistic invaders, 

avirulant plant symbionts, competes for food and act as mycoparasite. Trichoderma occurrence is worldwide and is commonly 

found associate with root, soil and plant debris, forest humus and orchids. 

Trichoderma as Disease Management 

Trichoderma spp. is well known bio-control agent. They are used to control wide range of soil borne diseases caused by fungi 

viz. Pythium, Phytophthora, Fusarium, Botrytis, Gaumannomyces, Armillaria, Rhizoctonia, Macrophomina, Sclerotium, Sclerotinia, etc. 

in several crops (Cook and Baker, 1983). Among the Trichoderna spp., T. viride, T. harzianum and T. hamatum are the most 

commonly used bio-control agents. 

Trichoderma as Plant Growth Promoter 

Apart from controlling the plant pathogens, Trichoderma spp. also increases the plant growth, act as bio-fertilizer and stimulates 

the defense mechanism in plant (Harman et al. 2004). Improvement in seed germination of chilli and soybean was noticed 

through priming with different isolates of Trichoderma spp. Enhanced growth response induced by Trichoderma sp. has been 

reported for many crops such as beans (Phaseolus vulgaris), cucumber (Cucumis sativus), pepper (Capsicum annum), carnation 

(Dianthus carophyllus), maize (Zea mays) and wheat (Tritichuma estivum). 

Trichoderma as Induce Resistance 

Induced systemic resistance is believed to be one of the most important mechanisms of bio-control effects of Trichoderma 

(Harman, 2006). Trichoderma spp. are not only fast growers that produces large spores but are also opportunistic invaders that 

stimulates hypersensitivity and induces systemic acquired resistance and induced systematic resistance in host plants.eg. T. 
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harzianum application on pepper against Phytophthora capsici improved production of the phytoalexin scapsidiol toxic to 

pathogen (Ahmed et al., 2000). 

Trichoderma as Bio-remediation 

Trichoderma strains play an important role in the bioremediation of soil that are contaminated with pesticides and herbicides. 

They have the ability to degrade a wide range of insecticides i.e. organochlorines, organophosphates and carbonates. 

Bio-control Mechanisms of Trichoderma spp. 

The genus Trichoderma comprises a great number of fungal strains that act as bio-control agents, the antagonistic properties of 

which are based on the activation of multiple mechanisms. The mechanism by which the strains of Trichoderma function directly 

is mycoparasitism and the mechanisms by which they act indirectly are antibiosis (Harman et al., 2004), modification of 

environmental condition, tolerance to stress through enhanced root and plant development, induced  systemic resistance 

(Kloepper et al., 1997), solubilization and sequestration of inorganic nutrients and inactivation of pathogen enzymes etc. (Vinale 

et al., 2008). These indirect and direct mechanisms may act independently or co-ordinately and their activities can results in 

the suppression of plant pathogens. Of these bio-control mechanisms, mycoparasitism, antibiosis and competition are the most 

common weapons of Trichoderma used against the fungi. 

Antagonistic Activities by Mycoparasitism 

During the process of mycoparasitism, the hyphae Trichoderma spp. either penetrate pathogen physically, grow inside the 

pathogen hyphae or secrete different lytic enzymes such as chitinase, glucanase and pectinase at the time of penetration 

(Harman et al., 2004). Such type of mycoparasitic interaction of T. harzianum against Fusarium oxyporum, F. roseum, F. solani, 

Phytophthora colocacae and Sclerotium rolfsii have been observed. 

Antagonistic Activities Through the Production of Extracellular Enzymes 

The possible mechanisms involved in antagonism of Trichoderma spp. have been studied intensively in terms of enzyme 

production. Trichoderma spp. secrete cascade of hydrolytic enzymes like polysaccharide lyase, β-1,3- glucanase, chitinase, 

cellulase, pectinase, protease and lipase that cause degradation of host cell wall and disorganization of the cell components 

(Benitez et al., 2004).  

Chitinase and cellulase activities in Trichoderma isolates were found to vary in normal / wild and mutated isolates. Enhanced 

chitinase activity was thought to be one of the important bio-control activities of Trichoderma against pathogens. 

Antagonistic Activities Through the Production of Volatile and Non - Volatile Antibiotics 

The Trichoderma spp. are known to suppress or inhibit the growth of  pathogen in the rhizosphere through the production of 

various types of volatile and non- volatile antibiotics (e.g. acetaldehyde, anthraquinones, alamethicin, butenolides, dermadin, 

ethanol, harzianic acid, gliovirin, gliotoxin, isocyano metabolites, massoilactone,  6 - n - pentenyl - 2H - pyran, 2 - one pyran,  

peptaibols antibiotics,  trichobrachin, tricholin, trichodermin, trichothecin, trichoviridin, viridian, viridin, viridofungins, 

viridopyrone etc. which have direct effect on other organisms including pathogens (Di Pietro et al., 1993). 

Competition and Rhizosphere Competence 

It is the capability of Trichoderma to compete with other microorganisms to 

colonize the root surface and compete with them for nutrients secreted by roots 

in rhizospheric soil. 
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Methods of Formulation 

Trichoderma formulation is formed by both solid and liquid state fermentation. In Solid-state fermentationis grains like 

sorghum, corn, rye and millets used as substrates. These grains were inoculated with Trichoderma spp. and incubated for 10 to 

15 days. After the incubated period, these grains crushed and made powder and mixed in sterilized talc powder in the ratio of 

1:9. The finally processed product may use for soil and seed treatment.  

In liquid fermentation, liquid media, Trichoderma Selective Medium along with mannitol, molasses and potato jaggery media 

were found very effective for the mass multiplication of Trichoderma spp. After testing and using a standardized method, 

products are ready for packaging as well as transportation for purposeful utilization (TNAU) 

Method of Application 

In seed treatment, mixing 6 - 10 g/ seed of Trichoderma powder before sowing. For nursery, apply 10 - 25 g/100m2 of 

Trichoderma formulation nursery bed. Mix 10g of Trichoderma powder along with 100g of well rotten FYM per liter of water and 

dip the cuttings and seedlings for 10 minutes before planting. Mix 1kg of Trichoderma formulation in 100 kg of farmyard manure 

and cover it for 7 days with polythene. Sprinkle the heap with water spasmodically and turn the mixture in every 3-4 days 

interval and then broadcast into the field. In standing crop condition may drench the soil near stem region with 10g Trichoderma 

powder mixed in a liter of water. Avoid the chemical fungicide after application of Trichoderma for 4-5 days. Adequate moisture 

is good for the growth and survivality of Trichoderma, avoisthe use of Trichoderma in dry soil. After the seed treatment, don’t 

put the treated seeds in direct sun rays. 

Compatibility 

Trichoderma is compatible with organic manures, bio-fertilizers i.e. Rhizobium, Azospirillum, Bacillus Subtilis and Phospho bacteria. 

Trichoderma can be mixed to seeds treated with metalaxyl or thiram but not mercurial. 

Conclusion 

Trichoderma spp. have a lot of qualities and they have immense potential use in agriculture such as amend induce resistance, 

diseases management, improving physiological response to stresses, improving uptake of nutrients in plants and assisting to 

improve photosynthetic efficiency. 

References 

1. Ahmed A. S., Sanchez C. P., and Candela M. E. (2000). Evaluation of induction of systemic resistance in pepper plants 

(Capsicum annuum) to Phytophthora capsici using Trichoderma harzianum and its relation with capsidiol accumulation. Eur. 

J. Plant Pathol. 106:817-824. 

2. Benitez T., Rincon A.M., Limon M.C. and Codon A.C. (2004). Biocontrol mechanisms of Trichoderma strains. Int. Microbiol. 

7: 249-260. 

3. Cook R.J., and Baker K.F. (1983). The Nature and Practice of Biological Control of Plant Pathogens. (St. Paul, MN: APS 

Press). 

4. Di Pietro A., Lorito M., Hayes C.K., Broadway R.M. Haman E.L. (1993). Endochitinase from Gliocla- dium virens: isolation, 

characterization, and synergistic antifungal activity in combination with gliotoxin. Phytopathology. 83:308-313. 

5. Harman G.E. (2006). Overview of mechanisms and uses of Trichoderma spp.  Hytopathology. 96: 190-194.   

6. Harman G.E., Petzoldt, R., Comis A. and Chen J. (2004). Interactions between Trichoderma harzianum strain t22 and maize 

inbred line mo17 and effects of these interactions on diseases caused by Pythium ultimum and Colletotrichum graminicola. J. 

Phytopathol. 94: 147-153.  

7. Kloepper J.W., Tuzun, S., Zehnder G.W. and Wei G. (1997). Multiple dis-ease protection by rhizobacteria that induce 

systemic resistance– historical precedence. Phytopathology. 87: 136–137  

8. Vinale F., Sivasithamparam, K., Ghisalberti E.L., Marra R., Woo S.L. and Lorito M. (2008).  Trichoderma–plant–pathogen 

interactions. Soil Biol. Biochem. 40: 1-10. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            589 | P a g e  
 

Crop Residue: An Alternative Uses and Mechanization Options to Avoid Burning in Rice-

Wheat Cropping System 

Article id: 23803 

M. Sharath Chandra: Ph.D Scholar, Department of Agronomy, Sardar Vallabhbhai Patel University of Agriculture and 

Technology, Meerut (U.P)-250110, India. 

D.Geethanjali: Ph. D Scholar, Department of Plant Breeding and Genetics, Assam Agricultural University, Jorhat, Assam, 

India. 

Shaikh Wasim Chand: Ph. D Scholar, Department of Agronomy, Vasantrao Naik Marathwada Agriculture University, 

Parbhani, M.H, India. 

 

Abstract 

Crop residue (CR) plays an important role in sustainable agriculture without scarifying productivity and improves the physical, chemical 

and biological properties of the soil. Crop residue can partially substitute the fertilizer nutrient but not replacing them completely. However, 

indiscriminate use of natural resources and over use of agro-chemical including fertilizers etc., food grain production may stagnate in 

future. Besides, technological advances and use of machinery for crop harvesting leave behind large quantities of crop residue, which is 

burnt by farmers as cheap and easiest method with misconception, that burning of crop residues enhances soil fertility and helps in control 

weeds, insects and pests. From several studies, it is concluded that burning of crop residues result in heavy loss of soil nutrient, emits large 

emission of submicron aerosols and trace gases like carbon dioxide (CO2), sulphur dioxide (SO2), carbon monoxide (CO) and smoke, thereby 

posing problem to environment and human health along with creating scarcity of fodder, as well as increase in price of fodder. Thus, if 

residues are managed properly, then it can warrant the improvements in soil properties and the sustainability in crop productivity. 

Introduction 

In general, Crop residues are plant parts left in the field after crops have been harvested and threshed. These materials have 

been regarded as waste materials requiring disposal, but it is being increasing realized that they are important natural resources 

and not wastes. The recycling of crop residues has the advantage of converting the surplus farm waste into useful product for 

meeting nutrient requirement of crops. It also maintains the soil fertility and improves the overall ecological balance of the crop 

production system. Most farmers remove wheat straw for feeding the animals. However, management of the rice straw is a 

major challenge as it is considered to be a poor feed for the animals owing to high silica content. Combine harvester leaves 

behind a swath of loose paddy residue, which interfere with drill sowing of wheat. To avoid this problem farmers resort to 

burning of crop residue, which not only lead to loss of huge biomass but also cause environment pollution. So, there is a need 

to adopt ways and means to manage this valuable resource.   

The paddy crop residue is burnt in-situ which is a common management practice in North India viz., Punjab, Haryana as well 

as Uttar Pradesh. Whereas, in rest of the country viz., Gujarat, 

Maharashtra, Tamil Nadu, Bihar, Assam, West Bengal and Jammu & 

Kashmir uses it as cattle feed, thatching for houses in rural areas, fuel for 

domestic cooking and industry, mulching material, compost making, 

power generation, biofuels and in boilers for parboiling paddy (Roy and 

Kaur, 2016). 

The main causes of crop residue burning are the time available between 

the rice harvesting and wheat sowing is very narrow and in the range of 

20-30 days at the end of the kharif season. Paddy is a water intensive crop 

and the high usage of water in its paddy cultivation can legally begin only 

around Mid-June, when the monsoons typically arrive over North India. 
Crop residue burning in farmer’s field. 
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During harvesting of paddy crop, the large units of harvesters leave 6-

10 cm of paddy stalk on the field and the removal of the paddy stalk 

that remains in the field is a labour-intensive process. 

Management Practices & Alternative Uses Relating to Crop 

Residue: 

1. Paddy/ Wheat residue management: Unlike wheat residue, rice 

straw cannot be utilized as fodder in the region. Leaving the residue on 

the field isn’t viable for farmers as it takes too long to degrade and can 

also transmit crop disease that may have occurred during the preceding 

paddy season. On the other hand, while sowing wheat in the midst of 

the stubble using a machine called happy seeder is possible, it has been 

adopted widely due to technical issues in operations, unavailability of 

machines and price issues. There are also off field end-use options for 

paddy residue including biomass of energy, mushroom production, 

cardboard/ paper making etc. Mechanization of crop residue management though most of these practices prevent soil damage 

that releases carbon and water into the atmosphere; promote soil and water conservation and increase productivity. Mechanical 

harvesting has become widespread because of displace or substitute for labour shortages.  

2. Surface retention and mulching: Mulching as a residue is known to cause problems in early wheat cultivation. It is also 

difficult by combine harvester, so straw management system is used to make mulching a more viable option is yet to be widely 

adopted by farmers as it entails fuel and other expenses. Direct drilling in surface mulched residues is a practice that leaves 

straw residues from a previous crop on the soil surface without any form of incorporation. The large volume of residues 

remaining on the surface often leads to mechanical failures, thus affecting sowing of seeds of the following crop. Farmers 

usually follow this method where no-till or conservation tillage practices are prevalent. Surface retention of the residues may 

be the best option, it decomposes slowly on the surface, increasing the organic C and total N in the top 5-15 cm of soil, while 

protecting the surface soil from erosion. Retention of residue on the surface increased soil NO3 concentration by 46%N, uptake 

by 29% and yield by 37% compared to burning. The benefits of retention of crop remains on soil surface are i) lesser weed 

growth, ii) saves weedicide cost, iii) improves physical, chemical and biological attributes of soils, iv) recycling of plant 

nutrients, v) lowering fertilizer use in the next successive crops. 

3. Farm mechanization and crop residue management: Resource conservation technologies (RCTs) based farm machinery 

provides a better promise in managing paddy residues for improving soil health, productivity, reducing pollution and 

achieving sustainable agriculture. For direct seeding of successive crop in loose and anchored straw load upto 10 t ha-1, advance 

technology of zero-till seed –cum- fertilizer drill/seed planters were available in the country. These technologies are valuable 

for managing crop residue for controlling of weeds, conserving soil moisture content and nutrients. The happy seeder 

technology represents a burst through for paddy-wheat crop rotation in NW India. Happy seeder is a most profitable and 

scaled residue management practices, on average 10%-20% more profitable than burning.  It is solution that could be scaled up 

for adoption among the 2.5 million farmers involved in rice-wheat cropping system, thereby completely eliminating the need 

to burn. It can also lower the agriculture’s contribution to India’s to green house gases (GHG) emission. 

4. Bailing and removing the straw: For removal and collection of straw after combine harvesting and using the residue for off 

farm; straw baler machines is very promising technology & commercially available. These balers however, recover only 25-

30% of potential straw yield after combining, depending upon height of plant cut by combines. Baler makes rectangular or 

round bales by collecting the loose straw from the ground. Machine can recover about 200-250 bales weighing between 15 and 

30 kg with a size of 460x360 mm bale from combine harvested field. The speed of operation can be varied between 2-3 km h-1 

in combine harvested fields depending upon field conditions. The fuel consumption varied between 8.5-11.0 l ha-1. Thus baler 

provide a solution for eco-friendly residue management. 

5. Crop residue as livestock feed: Traditionally, the crop residues in India are utilized as animal feed such as or by 

supplementing with some additives. However, crop residues, being unpalatable and low in digestibility, cannot form a sole 

Multiple benefits of the rice residue 

management through concurrent use of SMS-

fitted combines and turbo happy seeder 

(NAAS. 2017). 
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ration for livestock. About 75% of wheat straw is utilized as fodder for animals, chopped in small pieces with the help of special 

cutting machine though this requires additional operation and investment. Rice straw stems are more digestable than leaves 

because their silica content is lower, therefore the rice crop should be cut as close to ground as possible, if the straw is feed to 

livestock.  

6. Crop residue as compost/ mechanized composting: For preparing compost, crop residues are used as animal bedding and 

then heaped in dung pits. In the animal shed each kilogram of straw absorbs about 2-3 kg of urine, which enriches it with N. 

The residue of rice crop from one hectare land, on composting give about 3 ton of manure as rich in nutrients as farmyard 

manure (FYM). The mechanized composting can significantly improves the bio-physical processes of composting, it enhances 

nutrient and organic matter content in the soil.   

7. Decomposition and Release of Nutrients from crop residue: Conservation of soil resources requires proper management 

of crop residues. The primary limiting factor for microbial growth in most soils is the C energy source.  An abundance of C and 

other nutrients are returned to the soil through decomposition of crop residues and biological nutrient cycling. Crop residue 

& tillage management affect the leaching of the nutrients, which may pollute the ground or surface water. 

Following Suggestions Are Requires to Maintain Good Crop Residue Management Practices: 

1. Targeting crop residue to produce renewable energy to upgrading of air, soil quality, mitigating climate change effects and 

global warming. 

2. Crop residues should be categorized as recycling i.e., lime or gypsum and their use in agriculture field like any other mineral 

fertilizers. 

3. To utilize the surplus crop residue for energy generation by establishment of energy plants. 

4. In-situ management practices in the field, fast decomposition by chemical or biological means and straw mulching by 

mechanical means must be promoted. 

5. The machines like use of zero tillage, double disc coulters and happy seeder would help in mulching the crop residue. 

6. Establish provision of encouragements to farmers for not burning paddy residue open. 

Conclusion 

Crop residues are of great economic value as livestock feed, fuel and industrial raw material. However, management challenges 

of the crop residues are varied across the region and its socio-economic needs. Crop residue management is also important as 

machines are being increasingly used for harvesting of grains, and this mechanical harvesting leaves huge amount of residue 

in the field. There are several options for management of crop residue; burning incorporation, surface retention etc. Ex-situ 

alternatives for crop residue incineration alike assortment, gasification as a fuel for the boilers, transforming converting into 

briquettes and planning suitable harvester should be promoted. In-situ alternatives like managing crop residue by happy 

seeder, zero-till machine, double disc coulters, straw choppers are required for practicing and adoption of conservation 

agriculture (CA) in the region, which will reduce the residue burning in rice-wheat rotation. 
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Participatory watershed management deal with the aims to create a self-supporting system which is essential for the 

sustainability of economy. It provides opportunities to the local community to jointly set priorities, negotiate their interests, 

evaluate opportunities, implement and monitor the outcomes. Participatory watershed management involves potential use 

of natural resources between upstream and downstream areas within a watershed towards the objectives of natural resource 

conservation, increased agricultural productivity and a better standard of living for the local community. 

Introduction 

In a country like India, where a major portion of precipitation goes waste, it becomes very important to apply the technology 

of participatory watershed management to solve its annual problems of droughts and floods (Suryawanshi and Kamble, 2012). 

Land and water are the most vital natural resources and are under tremendous stress due to ever increasing human pressure 

on the earth. The optimal management of these resources with minimum adverse environmental impact is essential not only 

for sustainable development but also for human survival (Kushwaha and Bhardwaj, 2017). Participatory watershed 

management has proved to be most appropriate approach by researchers as well as practitioners across the world for the 

purpose of planning and implementing conservation measures and sustainability of all land-based resources and for improving 

the living conditions of the people in uplands and low lands. 

The main causes of crop residue burning are the time available between the rice harvesting and wheat sowing is very narrow 

and in the range of 20-30 days at the end of the kharif season. Paddy is a water intensive crop and the high usage of water in 

its paddy cultivation can legally begin only around Mid-June, when the monsoons typically arrive over North India. During 

harvesting of paddy crop, the large units of harvesters leave 6-10 cm of paddy stalk on the field and the removal of the paddy 

stalk that remains in the field is a labour-intensive process. 

Concept of Watershed 

Watershed is a natural integrator of 

all hydrologic processes within its 

boundaries, and therefore, an ideal 

unit for sustainable management of 

land and water. Fig. shows the 

concept of watershed. The 

watershed has been classified based 

on size and land use characteristics 

of the watershed as shown in fig.2.  

Why Participatory Watershed 

Management? 

Many watershed management 

/development projects have 

performed poorly and failed to take 

into account the need and 

constraints of local community as 

peoples were not involved in the Fig. 2: Classification of watershed Fig.1: Concept of watershed 
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management and development planning. In participatory watershed management, participation of local peoples is necessary 

to identified and priorities need based problems, select technologies and policies, and monitor and evaluate impacts which will 

improve the performance. There are two key assumptions, which appear to need of participatory watershed development 

(Debara et al., 2016): 

1. Soil conservation practices were universally applicable, that may be apply in different places.  

2. local peoples/community are not aware about impact of erosion and ignorant of its causes and consequences. 

Challenges in Participatory Watershed Management 

Community based watershed management is not easy, nor is it always effective at protecting or restoring watershed functions. 

Some of the challenges faced by those who adopt a community-based approach are:  

1. Some peoples may lack the time and skills to effectively involve throughout the development management planning process. 

2. Involvement of private and government land of local people’s activities affect watershed functions.  

3. Resource management researcher may be reluctant to give up their role as experts and to share authority with lay persons 

of local community for resource management issues. 

4. Conflicts between local community and management. 

5. Community-based approaches require more time and resources, to rapport building among local community. 

Major Activities Involve in the Participatory Watershed Management 

1. Soil and water conservation measures i.e. terracing, vegetative barriers, trenching etc through involvement of propels. 

2. Planting of multi-purpose trees, shrubs and sowing grasses, legumes. 

3. Encouraging natural regeneration. 

4. Promotion of agro-forestry and horticulture. 

5. Measures needed to disseminate technology. 

6. Training and awareness among the local community. 

7. Encouraging peoples’ participation 

Components of Participatory Watershed Development Programme 

The components of participatory watershed development programme are as follows: 

1. Involvement of local community  

2. Land and water management  

3. Crop management 

4. Fodder/Pasture crop development 

5. Livestock management 

6. Plantation of trees 

7. Rural energy management 

8. Farm and non-farm activities 

9. Improvement of community skills and resources 

Benefits of Community-Based Watershed Development 

Participatory watershed development offers lots of benefits to the community. Some of benefits are as follows: 

1. Improvement in the economic and social conditions of the poor and weaker section of the local community through more 

equitable sharing of the benefits from natural resources development. 

2. Restored the ecological balance in the village through simple, easy and affordable technological solutions using local 

indigenous knowledge and available resources. 

3. Solution to mitigate the adverse effects of flood/ drought and prevent further ecological degradation. 

4. Protection of land against all forms of soil deterioration. 

5. Improvement in the soil fertility. 
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6. Stabilize critical runoff and sediment producing areas. 

7. Availability of water for watershed community for irrigation and domestic uses. 

Conclusion 

Participatory watershed management has emerged as a new approach for planning, development and management of natural 

resources with concentration on social, economic and environmental aspects. Peoples participation in watershed management 

shares new questions for need based watershed research, including how to formulate efficient mechanisms for organizing local 

community and facilitating collective action. Participatory management of natural resources on watershed basis will enhance 

the social status of local community as well as helpful in making them self-sufficient in food, fuel, fodder and water. 
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Introduction 

The vegetable greens that harvested just after the cotyledon leaves have developed and generally with one set of true leaves 

are known as ‘Microgreen’. These are smaller than baby greens but larger than sprouts. People grow or purchased these 

microgreens by focusing on its nutritional value. Chefs in their restaurant use colourful microgreens to enhance the 

attractiveness and taste of their dishes with distinct delicate textures and unique flavours, such as sweet and spicy. These are 

a new class of edible vegetables with lots of potential in term of nutritional ability to cure various deficiencies (Pinto et al., 

2015). 

Among upscale grocers, they are now considered a specialty genre of greens, good for garnishing salads, soups, sandwiches, 

and plates (Millard, 2014). Edible young greens are produced from different kinds of vegetables, herbs, or other plants. 

Including the stem and leaves their range varies from 1 to 3 inches. They have fully developed cotyledon leaves and usually 

one pair of very small, partially developed true leaves. 

What are Sprouts, Microgreens and Babygreens? 

Sprouts are germinated or partially germinated seeds which grow after planting of seeds. A sprout consists of the seed, root 

and stem. While microgreens are harvested without the roots. Once the sprouts begins to grow at a specific stage, it is referred 

as ‘Baby greens’. Simply, microgreen is the stage between sprout and baby green. Microgreens are the seedlings of herbs which 

have a central stem, cotyledon leaf and young true leaves. They have stronger flavours compared to sprouts, and come in a 

wide selection of leaf shapes, textures and colours. They are grown in soil or soil-like materials such as peat moss. It  requires 

high light, preferably natural sunlight with low humidity and good air circulation. These are planted with very low seed 

density compared to sprout processing. Crop times are generally one to two weeks for most varieties, though some can take 

four to six weeks. They are ready to harvest when the leaves are fully expanded. 
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History 

Microgreens began showing up on chefs' menus as early as the 1980s in San Francisco. In Southern California, microgreens 

have been grown since about the mid-90s. There were initially few varieties offered; those available were: arugula, basil, beets, 

kale, cilantro and a colourful mixture of those called ‘Rainbow Mix’. Having spread eastward from California, they are now 

being grown in most areas of the United States, with an increasing number of varieties. Today, the U.S. industry for microgreens 

consists of a variety of seed companies and growers. 

Form 

A central stem, cotyledon leaves, and typically the first pair of very young true leaves are the three basic parts of microgreens. 

Their size varies from variety to variety. Generally, the size of microgreen is 1 to 1.5 inch. When the herb grows beyond this 

size, it is considered as ‘Petite greens’. Microgreens are typically 1 to 2 weeks old from germination to harvest. Both baby greens 

and microgreens lack any legal definition. The terms ‘babygreens’ and ‘microgreens’ are marketing terms used to describe their 

respective categories. Sprouts are germinated seeds and are typically consumed as an entire plant (root, seed, and shoot), 

depending on the species. 

Commonly Used Microgreens 

Below (in Table 1) some microgreens are given, which are different from each other depending upon their colour, spicy and 

tanginess. Table 1: Commonly used microgreens. 

Sr. No. Commercial Name Botanical Name Family Microgreen colour 

1. Beet Beta vulgaris L. Chenopodiaceae Reddish green 

2. Celery Apium graveolens L. Apiaceae Green 

3. Cilantro Coriandrum sativum L. Apiaceae Green 

4. Garnet amaranth Amaranthus 

hypochondriacus L. 

Amarathaceae Red 

5. Golden pea tendrils Pisum sativum L. Fabaceae Yellow 

6. Green basil Ocimum basilicum L. Lamiaceae Green 

7. Green daikon radish Raphanus sativus L. Brassicaceae Green 

8. Magenta spinach Spinacia oleraceae L. Chenopodiaceae Red 

9. Pea tendrils Pisum sativum L. Chenopodiaceae Green 

10. Pepper cress Lepidium bonariense L. Brassicaceae Green 

11. Purple kohlrabi Brassica oleracea L.  Brassicaceae Purple green 

12. Purple mustard Brassica juncea L. Brassicaceae Purple green 

13. Red cabbage Brassica oleraceae L. Brassicaceae Purple green 

14. Red mustard Brassica juncea L. Brassicaceae Purple green 

(Anand et al., 2019) 

Nutritional Value 

Microgreens are ready to harvest just 10 days after planting. They have sufficient concentration of Vitamin C, Vitamin E, 

Vitamin K, and Vitamin A. In general, microgreens contained considerably higher levels of vitamins and carotenoids - about 

five times greater than their mature plant (Xiao et al., 2012). Red cabbage microgreens have the highest concentrations of 

vitamin C. Nutritional importance and storage of some common microgreens are given in Table 2. Table 2: Nutritional 

component and storage of some common microgreens: 

Sr. No. Name of crops Nutritional components Harvesting stage Storage 

1. Spinach Vitamin C, Carotenoids 10 days Polythene (PE) films at 5℃; 

14 days 
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2. Buckwheat Total phenolics, radical 

scavenging activity and 

flavonoids 

5 cm height Polythene films, stored at 1, 

5, 10, 15 or 20℃ for 14 days 

and at 5℃ for 21 days 

3. Broccoli Antioxidant activity 9 days Polythene films at 5℃ for 21 

days 

4. Radish Ascorbic acid, phylloquinone 

and phenols 

7 days Polythene films at 1℃ for 21 

days 

5. Lettuce Minerals 14 days Freeze dried 

(Anand et al., 2019) 

How they Grown? 

Microgreens can be grown indoors, in kitchen garden as well as inside a greenhouse with sufficient amount of sunlight, from 

1 to 2 weeks. From seeding to harvest, the average crop time for most microgreens is 10 to 14 days, (Vanderlindane, 2014). 

However, this time varies greatly from crop to crop (Pinto et al., 2015). After attaining the height of 1 to 2 inch, they become 

ready for harvest. During the harvesting, the stem is cut just above the soil level. They are best consumed when fresh. So, the 

longer you keep them in your fridge, the more likely it is that they will lose their natural glow. 

Conclusion 

As diet related problems viz. diabetes, obesity, hypertension, cancer, stoke, etc. are increasing day by day in the whole world, 

people have been diverted to use of microgreens in their daily diet. Therefore, taking production of microgreens and make 

available in large markets give farmers extra income. 
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Crop residue management means maintaining cover on sixty percent of the soil surface at planting to protect water quality. Its 

benefit include reduction in soil erosion, sedimentation and pollution from dissolved sediments attached substances. It is 

estimated that approximately 500-550 mt of crop residue are produced in the country every year. these crop residues are used 

for animal feeding, soil mulching, bio manure making, thatching for rural homes and fuel for domestic purpose as well as in 

industrial use.  

However, most of the farmer prefers on farm burning of these crop residues, due to shortage of human labour, high cost of 

removing the crop residue, by conventional methods, and use of combines for harvest of crops. 

There is an increased demand observed in industrial sector, for crop residue. To manage the residue in a productive and 

profitable manner, conservation agriculture plays a vital role. 

Burning of crop residue, leads to release of soot particle and smoke causing human and animal health issue. It also leads to 

emission of greenhouse gases. Also, the heat generated from the burning of crop residue elevate soil temperature causing death 

of active beneficial microorganism. The crop residue however utilized for livestock feed, composting, power generator biofuel 

production, mushroom cultivation. 

In India rice-wheat cropping system produce huge quantities of crop residue. Rice straw and husk are used as domestic fuel, 

mulching or in boilers for parboiling rice. Management of rice straw rather than wheat straw is a serious issue. Another use of 

rice residue is being encouraged by various organisation is the use of rice residue for generation of electricity. The recycling of 

crop residue has the great potential to return a considerable amount of plant nutrient to soil.  

Conservation agriculture sets goals towards sustainability. Management of crop residue is one of such goals. It is an integral 

component, for which an effective solution can help us to face aforesaid challenges. 
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Cockroaches, order- Dictyoptera, suborder- Blattaria, include about 4000 species only one of which, Diploptera punctata, is 

known to be viviparous (Fig.1). Most cockroaches are oviparous species that lay eggs, and the yolk deposited during oocyte 

maturation is the only maternal contribution to its offspring. Less numerous are ovoviviparous species of cockroaches that 

retain embryos within the female’s body throughout embryogenesis but do not provide nourishment in addition to that present 

in the egg. In D. puncata, and in ovoviviparous species of cockroaches, embryos complete their development within a brood 

sac and are born as first instar larvae. The brood sac is an in folding of the ventral inter-segmental membrane at the posterior 

end of the abdomen that provides water to the embryos and protection from desiccation and parasitism. However, in D. 

punctata, the brood sac epithelium also functions as the source of a nutritive secretion ingested by the embryos during 80% of 

the gestation time. As the gestation time progresses, the yolk enclosed in the embryo gut is replaced by Milk. At about 43% of 

the gestation time, small crystals begin to accumulate in the embryo midgut; these are presumed to be a storage form of Milk 

proteins. These proteins are deposited in large amounts and are primarily responsible for the 60-fold increase in embryo protein 

content during the gestation period. 

Nutritional Value of The Insect Milk and Other Organism’s Milk 

Milk is a rich source of nutrients and considered by many as a valuable element of a complete diet. Traditional mammalian 

milk such as cow’s milk contains many bioactive components that boost the physiological processes in the body. The majority 

of the bioactive constituents of milk are proteins such as immunoglobulins, lactoferrin and other peptides obtained from the 

hydrolysis of proteins. Milk however also contains fatty acids such as linoleic acid and oleic acid, minerals, different 

oligosaccharides and melatonin. Milk is sometimes associated with less favourable effects. Allergy, commonly occurring in 

children, is one of these. Luckily this problem can be eliminated by removal of beta-lactoglobulin (β-LG). This is achieved with 

the help of lactic acid bacteria that are capable of hydrolysing immune-reactive proteins in milk. 

A recent study has shown that milk gained from the cockroach species Diploptera punctata has a higher nutritional potential 

than conventional mammalian milk. It contains rich stores of essential nutrients such as oleic acid, conjugated linoleic acid, 

omega-3 fatty acids, short-chain and medium-chain fatty acids, vitamins and minerals. The cockroach milk is a potential new 

super food and important alternative to traditional mammalian milk that might become available for consumption in the near 

future. 

Why this Cockroach Milk is Called as Super Food? 

D. punctata is a cockroach species known to give birth to live offspring. It has the ability to produce milk in the form of a 

substance containing protein crystals that serves as nutrition for its young. This so-called ‘cockroach milk’ is a source of N-

acetyl-D-glucosamine, β-D-mannose, oleic acid, linoleic acid and glycerol. The main glycan is composed of two N-

acetylglucosamine molecules and one mannose molecule. The protein crystals produced by this particular insect species 

(lipocalin-like milk proteins) contain energy stores equivalent to approximately 3.7 × 10-5 J. This is three times (232 kcal per 

100 g or 37 %) the energy content of milk produced by buffalo’s and other mammals. That’s why Diploptera punctata milk is 

called as ‘Super food’. 

Sl. No. Organisms Milk calorific value Kcal (per 100g) 

1 Diploptera punctata 232 

2 Buffalo 110 

3 Sheep 95 
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4 Human 69-75 

5 Cow 66 

6 Goat 60 

7 Camel 60 

It has been demonstrated that these crystal proteins contain large amounts of vital constituents such as fats, sugar and proteins, 

and are particularly rich in essential amino acids. Furthermore, it has been shown that during digestion of these crystal proteins, 

amino acids are released at a continuous rate. Amino corrosive grouping, glycosylation and binding of unsaturated fatty acids 

in D. punctata milk protein crystals are highly heterogeneous. These results in a tight lipocalin overlap and shape the crystals 

with a firmly stuffed crystalline cross section. This previously unknown form of storage has capabilities to hold molecules more 

efficiently for a constant supply of nutrients essential to growth and development. The high protein heterogeneity inside a 

single in vivo-developed protein crystal, accounts for the super food properties ascribed to cockroach milk. 

Fig. 1: Viviparity cockroach, Diploptera punctata  

How the Milk is Secreted in Cockroach? 

A series of studies are done on milk protein of cockroach. One of the scientists demonstrated that Milk proteins first appear in 
the brood sac tissue of 20-day-old females, suggesting that the increase in dry weight of embryos is due to the uptake of proteins 
secreted by the brood sac wall. At this time, embryos have reached the stage of dorsal closure and are capable of drinking; just 
2 or 3 days later, the increase in dry weight becomes detectable. This correlation between developmental stages of the embryos, 
their increase in dry weight, and the presence of Milk in the brood sac strongly supports the idea that the proteins analyzed 
here are the proteins responsible for embryo growth. Finally, direct evidence that the brood sac secretion is ingested by the 
embryos is provided by the finding that the N-terminal sequence of the fourth band of the brood sac secretion is identical to 
the N-terminal sequence of the protein found in crystallized form inside the embryo gut. The shift in size of the crystallized 
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protein from the embryo midgut indicates that Milk proteins undergo modifications before crystallization either by 
degradation or partial carbohydrate removal. 

Composition of Cockroach Milk 
Milk was collected from brood sacs with filter paper embryo surrogates, dried and found to contain 45% protein, 5% amino 
acids, 25% carbohydrate and 16 to 22% lipid. The protein fraction contained 12% carbohydrate, predominantly mannose and 
after carbohydrate removal, was resolved by SDS-gel electrophoresis into two bands with molecular weights of about 13,000 
and 16,000 daltons. All the common amino acids were found in hydrolyzed protein and as free amino acids; glutamic and 
aspartic acids were the most abundant. 
The analysis of the amino acid composition of Milk proteins deduced from the cDNA sequences reveals that Milk proteins 
contain all the essential amino acids, an important characteristic for proteins that function as nutrients. How-ever, tryptophan 
and methionine are present in very low amounts, suggesting that these amino acids are acquired by embryos from another 
source, possibly bacterial endosymbionts. An unexpected feature of the nutritional proteins (if their nutritional value is 
evaluated solely on the basis of the presence of essential amino acids) is the presence of eight conserved regions in Milk 
proteins. These conserved regions point to the existence of structural constraints suggesting that Milk proteins might have a 
function in addition to nutrition. 

Conclusion 
Milk protein crystals and other products produced from cockroaches could be part of a next generation of super foods. Milk is 
a valued component of the human diet as its nutritional properties enhance human health and quality of life. It is known that 
milk contributes to the prevention of certain diseases and reduces certain threats to health. Several authors mention milk in 
association with a reduction in risk of cancer, ischaemic heart disease and diabetes.  
Needless to say, it is unknown the extent to which cockroach milk shares these qualities with mammalian milk and that will 
be an important topic for future research. Further investigation should be done to re-veal the exact composition of cockroach 
milk and the health implications of its consumption. Meanwhile, considerable effort is being put into the study of gene 
sequences of milk protein crystals and different biotechnological approaches are being employed for their production. The 
importance of the identification of protein sequences like that of cockroach milk, can hardly be overestimated. Research into 
new nutritional strategies will contribute significantly to overcoming food shortages that are expected to arise during the 
lifetime of generations to come. 
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Introduction 

Nanotechnology is a complex subject involving fields like information technology, life sciences and material science. It is an 

evolving science which has a lot of significance in the fields of agriculture, medicine, pharmacology, gene transfer techniques, 

engineering etc. Nanotechnology means studying and working with the objects at ultra-small scale which involves construction 

of tools, structures, materials at micro level with the dimensions of a nano meter i.e., one-billionth of a meter (10-9 of meter), 

smaller than wavelength of a visible light and a hundred thousandth width of a human hair. Nanotechnology measures 

particles of size ranging between 1-100nm. This technology has the ability to track products, nutrient levels and other 

information necessary to increase productivity, decontamination of soils and water, protection against pests and diseases which 

includes smart delivery systems. Though nanotechnology is serving as a prime tool in different fields like medicine, material 

science and even in defence, yet there is a need for improving its application in the field of agriculture. 

Definition 

The word “nano” is derived from the Greek language which means “dwarf”. 

According to the British Standard Institution (BSI, 2005), nanotechnology can be defined as “design, characterization, 

production and application of structures, devices and systems by controlling size and shape at the nano-scale”. 

Nano particles are said to be originated generally in nature. These particles are said to be generated by erosion, fires, volcanoes, 

marine wave action and even by human activities like coal combustion, vehicle exhaust and weathering of rubber tires. 

Technology involves visualize, characterize, produce and manipulate matter of the size of 1-100 nm which is generated 

naturally. 

Properties of Nano Particles 

Carbon nano tubes, quantum dots, fullerenes, dendrimers, nano sensors and nano chips are the tools of nanotechnology. 

Applications of Nanotechnology 

Atomically modified seeds were produced in rice by ETC group -Action group on Erosion, Technology and Concentration 

(Ranjan, 2004). The aim was to develop a rice variety that can be grown all year long. They drilled the membrane of a rice cell 

and N2 atom was introduced into the cell to stimulate rearrangement of rice’s DNA. Researchers have been able to alter the 

colour of rice from purple to green grain colour with short stems. 

At seed level, Maryam et al., (2014) carried out research by penetrating carbon nano-tubes into tomato seeds. This was made 

possible by culturing the seeds on medium containing carbon nano-tubes (10-40 µg/ml). They noticed dramatic increase in 

water uptake and seed germination in the seeds compared to control.  

There are a few techniques in biotechnology for the transfer of gene particles. Particle bombardment method is the most used 

one and it involves well equipped laboratory, machinery and skilled persons. Though the gene will be transferred, there will 

be a very few chances of targeted insertion. To conceal this problem, Hussain et al., (2013) practiced a different approach by 

using surface-functionalized meso porous silica nano particles to deliver and express foreign DNA in Arabidopsis thaliana root 

cells without the aid of particle bombardment. 100% growth inhibition was seen in the Pythium ultimum, Magnaporthe grisea, 

Colletotrichum gloeosporioides, Bottrytis cinere and Rhyzoctonia solani at 10 ppm of the nano sized silver particles Ahmed et 

al., (2015). 
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Pheromones are used to counteract insect damages. Current spread of pheromones is by mechanical spraying and dispensers 

(used in wine yards to control European grape berry moth). For mechanical means of distribution, the problems are, they 

require strong concentration, uneven distribution and sensitive to wind and rain. To overcome the problem, nano fiber webs 

are designed to hold pheromones (Christoph et al., 2011). These webs are produced by electro spinning (uses a charged liquid 

and electrode to make an electric field, liquid surface tension competes with electric field, taylor cone describes the behavior of 

liquid with different voltages, polymers produce fibers rather than droplets due to chain entanglements).  

Lanthanum based compound (nano check) is used for water application. This compound absorbs phosphorous from the water 

and prevents algal growth. Loss of herbicides by direct application in the fields due to wind and rain is being noticed. It also 

requires higher concentrations of chemical. In TNAU, Chinnamuthu et al., 2009, encapsulated herbicide in MnO2 core shell 

shielded with bi-layer polymers that open up and exuding the active ingredient on receipt of rainfall. 

In addition to them, nanotechnology has an efficient role in nanocarrier systems for delivery of nutrients and supplements, 

organic nano-sized additives for food, supplements and animal feed, food packaging applications e.g. plastic polymers 

containing or coated with nano materials for improved mechanical or functional properties, nano coatings on food contact 

surfaces for barrier or antimicrobial properties, nano-sized agrochemicals (a chemical used in agriculture, such as a pesticide 

or a fertilizer), nano sensors for food labelling. Food storage bins have silver nano particles embedded in the plastic. The silver 

nano particles kill bacteria from any food previously stored in the bins, minimising harmful bacteria. 

Conclusion 

Nanotechnology has broad application in medicine and allied sectors. But in agriculture, it is still in nascent stage. It plays 

crucial role to bring revolution in present farming strategies and also to replace the existing technologies with the most 

advanced and updated ones. Production and consumption of nano products is at commercial scale which is cost incurrative 

which can be considered as a demerit. However, scientists are at their maximum effort in bringing out new applications to 

revolutionize the fields of agriculture, food and industry. 
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Introduction 

Moringa oleifera belonging to the monogeneric family, Moringaceae is well known for its nutritive value in leaves, pods, and 

seeds. It contains high protein content in the leaves, twigs, stems and seeds. They are an exceptionally good source of 

provitamin A, vitamins B and C, minerals (particularly Iron) and sulphur containing amino acids methionine and cysteine. It 

is commonly said that moringa leaves contain more Vitamin A than carrots, more calcium than milk, more iron than spinach, 

more Vitamin C than oranges, and more potassium than bananas,” and that the protein quality of Moringa leaves rivals that 

of milk and eggs. However, the leaves and stem of M. oleifera are known to have large amounts of their calcium bound in 

calcium oxalate crystals. For maximum utilization of available nutrients in moringa, value added products are prepared from 

different parts, which are as follows. 

1. Leaf preparations:  

a. Moringa leaf powder: The leaves after harvest should be stripped off the stems, washed and dried in shade (sunlight 

can destroy vitamin A). The dried leaves are made into fine powder which can be stored in an air-tight container. 

Vitamin A retention is enhanced if the leaves are blanched before drying. As a nutritional additive, 2 or 3 spoonsful of 

the powder can be added to soups or sauces. Moringa leaf powder can be stored for up to 6 months when protected 

from light and humidity. 

b. Moringa juice: Fresh leaves are crushed and pounded in a mortar with a small amount of water. For larger 

production, hammer mill is used to pound young moringa shoots (not more than 40 days old) together with little water 

(about one liter per 10 kg fresh material). Then it is filtered and diluted with water and sugar is added for taste. 

Alternatively, spoonful of more moringa leaf powder can be added to a litre of water. Then it is stirred together, 

strained and sugar is added. Juice or juice concentrate is stored in a refrigerator. 

c. Moringa leaf sauce: Two cups of fresh leaves are steamed for a few minutes in one cup of water. Chopped onions, 

salt, butter and any other seasonings are according to taste. 

2. Preparations from flowers: The flowers are a good source of calcium and potassium and should be cooked and consumed. 

Fried alone or with a batter they have a taste reminiscent of mushrooms. Moringa flowers can be mixed with any leaf recipes 

or steamed and eaten as a salad. 

3. Preparations from pods: The entire young and pliable pod is cooked and eaten or used in the preparation of curries. In older 

pods which develop tough exterior, the pulp and immature seeds remain edible just before ripening begins. A dish is made by 

slicing pods into 5 cm lengths and boiled in water along with lentils. The flesh inside the pod sections is eaten. 

Alternatively, pods can be opened and the flesh and young immature seeds scraped out pods are boiled in water for a few 

minutes. The seeds of edible pods should be white in color. The seeds should be scraped out with the winged shells intact and 

as much of the soft white flesh as possible. It is rinsed with water to remove the sticky, bitter film. It is mixed with rice or 

roasted or fried in oil to give a taste like sweet groundnuts. The flesh can be cut into strips and steamed or fried, used to make 

a soup or be added to other sauces. 

Salads are also prepared from moringa pods. Very young moringa pods (should be less than 1 cm thick and snap easily) are 

selected and they are cut into 3 cm lengths. It should be steamed for 10 minutes and then marinaded in a mixture of oil, vinegar, 

salt, pepper, garlic and parsley. 

A recipe called moringa beans is prepared using very young moringa pods (should be less than 1 cm thick and snap easily). 

The pods are sliced into pieces of any length and steamed or boiled until tender. 
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4. Preparations from seeds: The seeds can be boiled for few minutes to remove the fine transparent hull and the water should 

be drained. Seeds should be eaten green before they change colour to yellow. The dry seeds can be ground to a powder and 

used for seasoning sauces. 

5. Root preparations: The moringa tree has been called the “horseradish tree” because a similar-tasting condiment can be made 

with from its pungent roots. Even when the plant is only 60 cm tall, it can be pulled up and the roots harvested. The roots from 

young plants can also be dried and ground for use as a hot seasoning base with a flavour similar to horse radish. A tasty hot 

sauce from the roots can also be prepared by cooking them in vinegar. The root bark (which contains two alkaloids as well as 

the toxic moringinine) must be scraped off. The interior flesh is pounded, then mixed with salt and vinegar.However, it can be 

dangerous to consume the roots too often or in large amounts. Even when toxic root bark is removed, the flesh has been found 

to contain the alkaloid spirochin, a nerve paralyzant. 

6. Moringa oil: Moringa oil or Ben oil is obtained by pressing the seeds. The oil content of de-hulled seed (kernel) is 

approximately 42 %, which is brilliant yellow coloured. It is used as a lubricant for fine machinery such as timepieces because 

it has little tendency to deteriorate and become rancid and sticky. It is also useful as a vegetable cooking oil. The free fatty acid 

content varies from 0.5 to 3 %. Indian Ayurveda claims that moringa oil also possess antitumor, antipyretic, antiepileptic, anti-

inflammatory, antiulcer, antispasmodic, diuretic, antihypertensive, cholesterol lowering, antioxidant, antibacterial and 

antifungal activities, and are being employed for the treatment of different ailments in the indigenous system of medicine, 

particularly in South Asia. 

a. Cosmetic products: Moringa oil has tremendous cosmetic value and is used in body and hair care. Moringa oil has 

been used in skin preparations and ointments. It has nourishing and emollient properties, making it an excellent 

massage oil due to the presence of palmitoleic, oleic and linoleic acids, vitamins A and C and unsaturated fatty acid. 

This moringa oil is in demand because it is so stable and resistant to rancidity and it has long been valued for its enfleurage 

property by the perfume industry. It is useful in the manufacture of perfume and hairdressings. The oil is known for its capacity 

to absorb and retain volatile substances and is therefore valuable in the perfume industry for stabilizing scents and the oil has 

been used in skin preparations and ointments since Egyptian times. 
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Introduction 

Vegetables are full with nutrition’s-aim to eat plenty of them. They are low in fat and calories. Furthermore, they are full fibre, 

folates and antioxidans. They boost the immune system, assist growth and development moreover they help cells and organs 

to function normally. 

Nutrition-Vitamins 

Vitamins are important for a normal body function. Our body unable to make vitamins except of Vitamin D and K. Hence, they 

have to be obtaining by the food we eat. 

Types of Vitamins 

The vitamins can be fat-soluble or water soluble. This means how our body able to dissolve the vitamins. 

Fat-Soluble Vitamins 

The fat-soluble vitamins including A, D, E, and K can be dissolve in fat and they can be stored in the body for long periods of 

time. They are reasonably steady during cooking and processing. 

Water-Soluble Vitamins 

The water-soluble vitamins including C and the B-complex vitamins. They need to dissolve in water before the body can absorb 

them. The body can't store these vitamins they are removed from the body with urine. It is important to eat enough vegetables 

and fruits to have the daily amount of vitamins in your diet. Giving the body the nutrition’s to function normally. The water-

soluble vitamins can be lost in boiling, washing, soaking. 

Nutrition-Fat Soluble Vitamins in Vegetables 

1. Vitamin A: Amaranth Leaves, Asparagus, Broccoli, Brussels Sprouts, Broad beans, Carrots, Broccoli, Cabbage, Cucumber, 

Fresh green beans and peas, Green Leafy Vegetables, Kale, Leeks, Lettuce, Okra, Peas, Pumpkin, Spinach, Squash - summer, 

Squash - winter, Sweet Potato, Tomato. 

2. Vitamin D: Mushrooms 

3. Vitamin E: Asparagus, Broccoli, Chickpeas, Green leafy vegetables, Potatoes, Pumpkin, Soya beans, Spinach, Sweet potato, 

Tomato. 

Nutrition-Water Soluble Vitamins in Vegetables 

1. Vitamin B1 (Thiamine): Asparagus, Broccoli, Brussels Sprouts, Cabbages, Cauliflower, Celery, Corn, Cucumber, Fennel, 

French Beans, Lima Beans, Okra, Onions, Peas, Potato, Pumpkin, Sweet Potato. 

2. Vitamin B2 (Riboflavin): Amaranth Leaves, Artichoke, Asparagus, Broccoli, Brussels Sprouts, Chinese Broccoli, 

Cauliflower, Fennel, French Beans, Lima Beans, Mushrooms, Peas, Okra, Pepper, Pumpkin, Squash - winter, Sweet Potato. 

3. Vitamin B3 (Niacin): Artichoke, Asparagus, Broccoli, Brussel sprouts, Cauliflower, Celery, Cucumber, Fennel, Legumes, 

Lettuce, Mushrooms, Okra, Onions, Peas, Pepper, Potato, Pumpkin, Spinach, Spring greens, Squash, Sweet corn, Sweet Potato, 

Tomato. 
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4. Vitamin B5 (Pantothenic acid): Artichoke, Asparagus, Broad beans, Broccoli, Brussels Sprouts, Squash, Cabbages, 

Cauliflower, Celery, Cucumber, Kale, French Beans, Legumes, Lettuce, Mushrooms, Okra, Potatoes, Pumpkin, Spinach, Spring 

greens, Squash, Sweet corn, Sweet Potato, Tomato. 

5. Vitamin B6 (Pyridoxine): Amaranth Leaves, Asparagus, Broccoli, Brussels Sprouts, Cabbages, Cauliflower, Celeriac, Fennel, 

French Beans, Green Pepper, Kale, Lentils, Lettuces, Legumes, Lima Beans, Okra, Onions, Peas, Peppers, Potatoes, Seaweed, 

Squash, Spinach, Spring greens, Sweet Corn, Sweet Potato, Tomato. 

6. Vitamin B7 (Biotin): Artichoke, Asparagus, Bean sprouts, Beetroot, Broad beans, Broccoli, Cauliflower, Carrot, Cucumber, 

Kale, Lettuces, Mushrooms, Mung beans, Onions, Potato, Pumpkin, Runner beans, Soya beans, Tomato. 

7. Vitamin B9 (Folic acid): Amaranth Leaves, Artichoke, Asparagus, Broad bean, Broccoli, Brussel sprouts, Broccoli, Brussels 

Sprouts, Cabbages, Carrot, Cauliflower, Celeriac, Celery, Chickpeas, Chinese Broccoli, Chinese Cabbage, Cucumber, Curly 

kale,  Fennel, French Beans, Green beans,  Lettuce, Lima Beans, Mung bean, Mushroom, Okra, Onion,  Peas, Potato, Peas, 

Pepper,  Potatoes, Pumpkin, Runner beans, Soya beans, Spinach, Spring greens, Squash - summer, Squash - winter, Sweet corn, 

Tomato. 

8. Vitamins B12 (Cobalamin) 
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Introduction 

India is the second largest producer of vegetables (59 million tonnes i.e.12.94% of the world production of 456 million tonnes) 

and fruits (27.3 million tonnes i.e. 7.37% of the world production). Vegetables are susceptible to the action of a variety of 

microorganisms, which leads to substantial decay, losses during post-harvest handling.  

Vegetables and fruits have a limited shelf life and hence it warrants great scope for processing. 

Vegetables can be Classified into Three Groups According to their Nutritive Value 

1. Green Leafy Vegetables: They are an inexpensive rich source of many nutrients such as – carotene, ascorbic acid, folic acid, 

calcium, iron and fibre. They are a poor source of protein. 

2. Roots and Tubers: Roots and tubers are rich in carbohydrates and are a source of energy in the diet. Carrot and yellow 

varieties of yam are rich in carotene and potato contains Vitamin C. Tapioca and yam are rich in calcium. Roots and tubers are 

a poor source of iron, protein and a fair source of B – Vitamins. 

3. Other Vegetables: These are a good source of dietary fibre and add variety to the diet. They are a fairly good source of 

vitamins and minerals. (Eg.) brinjal, ladies finger, cauliflower, cucumber, gourd varieties. 

Processing of Vegetables 

1. Cleaning: Thorough washing in water is essential. If vegetables are consumed raw extra care is needed in cleaning them. 

Cauliflower flowerets are washed with hot salt water to remove the insects. Greens are put in a large basin of water. The 

impurities like dirt and sand settle to the bottom and leaves are lifted from the top. Vegetables can be washed under running 

tap water. 

2. Peeling: Roots and tubers are peeled before cooking. It is better to remove the skin after cooking because the nutrients would 

seep inside during the process of cooking. Skin can be removed easily. Loss of colour can be prevented and sweetness of the 

carrots is better retained if the skin is removed after blanching. 

3. Blanching: This is done to destroy microorganisms, denature enzymes, to remove the skin easily and to improve the colour. 

Apart from these preliminary preparations, cutting, grating, grinding and stringing are also done before cooking. 

4. Effect of pickling: Pickles are usually low in pH and anthocyanins change to deep crimson red in colour. 

5. Changes during cooking: Vegetables are cooked to improve the colour, flavour and texture by which over all palatability is 

improved. Digestibility is also improved. The fibre becomes softened, starch gets gelatinised and protein gets coagulated. 

Cooking vegetables adds variety to the diet. Cooking destroys microorganisms. 

6. Effect of method of cooking: Anthocyanins are water soluble cell sap pigments, which can be leached from a vegetable by 

the cooking water. Cooking in a steamer or in a pressure pan which limit the contact of the vegetable with water are better 

methods than boiling in water. To retain the red colour in red cabbage, the cooking water should be acidified. Otherwise the 

pigment will change to a dull and unappetising blue. 
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7. Storage of vegetables: Most fresh vegetables retain their top quality for only a few days. All green vegetables of high-water 

content are best when fresh. If allowed to stand long after gathering the vegetables becomes wilted and tough through loss of 

moisture. The flavour is also impaired because of enzyme action and the conversion of sugar to starch. Mature vegetables 

particularly roots and tubers and bulbs deteriorate less in storage than do fresh immature vegetables. One reason for the short 

storage life of many vegetables is that they are rapidly respiring. 

Most fresh green vegetable may be kept fresh and crisp in covered containers or plastic bags in the refrigerator. If they are 

washed before storing, they should be drained thoroughly because too much moisture can increase the possibility of a spoilage 

and decay. Seeds such as can peas can remain fresh longer it left in the pots. Tubers and bulbs can be stored in a cool place 

without refrigeration. Many vegetables, especially the leafy ones, spoil quickly after harvest. CFTRI, Mysore has developed 

technology to keep them fresh for extended periods. 

Factors Affecting Storage Life 

1. Loss of water: Transpirational loss of water is one of the main process that affect the commercial and physiological 

deterioration of vegetables after harvest. The moisture loss adversely affects the appearance, texture, flavour and weight of the 

products. Most noticeable effect of moisture is the softening of the tissues caused by loss of turgidity. 

2. Respiration and metabolism: Vegetables are living commodities and continue to respire even after harvest. Respiration uses 

the stored food, leading to its depletion and consequently the loss of quality. Hence, storage life of vegetables is influenced by 

rate of respiration and is associated with biochemical activity. 

3. Role of vegetables in cookery: 

a. Vegetables are used universally in all recipes. 

b. They are used in curries salads and in sambar. 

c. They are used as garnishing agents e.g. shredded carrot and coriander leaves. 

d. They are used as stuffing in samosa and parathas. 

e. They are used as thickening agents in gravies and soups. 

f. They are used as in of chutneys (onion) and pickles (tomato, onion). 

g. As part of recipes like pulao, aluvadi and in nonvegetarian dishes. 

Dehydration of Vegetables 

Dehydration means the process of removal of moisture by the application of artificial heat under controlled conditions of 

temperature, humidity and air low. In this process a single layer of fruits or vegetables, whole or cut into pieces or slices are 

spread on trays which are placed inside the dehydrator. The initial temperature of the dehydrator is usually 43°C which is 

gradually increased to 60-66°C in the case of vegetables and 66-71°C for fruits. 

1. Shade drying: Shade drying is carried out for products which can lose their colour and / or turn brown if put in direct 

sunlight. Therefore, shade drying is carried out under a roof or thatch which has open sides. 

2. Osmotic dehydration: In osmotic dehydration the prepared fresh material is soaked in a heavy sugar solution and / or a 

strong salt solution and then the material is sun or solar dried. 

3. Blanching: Exposing vegetable to hot or boiling water as a pre-treatment before drying has the following advantages: 

a. It helps clean the material and reduce the amount of microorganisms present on the surface; 

b. It preserves the natural colour in the dried products; for example, the carotenoid (orange and yellow) pigments 

dissolve in small intracellular oil drops during blanching and in this way, they are protected from oxidative breakdown 

during drying; 

c. It shortens the soaking and/or cooking time during reconstitution. During hot water blanching, some soluble 

constituents are leached out; water-soluble flavours; vitamins (vitamin C) and sugars. 

4. Rehydration ratio: If the weight of the dehydrated sample (a) used for the test is 5 g and the drained weight of the rehydrated 

sample (b) 30g, then 
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Pickle Production 

The preservation of food in common salt or in vinegar is known as pickling. Pickling is the result of fermentation by lactic acid-

forming bacteria, which are generally present in large numbers on the surface of fresh vegetables. 
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Introduction 

Bacterial wilt of cucurbits (Erwinia tracheiphila) is one of the first bacterial plant pathogens ever described. In Michigan, U.S.A., 

in 1893, pioneering plant pathologist Erwin F. Smith witnessed entire fields of cucumbers, cantaloupes and winter squashes 

destroyed by the disease. More than 120 years later, bacterial wilt still menaces many cucurbit crops causing yield losses up to 

75%. Smith’s belief that striped (Acalymma vittatum) and spotted cucumber beetles (Diabrotica undecimpunctata) were vectors of 

the disease (Rojas, 2013). Bacterial wilt infects many species in the family cucurbitaceae. Cucumber and muskmelon are highly 

susceptible, squash and pumpkin are intermediate and watermelon is apparently highly resistant. 

Symptoms 

Once the bacteria enter the plant, they multiply and move quickly through the vascular system. In the process, they interfere 

with the movement of water and nutrients and this result in the drooping, wilting and death of the above ground parts of the 

plants. Plants usually show symptoms between 5 to 14 days after infection. The first symptoms usually appear on individual 

leaves as a wilting of the leaves, with dull green patches. Lateral branches wilt followed by wilting and death of the entire 

plant. The fruit may also show symptoms as a small water-soaked spots appear on the surface. These spots will later become 

shiny decayed spots on the fruit. On fruits, internal spoilage can be seen during storage. On the external surface it may show 

dark spots or blotches later which may coalesce and enlarge. The fruits rot internally with little or no outside appearance and 

become prime targets for invasion by soft-rot pathogens. 

                         Feeding of beetles                                           Frass deposition on leaves                                 Wilted plant 

A Quick Test for Bacterial Wilt Follows 

cut the stem of a recently wilted plant near the crown. Squeeze the stem gently until sap emerges. Look for a milky color. Lay 

a knife blade across the cut stem and slowly draw it one-fourth inch away. Fine threads, like cobwebs, will string out between 

the knife and the stem. This test works well for cucumbers, but works only with difficulty for cantaloupes. A plant without 

bacterial wilt will have watery sap which does not form threads. 

Etiology 

Causal organism - Erwinia tracheiphila 

It is a Gram-negative, facultatively anaerobic, rod-shaped, non-spore forming xylem-inhabiting bacterium which is motile with 

peritrichous flagella and measures about 0.5-0.7 × 1.2-2.5 μm. Smith noted the difficulty of isolating and working with this 

pathogen since it grows slowly in culture and is easily overgrown by other microorganisms. Unlike the most Erwinia spp., it 
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can be challenging to isolate from macerated plant tissues. In culture the colonies are generally small, circular, viscous and 

hyaline or white in color (Yao et al., 1996). Colony growth on nutrient agar (NA) or nutrient agar plus peptone (NAP) can be 

observed 3 to 4 days after streaking. The optimal temperature range for colony growth was between 25 and 30°C. 

Transmission 

The bacterium over winters either in the digestive system of striped or spotted cucumber beetles. Hence, the bacterial wilt can 

be expected to be more severe following a mild winter, since survival of the beetles is better under such conditions. Adult 

cucumber beetles emerge in the spring and begin feeding on young cucurbit leaves. As they feed on cucurbits, they cause deep 

wounds in the plant and deposit bacteria on the leaves in their fecal droppings. When a film of water from rain, dew or 

irrigation is present on the leaf, the bacteria are able to reach the feeding wound and enter the leaf. Later the disease may be 

spread on beetle mouthparts after they feed on infected plants. Each contaminated beetle can infect atleast three or four healthy 

plants after one feeding on a wilted plant. Some beetles are capable of spreading infection for more than three weeks after one 

wilt feeding. The pathogen cannot survive in dead cucurbits or soil. 

 
Disease cycle 

Management 

Once a plant is infected with disease, there is no effective control method. The infected plant should be removed. The infected 

plant material should not be placed in a compost pile because beetles will be attracted to it, feed on the material and transport 

the bacterium back to the garden. 

The only management option is controlling the cucumber beetles and preventing them from feeding on plants. This can be 

done with more success earlier in the growing season than later, when beetle populations are high. Here are some suggestions 

to manage cucumber beetles in cucurbit crops. 

Cultural Practices 

1. Go for the resistance varieties like Country fair-83, Saladin, Ashley, Chipper, Eversweet, Gemini, Improved long green, 

Sunnybrook and Saticoy hybrid. 

2. Plant more than you need  

3. Cover soil with reflective mulching during summer season 

4. Use yellow sticky traps, which will attract the vectors  
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5. Use trap crops like dark zucchini squash from cucumber, melon and squash 

6. Use kairomonal baits  

7. Go for crop rotation with cereals  

8. Go for the rouging of infected plants  

9. Spray the neem oil @ 20 ml/l 

10. Go for Surrond- Kaolin clay-based protectant spray as slurry 

Chemical Management 

1. Spray imidacloprid @ 0.25ml/l           

2. Apply carbofuran (3G) at planting which will helps for 4 - 6 weeks of beetle control 

3. Apply carbaryl 3g/l  

4.  Spray methyl parathion 2g/l  

5. Spray bifenthrin, delta-methrin and zeta cypermethrine @ 0.025% 

6. Spray lambdacyhalothrin + chlorantraniliprole @ 0.25 ml/l 

7. Spray thiamethoxam + chlorantraniliprole @ 0.25 ml/l 
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Introduction 

Rice is the staple and nutritive food crop in the world. Nitrogen deserves a special status among the major nutrients and it is 

the ‘mineral of life’ for rice crop. It is the most critical input which limits productivity of irrigated rice. There is no compromise 

on the need for the judicious use of nitrogen fertilizer for increasing rice production despite the fact that the cost of nitrogen 

fertilizers is increasing year by year. Phasing of nitrogen application at critical developmental stages is more important for 

efficient utilization of applied nitrogen by rice. Monitoring of plant nitrogen status is important in improving the balance 

between crop nitrogen demand and nitrogen supply from soil and applied fertilizers. Because leaf nitrogen content is closely 

related to photosynthetic rate and biomass production, it is a sensitive indicator of the dynamic changes in crop nitrogen 

demand in a growing season. The direct measurement of leaf nitrogen concentration by laboratory procedures is time-

consuming and costly. Such procedures have limited use as a diagnostic tool for optimizing nitrogen topdressing because of 

the extensive time delay between sampling and obtaining results. Farmers generally use leaf colour as a visual indicator for 

the crop nitrogen status and need for nitrogen fertilizer application. Simple diagnostic tools as LCC and SPAD meter have been 

developed to monitor plant nitrogen status for fine tuning of nitrogen management. They allow farmers to adjust nitrogen 

applications in real time i.e. based on the present plant nitrogen status, which is closely related to the indigenous nitrogen 

supply and season-specific climatic conditions that affect crop growth. The high price of SPAD meter limits its use by individual 

resource-poor farmers. A very simple, quick and non-destructive method of estimating leaf nitrogen status is by Leaf Colour 

Chart. It has been tested for real-time N management in the farmers’ fields in several countries including India. 

Leaf Colour Chart 

1. The leaf colour chart (LCC) is an innovative cost-effective tool for real-time or crop-need-based N management in Rice, Maize 

and Wheat. 

2. LCC is a visual and subjective indicator of plant nitrogen deficiency and is an inexpensive, easy to use and simple alternative 

to chlorophyll meter/ SPAD meter (Soil Plant Analysis Development).  

3. It measures leaf colour intensity that is related to leaf nitrogen status.   

4. LCC is an ideal tool to optimize nitrogen use in Rice/Maize at high yield levels, irrespective of the source of nitrogen applied, 

viz. organic manure, biologically fixed nitrogen, or chemical fertilizers.  Thus, it is an eco-friendly tool in the hands of farmers.  

5. Now, it is manufactured with 4 colours called Four Panel LCC and six colours called Six Panel LCC. Moreover, LCC is 

provided with water-proof laminated instruction sticker in the required regional language.   

It is an inexpensive, simple, easy to use tool for measuring the leaf greenness, developed from a Japanese prototype and was 

devised by “Fuji Film Co” especially for paddy leaf colour (Furuya, 1987). Leaf Colour Chart measures the green colour 

intensity of rice leaves. Leaf greenness was calibrated very precisely to the leaf nitrogen content (Tanno, 1988). The first leaf 

colour chart was developed in Japan. Chinese researchers at Zhejiang Agricultural University developed a much-improved 

LCC and calibrated it for India, japonica and hybrid paddy. This chart later became a model for the LCC developed by Crop 

Resources and Management Network (CREMNET) of International Rice Research Institute, Philippines. In India,  these charts 

are provided by Nitrogen Parameters, a Chennai based company. 
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Outlook of LCC 

The leaf colour chart is a 15-inch-long chart. The colour chart had originally eight shades of unnamed green. Leaf colour is 

compared with the standard colour charts under the same environmental condition. The colour scale is made of plastic resistant 

to sunshine damage. It is less light reflectable and consists of many strip colour lines arranged like leaf veins. The lightest, more 

yellowish shade is labelled as 1 and the deepest, darkest green shade is labelled 8. Later, a colour chart with seven shades of 

greenness was developed by Furuya (1987) and the present form of the colour chart has six shades of green colour (IRRI, 1996). 

It has been calibrated with the chlorophyll meter and is used to guide nitrogen top dressing for paddy. A simple construction 

sheet in the local language accompanies the chart and explains the farmers how to determine the correct time of nitrogen 

application. The colour chart is an ideal tool to optimize N use in paddy cropping, irrespective of the nitrogen source applied, 

inorganic, organic or bio-fertilizers. LCC is used to assess the canopy green as well as green colour of a single leaf. The readings 

obtained with canopy and with a single leaf differ in the same field and relationship of the two readings is expressed by  

1. Y= 1.00 x – 1.01.  

2. Y – Canopy green and x is the colour of a single leaf. 

Pic. 1: Six panel Leaf Colour Chart  

How to Use LCC in Rice Crop 

1. At 14 days after transplanting (DAT) or 21 days after direct wet seeding (DAS), randomly select 10 healthy plants in your 

field where plant distribution is uniform. 

2. Compare the topmost, fully expanded, and healthy leaf of each of the 10 plants with the LCC. Place the middle part of the 

leaf on top of the LCC’s colour strips for comparison. Do not detach the leaf. Take readings at same time of the day (8-10 AM). 

Do not expose the LCC to direct sunlight during reading s. The same person should take the first up to the last LCC reading. 

3. If six (6) or more of the 10 leaves have readings below the critical LCC value, apply N as given below: 

Pic. 2: Observation using Leaf Colour Chart 
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a. For wet season basmati rice, use LCC critical value 3, and apply 23 kg N/ha or 1 bag urea per hectare. 

b. For direct-seeded rice, apply 23 kg N/ha as basal, then use LCC critical value 3, and apply 23 kg N/ha or 1 bag urea 

per hectare. 

c. For Boro rice crop, apply 23 kg N/ha as basal, then use LCC critical value 4 and apply 35 kg N/ha or 1.5 bags of urea 

per hectare. 

d. Repeat LCC readings every 7 days for 110-130-day paddy crops and every 10 days for more than 130-day crops until 

first heading. Different sets of 10 leaves can be used for each weekly or 10-day reading. 

4. If basal fertilizer with N (DAP or NPK compound) is applied 0-14 DAT or 0-14 DAS, the first LCC reading is done at 21-25 

DAT or 28-30 DAS instead of 14 DAT or 21 DAS. 

Merits of LCC 

1. It is a simple and easy to use tool for farmers to assess the leaf nitrogen status and to determine the time of nitrogen top 

dressing to the rice crop.  

2. LCC is inexpensive than the SPAD meter.  

3. No samples required to be collected, processed and sent to a laboratory for analysis.  

4. SPAD meter involves technical skill but LCC do not demand expertise in usage as it is only matching the colour scores of the 

leaf with standard chart. 

Demerits of LCC 

1. LCC cannot indicate smaller differences in leaf greenness as the colour shades fall in between two shades; the mean of the 

two scores is taken which may result in less accuracy.  

2. There is a possibility of occurrence of more personal variations.  

3. The relative accuracy of LCC to assess the leaf N status can be determined only when it is compared and correlated with 

chlorophyll meter readings and calibrated properly with the cultivar groups (semi dwarf, local tall, hybrid).  

4. LCC is used only to fine tune the top-dressed N but one cannot decide the basal nitrogen application by LCC.  

5. LCC can be more successful in integrated site-specific nutrient management strategy in which to achieve optimum response 

to nitrogen fertilizer, other nutrients (P, K, S, Zn) must not be limiting. Therefore, adequate levels of other nutrients have to be 

applied based on soil tests or local recommendations.  

6. P or K deficiencies may cause darker leaf colour which leads to erroneous LCC readings. Hence local calibration of LCC is 

always required. But SPAD meter is less affected by these deficiencies.  

7. LCC values are influenced by diurnal variations of the day, varieties and seasons, hence it requires calibration. 

Conclusion 

Nitrogen is the kingpin in fertilizer management programme for rice crop as it is the key to realize the yield potential of high 

yielding varieties and hybrids of rice. It is more imperative than other nutrients because timing of nitrogen application decides 

the efficiency. Blanket fertilizer recommendations are not efficient because indigenous supply varies widely among rice fields 

in Asia. Leaf Colour Chart based nitrogen management will significantly benefit the farmers in adjusting nitrogen input to 

actual crop conditions and nutrient requirements. Need based N management based on LCC aid in optimizing threshold levels 

without any yield loss. These tools are inevitable guidelines in deciding the top-dressed nitrogen requirements and synchronize 

fertilizer nitrogen application with actual crop demand and adds more returns to the farming community. Thus, LCC provides 

rescue over the conventional method of nitrogen estimation which is very tedious and emphasis on need based nitrogen 

application to the crops. 
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The term medicinal plant includes various types of plants used in herbalism (herbology or herbal medicine). The word “herb” 

has been derived from the Latin word, “herba” and an old French word “herbe”. Now a days, herb refers to any part of the 

plant like fruit, seed, stem, bark, flower, leaf, stigma or a root, as well as a non-woody plant. Plants have been used for medicinal 

purposes (such as dioscorea, stevia, ashagandha) long before prehistoric period. Ancient Unani manuscripts Egyptian papyrus 

and Chinese writings described the use of these medicinal plants. Due to the increase in the demand of these crops worldwide, 

the safety, quality and efficacy of the products derived from such crops have become a major concern for health authorities 

and consumers. This safety and efficacy are governed by the quality of products. The effort to achieve the quality, safety and 

efficacy of these important resources must begin well before harvest. But on the other hand, this is of significance only when 

the produce reaches their destination in healthy condition and at a reasonable price. Application of modernized post-harvest 

techniques make it possible. Reduction of post-harvest losses is a complementary means for increasing production. 

Furthermore, it may not be sensible to considerably step up the production of these plant-based resources with the growing 

demand if the post-harvest losses are not reduced to a great extent. This chapter describes briefly the post-harvest handing 

chain of three important medicinal plants viz. dioscorea, stevia, ashagandha in a holistic manner in order to reduce the loss of 

secondary metabolites and to check the quality deterioration of the products for better market demand. 

Dioscorea Introduction 

Dioscorea is a genus of over 600 species of flowering plants in the family Dioscoreaceae, native throughout the tropical and 

warm temperate regions of the world.  It is named after the ancient Greek physician and botanist Dioscorides. There are several 

hundred cultivars of Dioscorea exist; however, only few of them worth of commercial important. Some of popular yam tubers 

grown are Dioscorea rotundata (white guinea), D. alata (yellow), D. bulbifera (aerial), D. opposita (Chinese), D. esculenta (Southeast 

Asian) and D. dumenterum (trifoliate). 

They are tuberous herbaceous perennial lianas, growing to 2–12 m or taller. The leaves are spirally arranged, mostly broad 

heart-shaped. The flowers are individually inconspicuous, greenish-yellow, with six petals; they are mostly dioecious, with 

separate male and female plants, though a few species are monoecious, with male and female flowers on the same plant. The 

fruit is a capsule in most species, a soft berry in a few species. 

Active Principles 

Wang et al. (2009). isolated and identified fourteen compounds as stigmasterol (1), mono-arachidin (2), 1,7-bis-(4-

hydroxyphenyl)-1E,4E,6E-heptatrien-3-one (3), behenic acid (4), demethyl batatasin IV (5), 2,3'-di-hydroxy-4',5'-

dimethoxybibenzyl (6), diosbulbin B (7), diosbulbin D (8), docosyl ferulate (9), 7-bis-(4-hydroxyphenyl) -4E, 6E-heptadien-3-

one (10), 5,3,4-trihydroxy-3,7-dimethoxyflavone (11), tristin(12), protocatechuic acid (13), adenosine. 

Uses 

Yam is a good source of energy; 100 g provides 118 calories. Its crunchy edible part chiefly composed of complex carbohydrates 

and soluble dietary fiber. It is used in cuisines but the yams must be cooked before consumption (due to harmful substances in 

the raw state. Yams are rich in dietary fiber helps reduce constipation, decrease bad (LDL) cholesterol levels by binding to it in 

the intestines and lower colon cancer risk by preventing toxic compounds in the food from adhering to the colon mucosa. Its 
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mucilaginous tuber milk contains allantoin, a cell-proliferate that speeds the healing process when applied externally to ulcers, 

boils, and abscesses. Its decoction is also used to stimulate appetite and to relieve bronchial irritation, cough, etc. 

Cultivation Practices of Dioscorea 

Wild yam prefers partial shade and moist, warm conditions and can grow in different soil types ranging from loam to clay. A 

forest with mixed hardwoods would be ideal. Soil moisture is important throughout the growing season.  Recommended soil 

pH ranges from 5 to 6. Wild yam needs to climb, so when choosing a site, plan for trellises to be constructed. Dioscorea is 

propagated typically through seed or root divisions. If seed is taken then we should prepare nursery beds along with proper 

shade. Since large quantities of seed are not readily available commercially, rhizome divisions may be the method of 

propagation necessary to establish a large planting. Digging a mature plant in the fall, cutting the rhizomes into two to four-

inch pieces. Fibrous roots are attached to the cut rhizome pieces. One inch of soil and a layer of mulch is used for covering the 

cuttings. In the spring, generous amount of compost or well-rotten manure is applied to the beds. The beds should be free from 

weeds and some sort of trellis or support for the vines is also provided. 

Different Methods of Harvesting 

Yams can be harvested once (single harvesting) or twice (double harvesting) during the season to obtain a first (early) and 

second (late) harvest. 

First (Early) Harvest 

The first harvest has also been referred to by the terms “topping”, “beheading”, and “milking”, all of which have been 

considered inadequate and obsolete. In single harvesting, each plant is harvested once and this occurs at the end of the season 

when crop is mature. The harvesting process involves digging around the tuber to loosen it from the soil, lifting it, and cutting 

from the vine with the corm attached to the tuber. The time of harvest is critical in terms of tuber maturity, yield and postharvest 

quality. Depending on the cultivar, the period from planting or emergence to maturity varies from about 6-7 months or even 

6-10 months. 

Second (Late) Harvest 

Periods of 8-10 months and 4-5 months from planting or emergence to maturity have been recommended for double-harvesting 

(Martin, 1984; Onwueme, 1977); harvest first at 5-6 months after planting and then 3-4 months later has also been reported 

(Bencini, 1991). First harvest is carried out by removing the soil around the tuber carefully and cutting the lower portion, 

leaving the upper part of the tuber or the “head” to heal and continue to grow. The soil is returned and the plant is left to grow 

to the end of the season for the second harvest. Some yam cultivars produce several small tubers in the second growth following 

the early harvest. Double harvesting is most applicable to short-term varieties such as D. rotundata, and to lesser extents D. 

cayenensis and D. alata. 

Methods of Harvesting 

1. Hand Harvesting: Harvesting is done by hand using sticks, spades or diggers. Sticks and spades made of wood are preferred 

to metallic tools as they are less likely to damage the fragile tubers; however, tools need regular replacement. Yam harvesting 

is a labour intensive operation that involves standing, bending, squatting, and sometimes sitting on the ground depending on 

the size of mound, size of tuber or depth of tuber penetration. These tubers are usually downgraded. Aerial tubers or bulbils 

are harvested by manual plucking from the vine. 

2. Mechanical Harvesting: Although some success in mechanical yam harvesting has been reported, especially for D. 

composita tubers for pharmaceutical uses (Nystrom et al., 1983), these machines are still limited to research and demonstration 

purposes. The use of a potato spinner has been suggested for harvesting species which produce a number of small tubers 

(Onwueme, 1997). Current crop production practices and species used pose considerable hurdles to successful mechanisation 

of yam production, particularly for small-scale rural farmers. Extensive changes in current traditional cultivation practices, 

including staking and mixed cropping, and possibly tuber architecture and physical properties will be required. 
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Drying 

Curing of yams is recommended before storage so as to “heal” any physical injury, which may have occurred during harvesting 

and handling. This can be accomplished under tropical ambient conditions or in a controlled environment. Traditionally, yams 

are cured by drying the tubers in the sun for a few days. The optimum conditions for curing are 29°-32°C at 90-96% rh for 4-8 

days (McGregor, 1987). Tubers cured at higher temperature (40°C) for 24 hours or treated with gamma radiation at 12.5 krads 

were free of mold and had least losses during subsequent storage. 

Storage 

The three main conditions are necessary for successful yam storage: aeration, reduction of temperature, and regular inspection 
of produce. Ventilation prevents moisture condensation on the tuber surface and assists in removing the heat of respiration. 
Low temperature is necessary to reduce losses from respiration, sprouting and rotting; however, cold storage must be 
maintained around 12-15°C below which physiological deterioration such as chilling injury occurs. Regular inspection of tubers 
is important to remove sprouts, rotted tubers, and to monitor the presence of rodents and other pests.  
The recommended storage temperature is in the range 12°-16°C. Optimum conditions of 15°C or 16°C at 70-80% rh or 70% rh 
have been recommended for cured tubers (Martin, 1984; McGregor, 1987). Transit and storage life of 6-7 months can be achieved 
under these conditions.  
There are several traditional storage structures used for yam storage including:      
1. Leaving the tubers in the ground until required: This is the simplest storage technique practiced by rural small-scale 
farmers. Harvested yams can also be put in ashes and covered with soil, with or without grass mulch until required. 

2. The yam barn: This is the principal traditional yam storage structures in the major producing areas. Barns are usually located 
in shaded areas and constructed so as to facilitate adequate ventilation while protecting tubers from flooding and insect attack. 
Barns consist of a vertical wooden framework to which the tubers are individually attached. Two tubers are tied to a rope at 
each end hung on horizontal poles 1-2 m high. Barns up to 4 m high are uncommon. Depending on the quantity of tuber to be 
stored, frames can be 2 m or more in length. The ropes are usually fibrous, but in Southeastern Nigeria, they are made from 
the raffia obtained from top part of Palm wine tree. Many farmers have permanent barns, which need annual maintenance 
during the year’s harvest. In these situations, growing trees are used as vertical posts, which are trimmed periodically to 
remove excessive leaves and branches. Palm fronds and other materials are used to provide shade. The vegetative growth on 
the vertical trees also shades the tubers from excessive solar heat and rain. The use of open-sided shelves made from live poles, 
bamboo poles or sawn wood has been recommended to enable careful handling and easy inspection in comparison with tying 
tubers to poles which can cause physical damage and rotting (Bencini, 1991). In barn storage, yams have a maximum storage 
life of 6 months and are therefore most suited for long-term varieties. Storage losses can be high and up to 10-15% in 3 months, 
and 30-50% after 6 months if tubers are not treated for rotting using fungicides such as Benlate, Captan or Thiabendazole. 

3. Underground structures: Yams are also stored in underground structures such as pits, ditches and clamps. These are suitable 
for limited storage periods, especially the early varieties that are often harvested before the end of the rainy season. During 
construction of pits, the earth dug out is used to build a low wall around the edge. The temperature in the storage space can 
also be moderated by placing cut vegetation over the ditch, clamp or pit. In these structures, ventilation and rodent attack of 
tubers is a major problem, and it is difficult to inspect the tubers. Well-ventilated, weatherproof, and stronger shelters can be 
built as to improve the performance of the traditional shelters described above. New features may also be provided to exclude 
pests and rodents. A typical improved yam barn has sidewall 1.2 m high and wire mesh to ward off rodents and birds (Akoroda 
and Hahn, 1995). The roof is double thatch and extended to the eaves with smooth floor of cement or mud, and only one entry 
door is provided to guard against entry of rodents. Tubers were stored on platforms or shelves. Tubers stored in such improved 
structures had only 10% spoilage after 5-6 months. 

Microbial Contamination 

The major postharvest disease is tuber rots caused mostly by fungi such as Penicillium spp., Fusarium oxysporum, and 

Botrydiplodia theobromae. The infection starts in the field can persist and lead to rotting during storage. This disease can be 

controlled by planting disease-free material, crop rotation, minimizing physical damage of tuber during postharvest 

operations, treatment of sett or tuber with systemic fungicide or alkaline material such as Bordeaux mixture and providing 

adequate aeration and inspect stored tuber regularly. 
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Okigbo, R.N. (2013) carried out a study at Bimbilla in the Nanumba, North District of Ghana to evaluate possible interactions 

of yam genotypes and storage methods for controlling internal rot in yam. Four local varieties (Labalkor, Kplondzo, Olordor 

and Fushiebila) were studied with four storage methods (barn, pit, platform and heap methods) in a 4 x 4 factorially 

arrangement. There were significant (P< 0.001) differences among genotypes for resistance to internal rot, with Olordor and 

Kplondzo recording the lowest internal microbial rot, suggesting their potential in resisting the disease. There were also 

significant differences (P< 0.05) among the storage methods, with barn and platform being most suitable in reducing the 

incidence of internal rot in yam. The interaction between yam genotypes and storage methods was not significant (P> 0.05). 

Stevia Introduction 

Stevia rebaudiana is a plant species in the genus Stevia of the sunflower family (Asteraceae), commonly known as sweetleaf, 

sweet leaf, sugarleaf. Stevia is widely grown for its sweet leaves, which are the source of sweetener products known generically 

as stevia and sold under various trade names (Mani et al. 2018). 

Active Principles 

The active compounds of stevia are steviol glycosides (mainly stevioside and rebaudioside), which have up to 150 times the 

sweetness of sugar. 

Uses 

1. Stevia extracts are used as food additives and its supplements vary from country to country. In Japan, stevia has been widely 

used for decades as a sweetener as an alternative to cyclamate and saccharin which were suspected of being carcinogens.  

2. Stevia is helpful for hypoglycemia and diabetes because it nourishes the pancreas and thereby helps to restore normal 

pancreatic function. 

3. One of the properties of a liquid extract of stevia has the ability to help clear up skin problems. The Guarani and other people 

who have become familiar with stevia report that it is effective when applied to acne, seborrhea, dermatitis, eczema, etc. Placed 

directly in cuts and wounds, more rapid healing, without scarring, is observed. 

Cultivation of Stevia 

Stevia plant grows well in rich, well drained soils like red and sandy loam soils. The soil should be of fine tilt and natural pH 

level. The land should be initially harrowed and then ploughed to break down the clods. The site should not be susceptible to 

flooding of or pudding. The raised bed should be of 15 cm (height) and 60 cm (width). The distance between two rows should 

be 40 cm and that between each plant 30 cm. This would give a plant population of around 20,000 to 25,000/per acre.  Frequent 

light watering is recommended during the summer months while during winter months as the bed starts losing moisture. 

Stevia plants responds well to fertilizers with lower nitrogen content than fertilizer with Phosphoric Acids or potash content. 

Most organic fertilizers would work well since they release Nitrogen slowly. Since the feeder roots of Stevia plant tend to be 

very near to the surface, it is a good idea to add Compost for extra Nutrients if the soil is sandy. There is no pest and disease 

incidence in this crop. In case any disease symptom is noticed, spraying of neem oil diluted in water is the best organic method. 

Removal of weeds can be done manually. Since the crop is grown on raised beds, interculture operations are easier by manual 

labor. Flowering of the plant should be avoided. Pinching of the apical bud would enhance bushy growth of the plant with 

side branches. 

Harvesting 

First harvest can be made after 4-5 months while the subsequent harvest can be made every 3 months for 3 years. The plant is 

cut just before flowering since the steviocide (sweetener in the leaf) percentage will goes down rapidly at that time. Leaves are 

harvested by plucking in a small quantity or the entire plant with the side branches is cut leaving 10 to 15cm from the base. 

The expected yield would be 2700 kgs of dried leaves per acre. 
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1. Inspect the stevia plant regularly for the development of flower heads. Plan to harvest the stevia as soon as you see flower 

heads starting to develop and before the flowers open. 

2. Cut the stevia plant off cleanly at its base, just above the soil's surface, early in the morning. 

 

Shyu, et al. (1994) studied three lines, K1, K2 and K3, and 3 harvest dates (May, July and September 1990) in combination for 

their effects on the growth, yield and quality. Line K2 showed the highest yield and the highest contents of rebaudioside A 

(RA), rebaudioside C (RC) and total stevia sugar. However, K1 had a higher content of stevioside (ST) and K3 possessed a 

higher RA:ST ratio, which was 30.7 and 2.2 times higher than in K1 and K2, respectively. Because content of RA and RA:ST 

ratio are the current criteria for stevia quality, it appears that K2 and K3 are the most promising lines for future use. Correlation 

analysis showed that dry leaf yield was correlated with leaf size and leaf thickness, content of RA was correlated with RC, and 

the RA:ST ratio was highly correlated with leaf thickness. 

Drying 

1. Drying in room: Plants are easily dried by hanging upside down in a dry, warm, drafty location. Bunch a few plants together 

and bind at the stem end with a rubber band, then slip a paper clip bent into an "S" shape under the rubber band. Hang by the 

other end of the paperclip. If you have lots of plants, hang them from strings or wires strung across the ceiling. After a few 

days, rake leaves from the stems with your fingers and gather for storage in a clean container such as a glass jar. 

Sadvatha et al. (2011) identified different and suitable drying methods for faster and safer method that could help preserve the 

most labile phytochemicals. Shade drying took 26 h for drying stevia leaves from a moisture content of 419.74% (d.b) to 3.95% 

(d.b), sun drying 6-7 h, tray drying at 40 degrees C, 50 degrees C and 60 degrees C were 5 h 45 min, 4 h 30 min and 3 h 45 min, 

respectively, whereas in microwave drying at power level 5 took less time of 10 minutes followed by 12 minutes, 16 minutes 

for microwave drying at power levels 4 and 3, respectively. Stevia is rich in antioxidants and totally innocuous. Also, drying 

of stevia helped to develop a new dip-in tea bag that is on par with commercial product. 

2. Sun drying: An alternative method is to strip fresh leaves from stems and spread on elevated screens in the sunshine, on a 

day with low relative humidity (less than 60%).  

3. Artificial drying: A food dehydrator on low heat (100 F to 110 F) will do an excellent job as well. Leaves are crisp, crumbly, 

and bright green when fully dry. 

Samsudin et al. (2013) found that drying at temperatures of 50-60 degrees C was an effective method in removing moisture 

content of Stevia plants. At this temperature, the quality of dried leaves produced in terms of colour, sweetness and nutrient 

content was better compared with drying at 70 degrees C. The drying process took 5 to 6 h using a laboratory dryer and more 

than 7 h using a pilot scale dryer to reduce the moisture content from 80% to 3-5%. A total of 72-74% dried leaves was obtained 

after threshing the final dried samples. The dried leaves had a brighter (L*), greener (a*) and slightly yellow (b*) colour with 

values of 54, -3.0 and 9 respectively, when dried at 50 degrees C compared to samples dried at 60-70 degrees C. Dried Stevia 

leaves contained stevioside and various types of nutrients and minerals. In every 100 g of dried leaves, there were 16 g protein, 

65 g carbohydrate, 2,805 mg potassium, 620 mg calcium, 268 mg phosphorous and 16 mg vitamin C. Dried Stevia leaves also 

contained soluble sugars at 5-7% brix with pH around 6. 

Storage 

The dried leaves are crushed; this is the final step in releasing Stevia’s sweetening power. The dried leaves are powdered, 

sieved and the fine powder is stored in containers. This can be done either by hand or, for greater effect, in a grinder or in a 

special blender for herbs. Dried leaves can also be stored at low temperature in sealed, plastic lined boxes until processed to 

extract the steviocides. 

Zubenko et al. (1991) Stevia rebaudiana plants do not overwinter outdoors in Russia, and for replanting, new shoots from 

rhizomes lifted in the autumn and stored indoors are used. Roots with a 5-cm 'snag' were lifted when the constant temperature 

did not exceed 5 degrees C anymore and were stored in various media in boxes kept in unheated premises. Survival in a cellar 
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in perlite was 100%, in sand 90%, and in sawdust 83.3%, but in a chamber with higher RH, sand and sawdust were the better 

substrates. In soil alone, survival did not exceed 80%, and in soil:sand (3:1) survival in the cellar was 90%, and in a chamber 

62.5%. Generally, the optimum substrate moisture content was 17-20%, air temperature 5-8 degrees and RH 85%. 

Microbial Contamination 

1. Gray Mold Botrytis Fruit Rot (Botrytis cinerea): This fungus disease attacks the ripe fruit of strawberries, blackberries and 

other fruit, causing them to be enveloped and digested by a cloud of fuzzy gray mold. It is most prevalent in cool weather with 

high humidity. The danger of this disease is one of the reasons strawberry growers fear rainy weather. The best way to prevent 

this disease is to keep your plants dry (use drip irrigation if necessary). Of course, if it rains there isn’t much you can do, except 

to remove infected berries (to reduce source of infection) and give good air circulation. 

2. Septoria Leaf Spot (Septoria apiicola): Septoria leaf spot/blight (Celery leaf spot) Septoria apiicola is a common and serious 

disease of Stevia and is most severe in warm wet weather.  Leaf spot first appears as sunken light brown spots with yellow 

haloes on the outer leaves. These eventually turn tan or gray in the center and may have visible black spore producing bodies 

in the center. Spots then appear on stalks and other leaves and in severe cases the leaves may eventually die and drop off, 

giving a stand of plants a scorched appearance. It is also important to give the plants good air circulation and avoid planting 

in the same place for 3 years. Seedlings should be grown in clean containers and given good air circulation, Discard any plants 

with spots on the leaves. 

Mohammed et al. (2014) conducted a study to assess the microbiological contamination of S. rebaudiana leaf in slurry and dried 

leaves treated by three different drying methods. The findings showed very low contamination of slurry by tested bacterial 

groups except sample C (Resin ADS-7). The microbiological analysis of sun-dried, oven-dried and microwave-dried revealed 

absence of bacteria, yeasts and moulds at all dilutions of Stevia leaf samples except total bacterial in oven-dried sample 

(3.35X102). Therefore, there is a need to improve hygiene during processing, storing, preparation and transportation. The study 

showed that the leaves of S. rebaudiana may be used as an antimicrobial agent in near future. 

Ashwagandha Introduction 

Withania somnifera, known commonly as ashwagandha, Indian ginseng, poison gooseberry, or winter cherry, is a plant in the 

Solanaceae or nightshade family. Several other species in the genus Withania are morphologically similar.  It is used as an herb 

in Ayurvedic medicine. This species is a short annual shrub growing 35 to 75 centimeters tall. Tomentose branches extend 

radially from a central stem. The flowers are small and green. The ripe fruit is orange-red. 

Medicinal Uses 

1. It has anti-stress, adaptogenic, aphrodisiac, sedative, diuretic, antispasmodic, germicidal, anti-inflammatory action. 

2. It is a nervine tonic. 

3. It enhances immunity and endurance. 

4. It is a natural nutrient for insomnia 

5. It is good hypnotic in Alcoholism. 

6. It is bitter in taste and hot in potency so it alleviates vata and kapha. 

7. It stimulates thyroid activity. 

8. Enhances anti-peroxidation of liver. 

Cultivation Practices 

Ashwagandha grows well in sandy loam or light red soil having pH 7.5 to 8.0 with good drainage.  Black soils or such heavy 

soils are suitable for cultivation. It is grown as late rainy season (kharif) crop.  The semi-tropical areas receiving 500 to 750 mm 

rainfall are suitable for its cultivation as rainfed crop.  If one or two winter rains are received, the root development improves.  

The crop requires relatively dry season during its growing period.  It can tolerate a temperature range of 20°C to 38°C and even 

low temperature as low as 10°C.  The plant grows from sea level to an altitude of 1500 meter above sea level.  It is propagated 
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by seeds, raising in nursery beds by thorough mixing with compost and sand.  About 5 kg of seeds are required for planting 

in 1 hectare of the mainfield.  Nursery is raised in the month of June-July. About 35 days old seedlings are transplanted in the 

main field at 60x30cm.   It responds well to organic manures and addition of 10 tonnes FYM / 1 tonne vermicompost per 

hectare is recommended.  Application of 15 kg of Nitrogen and 15 kg of Phosphorous per hectare is beneficial for higher 

production. Under irrigated conditions, the crop can be irrigated once in 10 days. 

Harvesting 

The new crop will be ready for harvesting in about 180 days. This usually results in a harvest around early January. The plants 

will start flowering from mid-December onwards and it is determined if they are ready to harvest by observing the 

development of the red berry like fruits. The whole plant along with the roots is removed from the soil. The roots and berries 

are the main parts used. The plant is separated from the root about 2cm above where the aerial part begins. The berries are 

handpicked and separated from the plant. A typical harvest is usually 350 to 400kg of dried Ashwagandha root per 1 hectare 

of land. 

Wankhade et al. (2010) conducted a field experiment to study the effect of time of harvest on root yield and quality of 

Ashwagandha (Withania somnifera Dunal) was conducted at Nagarjun Medicinal Plants Garden, Dr. Panjabrao Deshmukh 

Krishi Vidyapeeth, Akola (Maharashtra) during 2003-04. The treatments were comprised of five harvesting time viz., T1 - At 

flowering initiation, T2 - 50% flowering, T3 - 100% flowering, T4 - Berry ripening and T5 - At maturity tried in Randomized 

Block Design with four replications. Significantly highest root yield was recorded with the harvesting at 100% flowering stage 

over all the treatments except berry ripening stage. The crude fibre content was also found to increase with the harvesting time 

and the highest fibre content was recorded at maturity stage. The total alkaloids content was significantly highest at 50% 

flowering stage followed by 100% flowering stage. The graded root yield was also influenced by harvesting time and 

significantly highest root yield of A grade was obtained at 100% flowering stage. 

Deepesh et al. (2009) evaluated the optimum time period for the harvesting of the plant with reference to maximum 

concentration of the active principles, i.e. Withanolide-A and Withaferin-A in its roots. It was found that these secondary 

metabolites were maximum in the roots of plants at the age of 10-12 months during which the Withanolide-A and Withaferin-

A contents were recorded 0.0407% and 0.0401%, respectively. This study would be helpful for farmers, collectors of herbal raw 

material, researchers and herbal drug manufacturers in obtaining best quality plant material when the active principles remain 

at their maximum concentration. 

Drying 

Both the roots and berries are then subject to drying. The roots will most likely be cut down into smaller pieces 7-10cm long 

and dried in sun or shed, while the berries are dried whole. Once fully dry, root pieces can be graded in following 3 to 4 grades 

as per its length and thickness. 

Grade of Root Description 

A Root pieces upto 7 cm and diameter upto 1.0 to 1.5 cm, solid, bright and pure white. 

B Root piece upto 5 cm and diameter upto 1 cm, bright and white. 

C Root pieces upto 3-4 cm in length, diameter less than 1 cm, solid, side branches. 

Lower Small root pieces, semi-solid, very thick, yellowish, and chopped. 

Microwave Drying 

Senapati et al. (2014) investigated in the application of microwave for drying of ashwagandha roots. Ashwagandha roots of 

uniform size were used in the drying experiment which were carried out at air temperatures of 40, 50 and 60°C, air velocities 

of 1.0 and 1.5 m/s and microwave power levels of 2, 4 and 6 W/g. Convective- microwave drying was accomplished till the 

moisture content of the ashwagandha roots reduced from initial moisture content of 5.06 kg water/kg of dry matter to a safer 

level of 0.06 kg water/kg of dry matter. The effect of power level increment of convective -microwave drying was reduced the 

drying time thereby increased the drying rate. The quality of ashwagandha roots dehydrated by convective -microwave drying 

was found to be superior to the sun drying process. The optimum operating conditions of ashwagandha roots for power level, 
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velocity and air temperature in convective microwave drying process were 6 W/g, 1.5 m/s and 50°C, respectively and found 

a good quality of dehydrated ashwagandha roots. Corresponding to values of process variables i.e. 6 W/g, 1.5 m/s and 50°C, 

the values of rehydration ratio, total alkaloids content, less ΔE were 4.16, 1.94 % and 5.654, respectively. 

Agrawal et al. (2014) carried out an experiment to adjudge the effect of different drying techniques on colour and withanolides 

content of Withania somnifera. The fresh Ashwagandha roots were dried in shade, sun and cabinet dryer. It was found that in 

cabinet drying about 49 to 52% moisture loss was observed in only 3.15 hour of drying. The drying condition does not affect 

much on colour but the effect of temperature plays an important role in withanolides content due to which maximum 

withanolides was observed in shade drying and minimum in case of cabinet drying (air velocity 1.8 - 2.0 ms-1. 

Storage 

To avoid moisture and fungal attack on the dried roots, it should be stored in tin containers. Berries are hand plucked 

separately. They are dried and crushed to take out the seeds. 

Storage Instruction 

If cared for properly, our Organic Raw Ashwagandha Powder has a shelf life of two to three years. To preserve the freshness 

of this product: 

1. Avoid exposure to heat. The powder will remain fresh if stored at room temperature or below. 

2. Avoid exposure to direct sunlight. 

3. Squeeze all of the air out of the bag before sealing. 

4. Seal the bag tightly after each use. 

5. Store the powder in a dry place, and avoid all contact with moisture. 

 

Landge et al. (2010) the ashwagandha powder @ 0.3%, 0.5% and 0.7% with 40% cane sugar (by weight of chakka), was mixed 

in chakka for manufacture of Shrikhand. The prepared product was stored at 7 degrees C in refrigerator and chemically was 

monitored at regular interval. The moisture content decreased with increase in ashwagandha powder level. Fat increased 

slightly with increasing storage period up to 22 days. After 22 days, fat percentage indicated decreasing trend. Among all 

treated samples, T2 was superior to T1 and T3. Increase in protein content was due to ashwagandha powder. Total sugar in all 

treatment samples and control sample indicated decreasing pattern. Total solids significantly indicated increasing trend during 

storage period because total solids are correlated with moisture per cent. Acidity indicated increasing trend in storage period 

because acidity depends on presence of lactic acid bacteria in Shrikhand samples. pH was also useful for indication of 

deterioration of sample. 

Microbial Contamination 

Though the crop is resistant to major pests and diseases, in some cases insects or mite infestations are noticed. Farmers are 

advised to spray pest repellents such as roger or nuvan 3 per cent diluted in one liter of water three times a week to control 

this infestation. Major disease is damping off, seedling rotting, and seedling blight. Seed treatment with Captan 3 g/kg seed is 

recommended. The crop responds well to organic practices and regular spray of panchagavya (fermented mixture of cow dung, 

cow urine, milk, curd and ghee) helps to increase plant growth and root formation. 

Coleus Introduction 

Coleus forskohlii is part of the mint family (Lamiaceae) of plants and has long been cultivated in India, Thailand and parts of SE 

Asia as a spice and as a condiment for heart ailments and stomach cramps. The roots of the plant are a natural source of 

forskolin, the only plant-derived compound presently known to directly stimulate the enzyme adenylate cyclase, and 

subsequently cyclic AMP. This species is a perennial herb with fleshy, fibrous roots that grows wild in the warm subtropical 

temperate areas in India, Burma and Thailand. It is one of the 150 coleus species, which are commonly cultivated as ornamental 

plants, because of their colorful foliage. The roots of C. forskohlii, unlike other coleus species, are used for health purposes. 

Active Principles 
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Chief alkaloid found is Forskolin. Many other diterpenoids as deacetyl forskolin, 9-deoxyforskolin, 1, 9-deoxyforskolin,1, 9-

dideoxy- 7-deacetylforskolin have been isolated. Other minor phytochemicals are allylroyleanone, barbatusin, plectrin, 

plectirinon A, acetoxycoleosol, coleol, coleonone, coleosol, deoxycoleonol, crocetin dialehyde, napthopyrones. 

Medicinal Uses 

1. Coleus is found to be effective in skin conditions as eczema and psoriasis.  

2. Coleus is primarily indicated for cardiovascular diseases including hypertension, congestive heart failure and angina.  

3. Studies have indicated the use of coleus for asthma, intestinal colic, uterine cramps, as well as painful urination.  

4. Coleus can aid in weight loss due to its ability to breakdown stored fat as well as inhibit the synthesis of adipose tissue, 

additionally, it increases thyroid hormone production and release thereby increasing metabolism.  

5. Ophthalmic preparation of forskolin to the eyes lowers eye pressure thus reducing the risk of Glaucoma. Coleus can aid in 

digestive and malabsorption disorders through its ability to stimulate secretion of saliva, hydrochloric acid, pepsin, amalyase 

and pancreatic enzymes and increase nutrient absorption in the small intestine. 

Cultivation Aspects of Coleus 

Coleus is also cultivated in other Asian countries with a tropical or sub-tropical climate as well as eastern African countries 

with a tropical climate. Coleus grows at an optimal rate in soils that have good drainage. Coleus can grow equally well in sites 

with direct exposure to sunlight as well as in partially shaded areas.  Coleus is propagated by seeds. Seeds are inexpensive and 

easily obtainable. To germinate, simply sprinkle seeds on the surface soil and press down. Seeds need light to germinate, so 

avoid covering the seeds. To keep seeds moist, grow in a container and cover with plastic, or mist seeds daily. Sprouts can 

show colour in as little as two weeks. Alternatively, cuttings can be taken. Cuttings root readily in plain water, without the 

addition of rooting hormone (although it is still beneficial). Planting is done during June – July. Planting is done at 60 x 45 cm 

spacing (37,030 plants/ha). In low fertile soils, planting is done at 60 x 30 cm which requires 55, 500 plants/ha. Incorporate 15 

t/ha of FYM during last ploughing. NPK at 30:60:50 kg/ha is applied in two split doses at 30 and 45 days after planting. Apply 

10 kg ZnSo4/ha to avoid micronutrient deficiency. Irrigation is given immediately after planting and subsequently at weekly 

intervals of time. 

Harvesting 

Crop is ready for harvest 41/2 to 5 months after planting. The plants are loosened, uprooted, the tubers separated, cleaned and 

sun-dried for the extraction of “forskolin”. 

On an average, a yield of 1500-2000 kg/ha of dry tubers may be obtained. However, if proper cultivation practices are applied, 

a yield of up to 2500 kg/ha. of dry tubers can be easily obtained.  However, flowers, if any should be nipped off during the 

growing period to obtain more biomass of roots. 

Harvesting Coleus Seeds 

1. Tie a colorful string or yarn around one or two of the healthiest coleus plants. When the plants begin to fade in autumn, the 

string will remind you which the strongest plants are. 

2. Harvest seeds when the petals have dropped from the flowers and the remaining seed pods are plump, dry and brown. 

3. Snip the seed pod with scissors or garden shears. Drop the pods into a paper sack. 

4. Place the sack in a cool, dry location. Shake the sack every day to keep the seeds from sticking together. Shaking the sack 

also promotes even drying. 

5. Allow the seeds to dry for at least two weeks or until the seeds are completely dry. To check for dryness, press your fingernail 

into a seed. A dry seed will crack or break. If the seeds aren't dry, check again in two more weeks. Seeds that aren't completely 

dry are likely to rot. 

6. Pour the contents of the sack on a shallow dish or tray and use tweezers to pick out the leaves and other plant debris. 
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7. Place the seeds in a paper envelope. Write the date and type of seeds on the envelope. Never store seeds in plastic, as the 

seeds may mold. 

8. Store the envelope in a cool, dry, dark location until spring. 

Mastiholi et al. (2009) conducted a field experiment was to study the effect of harvesting time on forskolin content and yield in 

medicinal coleus (Coleus forskohlii Briq.). Harvesting the crop at 180 and 160 days after planting (DAP) recorded significantly 

higher forskolin content and yield per plant. Thus, for getting higher forskolin yield the crop can be planted at 60 cm x 20 cm 

and harvested at 180 DAP under irrigated condition. 

Mastiholi, A.B. (2009) conducted a field study and found that harvesting time of 160 and 180 days after planting (DAP) were 

equally superior in terms of yield attributes and tuber yield. Thus, planting C. forskohlii at higher plant density of 83, 333 

plants/ha and harvesting at 160 DAP was found optimum for getting higher tuber yield. 

Drying 

After harvesting, the shoots are cut and planted again. The roots are dried well after cutting in 1-1.5-inch pieces under shade 

until it reaches 8 % moisture level. 

Suchismita et al. (2012) conducted experiments to optimize the drying parameters in hot air-microwave combination drying of 

borage (Coleus aromaticus) leaves which are medicinal in nature. Response surface methodology (RSM) was used to investigate 

the effect of microwave blanching power level (MWBPL), hot air-drying temperature (HAT), hot air-drying time (HAt) and 

microwave drying power level (MWDPL), in a two-stage hot air-microwave combined drying of borage leaves. The optimum 

process conditions were determined to be 730W, 65 degrees C, 30 min and 650W for microwave blanching power level 

(MWBPL), hot air drying temperature (HAT), hot air drying time (Hat), microwave drying power level (MWDPL) respectively 

with an output of 1050.42 mg/100 g, 372.23 micro M/g and 33.67 min for total phenolics (TP), antioxidant (AO) and total drying 

(TDT) respectively.  

Suchismita et al. (2012) studied the effect of selected drying methods on the quality characteristics of the leaves. The drying 

methods considered were hot air drying (50 degrees C-80 degrees C), fluidized bed drying (50 degrees C-80 degrees C), and 

microwave drying(180-900W). Considering the total drying time, therapeutic and sensory attributes of the dried leaves, it is 

proposed to dry the leaves at 60 degrees C and 540W in hot air dryer and microwave dryer respectively to obtain an acceptable 

product. Overall analysis of the drying behaviour and quality characteristics of dried leaves indicated that the microwave 

drying could preserve maximum therapeutic quality followed by hot air drying. As the leaves lost most of the medicinal 

components for which these are valued in a fluidized bed drying, the scope of fluidized bed drying for preservation of leaves 

was ruled out. 

Storage 

After the material is cut, it is sold and if the grower wants to store the material, the dry roots can be stored for about 5-6 months. 

Reuff et al. (1988) cryopreserved callus and cell suspension cultures and stored for various periods in liquid nitrogen. Sorbitol 

was the only additive used during preculture and during cryoprotection treatments. The best results were obtained using cells 

from the early growth period. The duration of storage was 3, 6, 12 and 15 months. Cell viability could be improved considerably 

either by thawing the samples rapidly in a 60 degrees C water bath (instead of 45 degrees C) or by thawing them in a microwave 

oven. After a short period of recovery growth on semi-solid agar medium, the cells were cultured under standard conditions. 

Growth characteristics and accumulation of rosmarinic acid, a compound of pharmaceutical value, were found to lie within 

the range of untreated controls. 

Microbial Contamination 

Singh et al. (2011) Medicinal coleus (Coleus forskohlii) is an important medicinal crop which contains forskolin in their roots. 

Because of continuous collection of roots from the wild sources, this plant has been included in the list of endangered species. 

The crop has a great potential in future due to the expected increase in demand for forskolin which is widely used in glaucoma, 

cardiac problems, eczema, asthma, and hypertension and also used in the treatment of certain types of cancers. With the present 

annual production of about 100 tons from 700 ha in India, cultivation of C. forskohlii is picking up because of its economic 
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potential. However, the crop has not become very popular among farmers because of its susceptibility to many diseases of 

which root- rot/wilt is the most important, causing serious losses affecting the tuber yield. The present review focuses on 

various diseases of important medicinal plant C. forskohlii and their management. 
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Introduction 

India has agriculture-based economy so the sustainable development of agriculture is the need of the country. In India, 

agriculture supports about 70% of the population for their livelihood. Crop production is the major component of agriculture, 

crops provides food, feed, fuel and fiber. Farmers are facing many problems in crop production viz. lower productivity of 

crops, higher damage to crops by disease and pest, competition with weeds. Indian soils are having problematic conditions 

causing problems in crop growing areas. Climatic conditions are not favorable for all the crops in all the growing seasons. 

These concerns are leading to develop the genetically modified crops in India. 

Genetic Modification 

Genetic modification refers to techniques used to manipulate the genetic composition of an organism by adding specific useful 

genes. A gene is a sequence of DNA that contains information that determines a particular characteristic/trait. All organisms 

have DNA (genes). Genes are located in chromosomes. Genes are units of inheritance that are passed from one generation to 

the next and provide instructions for development and function of the organism. 

Genetically Modified Crops 

1. Crops that are developed through genetic modification are referred to genetically modified (GM) crops. 

2. Genetically modified crops are plants used in agriculture and the DNA of which has been modified for desired characteristics 

by the use of genetic engineering methods. 

Steps Involved in Development of GM Crop 

The main steps involved in the development of GM crops are: 

1. Isolation of the gene(s) of interest: Existing knowledge about the structure, function or location on chromosomes is used to 

identify the gene(s) that is responsible for the desired trait in an organism, for example, drought tolerance or insect resistance.  

2. Insertion of the gene(s) into a transfer vector: The most commonly used gene transfer tool for plants is a circular molecule 

of DNA (plasmid) from the naturally occurring soil bacterium, Agrobacterium tumefaciens. The gene(s) of interest is inserted 

into the plasmid using recombinant DNA (rDNA) techniques. For additional information see Plasmids link 

3. Plant transformation: The modified A. tumefaciens cells containing the plasmid with the new gene are mixed with plant 

cells or cut pieces of plants such as leaves or stems (explants). Some of the cells take up a piece of the plasmid known as the T-

DNA (transferred-DNA). The A. tumefaciens inserts the desired genes into one of the plant’s chromosomes to form GM (or 

transgenic) cells. The other most commonly used method to transfer DNA is particle bombardment (gene gun) where small 

particles coated with DNA molecules are bombarded into the cell.  

4. Selection of the modified plant cells: After transformation, various methods are used to differentiate between the modified 

plant cells and the great majority of cells that have not incorporated the desired genes. Most often, selectable marker genes that 

confer antibiotic or herbicide resistance are used to favor growth of the transformed cells relative to the non-transformed cells. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            630 | P a g e  
 

For this method, genes responsible for resistance are inserted into the vector and transferred along with the gene(s) conferring 

desired traits to the plant cells. When the cells are exposed to the antibiotic or herbicide, only the transformed cells (containing 

and expressing the selectable marker gene) will survive.  

5. Regeneration into whole plants: Regeneration into whole plants via tissue culture involves placing the explants (plant 

parts/cells) onto media containing nutrients that induce development of the cells into various plant parts to form whole 

plantlets. Once the plantlets are rooted, they are transferred to pots and kept under controlled environmental conditions. 

6. Verification of transformation: Verification of plant transformation involves demonstrating that the gene has been inserted 

and is inherited normally. Tests are done to determine the number of copies inserted, whether the copies are intact, and whether 

the insertion does not interfere with other genes to cause unintended effects. Testing of gene expression (i.e., production of 

messenger RNA and/or protein, evaluation of the trait of interest) is done to make sure that the gene is functional.  

7. Testing of plant performance: Testing of plant performance is generally carried out first in the greenhouse or screenhouse 

to determine whether the modified plant has the desired new trait and does not have any new unwanted characteristics. In the 

field, the plants are first grown in confined field trials to test whether the technology works in the open environment. If the 

technology works then the plants are tested in multi-location field trials to establish whether the crop performs well in different 

environmental conditions. If the GM crop passes all the tests, it may then be considered for commercial production. 

8. Safety assessment: Food and environmental safety assessment are carried out in conjunction with testing of plant 

performance.  

9. Approval for commercialization: After satisfied results of safety assessment approval for commercialization given. 

Positive Impact of Genetic Modification 

1. It allows a much wider selection of traits e.g. not only pest, disease and herbicide resistant but also potentially drought 

resistance and improved nutritional contents. 

2. It is faster and lower in cost. 

3. Desired change can be achieved in very few generations. 

4. Allows greater precision in selecting characteristics. 

5. Reduces risk of random occurrence of undesirable traits. 

These advantages could, in turn, lead to a number of potential benefits, especially in the longer term, for the consumer, 

industry, agriculture and the environment, the benefits are as follow:  

1. Improved agricultural performance with less labour input and less cost input.  

2. Benefits to the soil of “no-till” farming practice.  

3. Reduced usage of pesticides and herbicides.  

4. Ability to grow crops in previously inhospitable environments. 

5. Removal of allergens or toxic components, such as the research in USA to produce a nonallergenic GM peanut and a 

nonallergenic GM prawn (Tulane University); and in Japan, to produce a GM Nonallergenic rice. 

6. Improved nutritional attributes such as: Ingo Potrykus's EU research project jointly funded by the Rockefeller Foundation, 

resulting in increased Vitamin A content in rice, which will help to prevent blindness among children in Southeast Asia. 

7. Improved processing characteristics leading to reduced waste and lower food costs to the consumer.  

8. Prevention of loss of species to endemic disease (e.g. the Cavendish dessert banana which is subject to two fungal diseases 

that have struck Africa, South America and Asia, but could be reprieved by GM development of a disease resistant version).  

9. GM has huge potential for mankind in medicine, agriculture and food. In food, the real benefits are not the early instances 

that have been appearing so far, but its long-term benefit to the world and especially the developing countries its potential for 

developing crops of improved nutritional quality, and crops that will grow under previously inhospitable conditions. 
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10. The important point is not only how to feed the world now but addressing and trying to solve the problem of "How shall 

mankind feed the world in a few decades from now?” Of course, the problem that has huge political and economic dimensions 

will not be solved by GM alone, or even by science alone but will certainly not be solved without the contribution of science, 

including GM.  

11. Food scientists and technologists can support the responsible introduction of GM techniques provided that issues of product 

safety, environmental concerns, ethics and information are satisfactorily addressed. 

Negative Impacts of GM Crops 

There are some unintended impacts of GM crops on environment, health, markets Environment, Unintended environmental 

impacts include harming non-target and/or beneficial species in the case of crops with engineered insecticidal properties, as 

well as the development of new strains of resistant pests. Unintended impacts of GM crops are: 

1. Health: At present, there is no evidence to suggest that GM foods are unsafe. However, there are no absolute guarantees, 

either. Unintended health impacts from GMOs concern allergens, antibiotic resistance, decreased nutrients, and toxins.   

2. Allergens: Because protein sequences are changed with the addition of new genetic material, there is concern that the 

engineered or modified organism could produce known or unknown allergens.  

3. Antibiotic resistance: Plant genetic engineers have frequently attached genes they are trying to insert to antibiotic resistance 

genes. This allows them to readily select the plants that acquire the new genes by treating them with the antibiotic. Sometimes 

these genes remain in the transgenic crop that has led critics to charge that the antibiotic resistance genes could spread to 

pathogens in the body and render antibiotics less effective.  

4. Decreased nutrients: Because the DNA of genetically engineered plants is altered, there is concern that some GMOs could 

have decreased levels of important nutrients, as DNA is the code for the production of nutrients. However, it must be noted 

that nutritional differences also have been documented with traditionally bred crops.   

5. Introduced toxins: Residual toxins resulting from introduced genes of the bacteria Bacillus thuringiensis in so called Bt. 

crops are unlikely to harm humans. This is because the toxin produced by the bacteria is highly specific to certain types of 

insects. Prior to its inclusion in GE/GM crops, Bt. has been used as a biological insecticide, causing no adverse effects in humans 

consuming treated crops.   

6. Naturally occurring toxins: There is concern that genetic engineering could inadvertently increase naturally occurring plant 

toxins. However, traditional plant breeding also can result in higher levels of plant toxins. 

Moral Issues Related to GM Crops 

Moving genes from animals to plants gets you into a whole moral, religious, and political firestorm. This statement illustrates 

the primary contention point for the most common ethical moral argument against GMOs. For those who believe that humans 

do not have the right to create life that humans are stewards of the earth's species, or that humans are equals with other species, 

combining genes in ways that would not occur in the normal process of evolution conflicts with their personal philosophy of 

life. However, the argument has been made that genetic engineering is morally justified as it can be used to alleviate disease 

and starvation. While the argument for alleviating disease is supported by the case of genetically engineered human insulin 

and not yet commercialized projects that seek to deliver vaccines via food crops, the argument for alleviating hunger has yet 

to be borne out. GM crops have yet to increase yields on par with hybridization in corn, and it must be remembered that simply 

growing more of a crop does not guarantee that it will reach people who are starving. 

Objective of GM Crop Development 

1. Integrated pest management. 

2. Herbicide tolerance. 
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3. Nutritional enhancement. 

4. Increased yield. 

5. Stress tolerance. 

6. Plant based pharmaceuticals. 

GM Crops in India 

1. India has fifth position in area under GM crops cultivation. 

2. Area 11.4 m ha (2019) 

3. Cotton is single crop grown in India in term of GM crops. 

Bt. Cotton 

1. Genetically modified variety of cotton that produces an insecticide. 

2. Marketed by Monsanto, USA. 

List of transgenic cotton (Bt. cotton) 

Trade name Bt. Protein Company Insect, pest 

Bollgard Cry1Ac Monsanto Tobacco budworm, cotton bollworm and 

pink bollworm 

Bollgard II Cry1Ac + Cry2ab Monsanto Tobacco budworm, cotton bollworm and 

pink bollworm 

Widestrike Cry1Ac + Cry1Fa Dow Tobacco budworm, cotton bollworm and 

pink bollworm 

Advantages of Bt. Cotton 

1. Yield superiority 

2. More profit 

3. Lesser need to pesticide 

4. Better quality 

5. Suitability for early sowing 

Bt. Cotton in India 

1. India is the largest cotton producer and consumer country after china. 

2. It accounts for approximately one third of the total cotton planted in the world. 

3. In India Gujarat is the leading state in cotton cultivation after Maharashtra 

4. In 2002 Bt. cotton was introduced in India. 

Crops Under Development and Field Trials 

1. 11 crops are under various stages of contained field trials. 

2. Including brinjal, cotton, cabbage, corn, groundnut, pigeon pea, castor, tomato, rice, okra and cauliflower. 

3. Traits include insect resistance, herbicide tolerance, virus resistance, nutritional enhancement, salt tolerance and fungal 

resistance. 

Advantages of Gm Crops 

1. Improved yields with less labor input and less cost input. 

2. Reduced usage of pesticides and herbicides. 

3. Crops have ability to grow in previously inhospitable environment such as drought conditions, soil salinity, extremes of 

temperature and consequences of global warming. 

4. Improved sensory attributes of food e.g. flavor, texture etc. 
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5. Improved nutritional attributes such as vitamins and proteins. 

6. Improved processing characteristics leading to reduced waste and lower food cost. 

7. Prevention to endemic disease. 

Conclusion 

Crop production in India facing the following problem of lower crop yield, higher incidence of disease and pests, reduced 

growth due to stress, lower quality of produce, environmental pollution due to high use of plant protection chemicals. To 

overcome these problems GM crops seems to be adopt because GM crops provides improved yields with less labor input and 

less cost input, reduces usage of pesticides and herbicides, crops have ability to grow in previously inhospitable environment 

such as drought conditions, soil salinity, extremes of temperature and consequences of global warming and improved sensory 

attributes of food e.g. flavor, texture etc., improved nutritional attributes such as vitamins and proteins, improved processing 

characteristics leading to reduced waste and  lower food cost to consumer and the GM crops have prevention to endemic 

disease. 
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Introduction 

Plant-parasitic nematodes (PPNs) are considered as one of the major biotic constraints in global crop production system. 

Currently, chemical nematicides are used for the management of PPNs in different crops around the world. However, with 

increased concerns about serious health implications of these chemical nematicides to human being and environment following 

their indiscriminate usage, the chemical nematicides are discouraged. Thus, search of safe alternative method for the 

management of PPNs is warranted. In this context, the practice of biofumigation has emerged as eco-friendly alternative for 

management of PPNs. Biofumigation involves the incorporation of mechanically chopped brassicaceous plant material into 

the soil to control PPNs. 

Biofumigation and its Mode of Action 

Biofumigation is an agronomic practice involving the incorporation of brassicaceous plant biomass to the moist soil to supress 

the soil borne PPNs through the deleterious impact of bio-compounds released from decomposing brassica tissues.  The effect 

of biofumigant is attributed the release of volatile and toxic isothiocyanates (ITCs) originated from the hydrolysis of secondary 

metabolite glucosinolates present in the tissues of brassica plants. In addition to the glucosinolates, decomposing brassica 

tissues release other volatile compounds i.e. methyl sulphide, dimethyl sulphide, dimethyl disulphide, carbon disulphide, 

methanethiol which are sulphur containing compounds play a pivotal role in biofumigation process. The active sites of 

isothiocyanates and other volatile compounds target the biological nucleophiles of nematodes. They target mainly on ‘thiol’ 

and ‘amine’ groups of nematode enzymes. The maximum activity of biofumigation is reported from green, lush tissues and 

full bloom brassicas due to the higher production of glucosinolates. 

Method of Application 

1. The field should be well prepared before the crop residues incorporation, it can be done directly, if brassica crop grown in 

same field or brought from anther field.  

2. Brassica crop at flowering stage is suitable for incorporation. Recommended dose for incorporation of crop residues were 50 

t / ha. However, if the severity of PPNs or soil borne fungal pathogens was more, then dose can be increased up to100 t / ha. 

3. Crop residues should be distributed uniformly and the field should be irrigated till soil reached to optimal moisture level. 

Sprinkler system is the best option for irrigation, if the farmer having micro-irrigation system facility 

4. Then, cover the soil surface tightly with a transparent polyethylene sheet for at least 3-4 weeks to retain the volatiles produced 

from the biodegradation.  

5. The polyethylene sheet can be removed after exposure period and also soil should be slightly disturbed in order to permit 

the gases to escape from soil.  
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Fig: Protocol of Biofumigation with Brassica crop residues in to the soil for management of plant parasitic nematodes. 

Impacts of Biofumigation 

Indian mustard (Brassica juncea L.) biomass has shown maximum suppressive effect on plant parasitic nematodes and some 

soil borne pathogens (Griffiths et al., 2011). Maximum reduction of root knot nematode (Meloidogyne incognita) was recorded 

in different cultivars of brassicas species like GLS-2 (80%) followed by Neelam (68%) of Brassica napus and Karan Tara (65%) 

of Eruca sativa (Singh and Devindrappa, 2019). Biofumigation also promotes multiplication of beneficial microorganisms in 

the soil. These beneficial microorganisms suppress the soil borne pathogens by competing with space, food and shelter. In 

addition, beneficial microbes multiply faster as compared to pathogens (Griffiths et al., 2011). 

Conclusion 

The restricted usage or withdrawal of effective chemical fumigant nematicides necessitated research towards search of 

alternative. Biofumigation is one of the alternative strategies that can be exploited for managing plant parasitic nematodes. 

Nevertheless, knowledge of basic principles of biofumigation, such as selection of Brassica spp., stage of incorporation and field 

management should be known to enhance its efficacy. Biofumigation has good potential to suppress the plant parasitic 

nematodes infecting various agricultural and horticultural crops, hence this eco-friendly practice should be explored by 

integrating with other nematode management components. 
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Introduction 

Water is one of the most essential natural resources for sustaining life. The country like India which is an agriculture-based 

economy needs to be the availability of surplus quantity of water resources. The availability of water resources makes India in 

water-rich among the top ten countries. But a small percentage is stored in inland water bodies and groundwater aquifers. Due 

to topographic constraints, technical limitations, distribution patterns, and poor management of these water resources do not 

permit India to harness it efficiently. In India, rivers have been the lifelines of agriculture for irrigation purposes and other 

activities. Integrated water management plays a vital role in poverty reduction, environmental sustenance, and sustainable 

economic development. Because of the rapid increase in population, urbanization, and industrialization, the demand for water 

for meeting various requirements is continuously increasing. According to the Aqueduct Water Risk Atlas (AWRA) released 

by the World Resources Institute (WRI), India is under the 13th most water-stressed country among the world's 17 ‘extremely 

water-stressed’ countries. The most of rainfall over India occurs in June to September month every year and about 4,000 billion 

cubic meters water contributing from rainfall. However, the uniform distribution of rain over India is not the same throughout. 

The different part of the country receives different rainfall magnitude. Therefore, the distribution of these rainfall water is 

different in the different parts of country. Due to uneven distribution, the availability of water is scarce in some parts while 

availability is abundant in some parts of the country. One of the solutions to solve the country’s water woes is to create 

interlinking of rivers from water abundant areas to water-scarce areas. River Linking is a project of linking two or more rivers 

by creating a network of manually created reservoirs and canals. The assumption made in the interlinking of rivers is that the 

surplus water in some rivers can be diverted to deficit rivers by creating a network of canals to interconnect the rivers. In India, 

the River Inter-linking project has been divided into three parts: a northern Himalayan rivers inter-link component, a southern 

Peninsular component and an intrastate river linking component (starting from 2005). This interlinking project is being 

managed by India's National Water Development Agency (NWDA), under its Ministry of Water Resources. NWDA has studied 

and prepared reports on 14 inter-link projects for Himalayan component, 16 inter-link projects for Peninsular component and 

37 intrastate river linking projects. 

History 

The Inter-linking of Rivers in India planned by British irrigation engineer and general sir Arthur Cotton. In the 1970s, a dam’s 

designer and former irrigation minister Dr. K.L. Rao suggested “National Water Grid". He was attentive and work in the field 

about the severe shortages of water in the Southern part and repetitive flooding in the Northern part of India every year. In the 

same time, several inter-basin transfer projects had already been successfully implemented in India and Dr. K. L. Rao 

recommended that the success be scaled up in those areas. In 1980, Ministry of Irrigation (now the Ministry of Water Resources, 

River Development and Ganga Rejuvenation) and Central Water Commission formulated the plan for 'National Perspectives 

for Water Development. In 1982, The National Water Development Agency (NWDA) was constituted to study basin-wide 

surpluses and deficits and look into the feasibility of storing, linking and transferring water. During this time that the outline 

to divide the project in two components of Himalayan and Peninsular was planned but the plan was again abandoned by the 

Congress party. The river inter-linking idea was revived in 1999, after a new political alliance formed the central government. 

On 31 October 2002, After hearing a public interest petition the Supreme Court asked the Central Government to complete this 

plan expeditiously, for it to develop a plan by 2003 and also pointed out to fulfill it by 2016. In February 2012, while disposing 

a Public Interest Litigation (PIL) lodged in the year 2002, Supreme Court (SC) denied to give any direction for implementation 
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of Rivers Interlinking Project. SC directed the Ministry of Water Resources to formed an experts committee to chase the matter 

with the governments as no party had pleaded against the implementation of Rivers Interlinking Project. 

Cost of Project Implementation 

The total cost of implementation is Rs. 560,000 crore at 2002 price levels.This cost consists of Rs.106,000 crore for the peninsular 

component, Rs.185,000 crore for the Himalayan component and Rs. 269,000 crores for the hydroelectric component. In terms 

of usage, the cost is estimated as Rs. 135,000 crores for the power component and Rs. 425,000 crores for irrigation and water 

supply. 

Advantages from Interlinking of Rivers (ILR) 

The implementation of River Interlinking Programme under National Perspective Plan would give advantage in the following 

areas: 

1. Irrigation: This will lead to addition of 35 million hectares for irrigation. It will increase the irrigation potential from 140 

million hectares to around 175 million hectares. 

2. Flood prevention: With a network of rivers, flood problems can be greatly avoided by channeling excess water to areas that 

are not experiencing a flood or are dry. 

3. Generation of 

electricity: These 

projects will lead to 

the generation of 

34,000-megawatt 

power. 

4. Transportation: The 

newly created 

network of canals 

opens up new routes 

and ways of water 

navigation, which is 

generally more 

efficient and cheaper 

compared to road 

transport. 

5. New job 

opportunity: 

Interlinking creates a 

new occupation for 

people living in and 

around these canals 

including fishing in 

India. 

Source: National 

Water Development Agency 

Fig.1 Proposed Inter Basin Water Transfer Link 
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Disadvantages from Interlinking of Rivers (ILR) 

The river changes their course in 70–100 years is one of the major concerns and thus, once they are linked, change of river 

courses could create huge practical problems for the project in the future. 

1. Environmental costs: Deforestation, soil- erosion, destruction of fisheries, aquatic and terrestrial biodiversity, pollution 

concentration from adjoining industries, destruction of source of groundwater recharge and increased methane emission from 

reservoirs, submergence of land and forests etc. 

2. Rehabilitation: Difficult to rehabilitation of river 

3. Social unrest: Psychological damage due to forced resettlement of local people (for example, Sardar Sarovar Project)  

4. Political effects: Strained inter-state relationship or with neighbor’s country (like Pakistan, Bangladesh). Bangladesh has 85% 

of the country’s freshwater flow from the Brahmaputra and the Ganges and is grappled with fear that diversion of water would 

result in an ecological disaster. Meanwhile, in India, many states including Kerala, Andhra Pradesh, Assam, and Sikkim have 

already opposed ILR projects due to its political issues. 

Conclusions 

Interlinking of rivers is a good solution for the scarcity of water if interlinking has to be done after detailed socio-economic 

studies without causing any problem to the environment, people and economy. Interlinking of rivers may affect the native 

species of Rivers in the terms of their feeding and breeding activity, pollution concentration in rivers and the livelihood of 

displaced people. There are a number of cheaper, socially and environment friendly options available to us, which can result 

in even larger benefits than a grand project. These include increasing irrigation and project-specific efficiency, rational cropping 

patterns, putting to use our existing mega infrastructure which is under-performing, using water equitably, harvesting 

rainwater, ground water recharging, and managing demand better, among others. It is advised to do the environmental impact 

assessment before interlinking the rivers. 
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Disease Management of Onion 

1. Purple blotch (Alternaria porri): Small white sunken spots develop on leaves. The lesions enlarge and turn purple under 

moist condition. The bulb tissue becomes papery. 

Management:  

a. Three summer ploughings reduce the disease severity.  

b. Spray Mancozeb or copper oxychloride (2g/liter) at 10 days interval, if required.  

2. Downy Mildew (Peronospora destructor): There is violet growth of fungus on the surface of leaves and flower stalks which 

later become pale-green yellow and finally collapse.  

Management:  

a. Follow crop rotation with a 4-year break in onion cultivation.  

b. Maintain field hygiene and sanitation. Remove primary infected onion plants.  

c. Spray Zineb @ 0.2%.  

3. Onion Smut (Urocytis cepulae): It is a soil borne disease and infects cotyledon and seedlings which result in heavy mortality.  

Management:  

a. Treat nursery soil with Thiram or Captan (0.2%) along with Methocal sticker.  

b. Treat the seed before sowing with Thiram or Captan (3 g/kg of seed).  

4. Stemphylium blight: It appears on onion leaf as well as on leaf stalk. Infection appears as small yellow to pale orange spots 

or streaks in the middle of leaves/flower stalks on one side.  

Management: Spray crop with mancozeb (0.25%) along with sticker triton can control the disease. 

Disease Management of Cucurbits 

1. Powdery mildew (Erysiphe cichoracearum/Sphaerotheca fuliginea): Powdery mildew is often serious in dry weather and is 

the main cause of early dying of plants. White or greyish spots with powdery mass appear on the upper surface of leaves which 

may cover the whole plant.  

Management: Spray with dinocap or bitertanol or hexaconzole @ 0.05% at the first appearance of symptoms on the 

leaves have been reported effective.  

2. Downey mildew (Pseudoperonospora cubensis): It does not attack the fruit but causes defoliation and yield loss. Symptoms 

first evident are as blocky, chlorotic spots that become later necrotic. Grayish fungal sporulation may be observed on the 

underside of the lesions. Poor air circulation and overhead watering aggravate the problem.  

Management: Spray the crop with zineb (0.25%) to control this disease.  

3. Anthracnose (Colletotrichum orbiculare): Leaves initially show small, pale yellow or water-soaked areas that enlarge rapidly 

and turn tan to dark brown. These lesions may develop holes or cracks in the center. Depending on weather, spotting may 

occur on young plants and fruit especially in late plantings.  

Management:  

a. Grow resistant varieties such as Poinsette (cucumber), Arka Manik (water melon).  

b. So the seed after treatment with Blitox or Bavistin (2.5 g/kg of seed).  
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4. Fusarium wilt (Fusarium oxysporum): A fatal fungal disease that cause wilting of plants followed by dying. Symptoms may 

include white mold on the vines, stunted growth and discolored roots.  

Management:  

a. Follow long term crop rotation.  

b. Seed treatment and drenching of soil with blitox or bavistin (2.5 g/kg of seed) help in managing this disease.  

5. Angular leaf spot (Pseudomonas syringae pv. lachrymans): Disease appear as small circular water-soaked lesions which 

later become irregular and angular with yellow margins on the leaves. Warm, wet weather may cause stem and leaf spots in 

mid-season.  

Management:  

a. Use disease free seed. Follow crop rotation.  

b. Avoid overhead irrigation and working when leaves are wet.  

6. Fruit rot: Symptoms occur on the underside and blossom end of the fruit that are in contact with soil. As the disease 

progresses, lesions become sunken and irregular in shape which result in rotting of the entire fruit.  

Management:  

a. Treat the seed with carbendazim or thiram or captan (2.5 g/kg of seed).  

b. Avoid flood irrigation.  

7. Cucumber mosaic: Plants have mottled yellow-green and green leaves, and may be stunted. They may show epinasty, 

downward bending of the petioles. It is transmitted by aphids, so control this pest at right stage is essential. 
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Introduction 

Pest forecasting is the perception of future activity of biotic agents which would adversely affect crop production. It is the 

prediction of severity of pest population which can cause economic damage to the crop. 

1. From operational view point, these models can be distinguished as 

a. Predictive models, which can be used for Insurance  

b. Quantitative models, which are useful for good management. 

2. Methodological point of view, the models may be classified as 

 a. Analytical bio-physical models   

 b. Statistical models and 

 c. Dynamic simulation models 

3. Benefits of using pest forecast models  

a. Conservation of natural enemies.  

b. Precision farming. 

c. Preparedness of crop protection managers and farmers.  

d. Avoidance of excessive use of pesticides. 

e. Reduction in cost of production 

f. Environmental protection. 

4. Pre requisites for developing a forecast model: 

a. Quantitative seasonal studies 

b. Life history and biology of the pest  

c. Ecological studies of the pest 

d. Crop phenology  

e. Natural enemies 

f. Agro ecosystems 

g. Surveillance of pests 

h. Modelling of pest population 

i. Data requirement 

Weather Related Forecasting Model 

Observations to be noted: 

1. Crop data: Phenological development, Growth, Leaf area and Variety 

2. Insect pest data: Pest population, Weather Data Required (hourly for ten or more years) 

Precipitation, Temperature, Sunshine/cloudiness, Relative humidity, Leaf wetness, Wind direction and speed. 

Degree-Day Models 
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1. Degree-days (DD) are used in models because they allow a simple way of predicting development of cold-blooded organisms 

(insects, mites, bacteria, fungi, plants). 

2. Degree-day models have long been used as part of decision support systems to help growers predict spray timing or when 

to begin pest scouting. 

3. 1 degree-day (DD)-DD is way of measuring of Insect growth and development in response to daily temperature. 

Calculating Degree-Days 

Accumlated growing degree days =  ∑ (𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛𝑛
𝑖=0 )-Tb 

                                                                            2 

Tmax = maximum temperature (°C) 

Tmin = minimum temperature (°C) 

Tb = base temperature (°C) 

GDD Approach 

This method is based on the assumption that the pest becomes inactive below a certain temperature known as base temperature 

GDD = (mean temperature – base temperature) 

Under Indian conditions, mean temperature is seldom below 50 C. 

GDD Approach 

1. EPIPRE (EPidemics PREdiction and PREvention): It is a system of supervised control of diseases and pests in wheat. The 

participating farmers do their own pest monitoring, simple and reliable observation and sampling techniques. Farmers send 

their field observations to the central team, which enters them in the data bank. Field data are updated daily by means of 

simplified simulation models. Expected damage and loss are calculated and used in a decision system, that leads to one of 

three major decisions   treat, don't treat, make another field observation. 

2. Generic Pest Forecast System (GPFS): Combination of multiple weather variables and biological processes into a single 

predictive model where in temperature, relative humidity, leaf wetness (hourly), growth, mortality, infection predict timing 

and abundance of specific life stages, estimate damage to specific host plants based on pest and host phenology.  

3. Oriental Fruit Fly: Highly polyphagous and extremely invasive, Development is temperature driven, Available data sets of 

distribution records and seasonal observations available for validation, Comparisons made with CLIMEX-compare locations. 

4. Ordinal logistic model: The Models for qualitative data, pest / disease outbreak can be taken even if the information on the 

extent of severity is not available but merely the epidemic status is accessible , models have added advantage that these could 

be obtained even if the detailed and exact information on pest count / disease severity is not available but only the qualitative 

status. 

5. P(E=1) =[1/1+exp(-z)] +1: where z is a function of weather variables, Forecast / Prediction rule:  If P ≥.5 more chance of 

occurrence of epidemic. If P < .5 probability of occurrence of epidemic is minimum. 

6. Uses of ANN (Artificial Neural Network technique): ANN provides an efficient alternative tool for forecasting.  Neural 

Networks don’t make any distributional assumption about the data.  It learns the patterns in the data, while statistical 

techniques try to do model fitting. ANNs can often correctly infer the unseen part of a population even if data contains noisy 

information. This makes neural network modeling a powerful tool for exploring complex, nonlinear biological problems like 

pest incidence 
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7. CIPRA (Computer Centre for Agricultural Pest Forecasting): The CIPRA (Computer Centre for Agricultural Pest 

Forecasting) is a software that allows the user to visualise forecasts of insect development. Within CIPRA, there are forecasting 

models for a total of 35 pests (25 insects and 10 diseases). In vegetables (cabbage, carrot, onion, potato, tomato), fruits (apple, 

grape, strawberry), and cereals (wheat, barley, corn). Each crop has its own independent computer programs file, known as 

DLL (Dynamic Link Library), which makes possible their integration in other specialized software. 

8. PEST-MAN: PEST-MAN is a computerized forecasting tool for apple and pear pests developed by Canada. 

9. MORPH: MORPH is a predictive computer model for horticultural pest developed by UK. 

10. SOPRA: SOPRA is applied as a decision support system for eight major insect pests of fruit orchards developed by 

Switzerland and southern Germany. 

11. SIMLEP: The SIMLEP decision support system for Colorado potato beetle (Leptinotarsa decemlineata)- developed by 

Germany and Austria. 

Watchdog Weather Trackers 

1. Records and displays conditions in your orchard, vineyard or green house that can alert you to insect 

and plant disease pressure on the spot. 

2. Values are calculated based on sensor readings taken every 15 minutes. Current readings are updated 

every 15 seconds 

3. Programs up to three-degree day memories and one chill hour memory 

4. A solar radiation shield and 15minute degree day data point interval results in exceptionally accurate 

degree day calculation. 

5. Built in data logger, Store your events, nonvolatile memory,  

6. More than enough memory for complete growing season 

7. Displays the current conditions in addition to the daily high/ low temperature readings, degree days, 

leaf wetness hours, disease pressure 

8. Recalls the last 30 days of detail data, as well as 12 months of summaries 

9. Replace the batteries without losing valuable weather data 

10. Battery: 8-month battery power source. 

(watch dog weather tracker image source:  

spectrum technologies 2020) 

Conclusion 

The pest forecasting models give  information about the occurrence of pest in relation to the climatic conditions beforehand so 

that  related management techniques can be adopted and untimely sprayings can be avoided, for suppose if a severe downpour 

is expected to occur in an area, awareness can be created by the stakeholder’s viz., extension personnel of the State Department 

of Agriculture to  farmers to avoid spraying any chemical, as the heavy rain may wash off the chemical sprayed. These 

forewarning systems are designed and developed to impart scientific knowledge and skills to the farmers/growers / 

Entrepreneur as a preventive measure. 
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Disease Management of Chrysanthemum 

1. Basal stem rots (Causal organism: Pythium and Rhizoctonia sp.): 

a. Rot due to Pythium sp.: Decay start near the soil surface rather than in the root system. Diseased area has brown 

colouration. Fungus form a brown coloured web over the crowded plants. 

b. Rot due to Rhizoctonia sp.: Rotting start at the root tips. Roots become brown and blackdepending upon the stage 

of decomposition. It may destroy the root system and cause a slow retardation in growth. Pre planting sterilization of 

soil with formalin (0.2%) and regular drenching with thiram controls the spread of infection to neighbouring cuttings. 

c. Stem rot and wilt (Causal organism: Fusarium oxysporum): Disease appears only after the appearance of flower 

buds although infection might have occurred even in rooting beds. Stem near soil becomes dark brown and dries. 

Lower leaves turn yellow and plant wilt permanently afterwards.  Soil application of dithane M-45 (0.2%) controls the 

disease. 

2. Grey mould (Causal organism: Botrytis cinerea): The fungus can attack the plant at any stage from rooting bed to flowers 

in transit. I cause girdling of stem which results in death of upper part. Leaf infection starts from margin and proceeds towards 

centre and base, showing semi-circular bands.  Flower infection starts with brown water-soaked spots on lower petals. Proper 

aeration, more planting distance and spraying captaf (1g/l) or thiram (3g/l) provides good control. 

3. Chrysanthemum ray blight (Causal organism: Didymella chrysanthemi): It affects all plant parts but most severely affect 

the shoots and flowers which develop reddish petal spots on light coloured cultivars and brownish spots on darker coloured 

types. The disease often begins with the rotting of terminal buds while the leaves are affected by patches of brown black decay. 

When large lesions form at the base of stem, the plants may develop small yellow and often shriveled leaves.  Destroy diseased 

plants and avoid high humidity in greenhouse. After the appearance of symptoms, spray at least three times at weekly intervals 

with Zeneb or Thiram (0.2%). 

4. Chrysanthemum stunt (Causal organism: Chrysanthemum stunt virus): Reduce flower size. Pale foliage with margins 

falling to enlarge giving stiff appearance. Red and bronze flowers, often bleached, may open prematurely. As the virus is 

transmitted through the wounds the tools used to cut or pinch affected plants should not be used on healthy plants without 

proper sterilization. Use cuttings from healthy plants. 

Disease Management of Carnation 

1. Wilt (Causal organism: Fusarium oxysporum f. sp. dianthi): It is favoured by warm temperature and can cause very high 

percentage of mortality. Chief symptoms are abnormal growth and stunting of young shoots. Leaves become yellowish and 

the stems are soft so as to easily crushed. The entire plant wilts and collapses in a short time after the attack. The part of the 

stem in contact with the soil shows shredding of bark while the wood beneath remains firm. If pulled, the plant breaks off 

easily. Since the Fusarium pathogen occurs in the vascular elements it may be already infected when removed from parent. 

Clean vegetative propagules can be obtained through the cultured cuttings, apical meristems, single cell cultures and indexing 

procedures. Always use pathogen free stock.  Soil should be kept free from pathogens by clean cultivation, soil treatment with 

fumigants, steam sterilization, etc.  This disease can be prevented by drenching of soil around the plants base with carbendazim 

(0.1%) or Bavistein (0.2%). 
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2. Alternaria leaf spot and blight (Causal organism: Alternaria dianthi Stevens and Hall): This is most serious foliar disease 

of carnation. Small and purple coloured spots appear on the leaves. Under moist conditions these enlarge to form leaf spots up 

to one cm in diameter. The margins of the lesions are usually purple in colour and the centre is grey-brown and black spores 

may be present in this area. In severe cases, leaves get dry and become dead. This also affects the stems at nodes where it enters 

through the wounds or growth cracks producing black lesions.  Destruction of diseased debris and Dithane M 45 (0.2%) 

spraying are recommended. 

Disease Management of Marigold 

1. Leaf Spot (Causal organism: Alternaria tagetica and Alternaria zinnia): It produces small, blackish-brown, circular spots 

initially which spread fast and become irregular later and cover large areas. Marigold is also attacked by Alternaria zinnia Pape 

which produces leaf blight or marginal-blight symptoms. The infection appears as minute spots which later enlarge to form 

large irregular spots or blotches that are amphigenous and light brown to dark brown. Dithane M-45 (0.2%) or copper 

oxichloride (0.2%) spray may reduce the infection. 

2. Flower bud rot (Causal organism: Alternaria alternate and Alternaria dianthi): This disease is serious in humid climate. 

The infection appears on young unopened buds as dark brown spots. Buds do not open properly and the flower quality is 

adversely affected.  Dithane M-45 (0.2%) or copper oxichloride (0.2%) spray may reduce the infection. 

3. Septoria leaf spot (Causal organism: Septoria tageticola): Oval to irregular, smoky-grey to black spots, interspersed with 

minute, black fruiting bodies appear. Infection starts from the lower leaves and progresses upwards. Dithane M-45 (0.2%) or 

Bavistein (0.1%) spray may reduce the infection. 

Disease Management of Tuberose 

1. Foot and tuber rot (Causal organism: Sclerotium rolfsii): Disease appears in patches and cause wilt and stems rot.  A fan 

shaped mycelid strand of the fungus appears at the base of the infected plants and in later stages brown and round sclerotia 

develop on the mycelia growth.  This fungus initially attacks the roots and later spreads to the tubers and petioles which induce 

rooting. Soil application of thiram (0.2%) or bavistein (0.5%) three times at 20 days interval may control the disease. Soil 

drenching with fumigants is also effective against this fungus. 

2. Blossom blight (Causal organism: Fusarium equiseti): Light brown lesions devlop on petals which soon darken and result 

in the drying of the tissue. The blighted blossom drops off from the plants. Tips of the florets become brown under humid 

conditions on which brown spore masses develop.  Application of benomyl (0.2%) as a foliar spray reduces the disease. 
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Agriculture production is directly dependent on climate change and weather. Possible changes in temperature, precipitation 

and CO2 concentration are expected to significantly impact crop growth. The overall impact of climate change on worldwide 

food production is considered to be low to moderate with successful adaptation and adequate irrigation (IPCC1988). Global 

agricultural production could be increased due to the doubling of CO2 fertilization effect. Agriculture will also be impacted 

due to climate changes imposed on water resources (Gautal et al. 2007). India will also begin to experience more seasonal 

variation in temperature with more warming in the winters than summers. India has experienced 23 large scale droughts 

starting from 1891 to 2009 and the frequency of droughts is increasing. Climate change is posing a great threat to agriculture 

and food security. Water is the most critical agricultural input in India, as 55% of the total cultivated areas do not have irrigation 

facilities. Currently we are able to secure food supplies under these varying conditions. All climate models predict that there 

will be more extreme weather conditions, with more droughts, heavy rainfall and storms in agricultural production regions. 

Such extreme weather events will influence where and when diseases will occur, thereby imposing severe risks and potential 

crop failure. In developing countries like India, climate change is an additional burden since ecological and socioeconomic 

systems already face pressures from rapid population, industrialization and economic development. India’s climate could 

become warmer under conditions of increased atmospheric carbon dioxide. In India, average food consumption at present is 

550 g per capita per day, whereas in China and USA are 980 and 2850 g, respectively (Mall et. al.2005). The country faces major 

challenges to increase its food production to the tune of 300 mt by 2020 in order to feed its ever-growing population which is 

likely to reach 1.30 billion by the year 2020. To meet the demand for food from this increased population, the country’s farmers 

need to produce 50% more grain by 2020. The total gross irrigated area has more than quadrupled from 22.6 million ha in 1950–

51 to 99.1 million ha in 2011-2012. Although, agriculture contributes 14% in the Gross Domestic Product (GDP) in India, 64% 

of the population depends on agriculture for their livelihood. Over the years, demand for water has increased due to 

urbanization, increasing population, rapid industrialization and other developmental initiatives. In addition, changes in 

cropping and land-use patterns, over-exploitation of groundwater and changes in irrigation and drainage have modified the 

hydrologic cycle in many climate regions and river basins of India. Availability of water is the most important factor in 

agricultural production. Water quality and quantity are serious constraints for agriculture in most parts of India. 

Agriculture must adapt to changing climatic conditions by tapping water resources and developing improved water 

management approaches. Simultaneously, there is also need to develop and implement technologies and policies which will 

help in reducing and mitigating greenhouse gas emissions. Therefore, assessment of the availability of water resources is future 

national requirement and expected impact of climate change and its variability is critical for relevant national and regional 

long-term development strategies for sustainable development. India is home to 16% of the world population, but only 4% of 

the world water resources. Agriculture is directly dependent on climate, since temperature, sunlight and water are the main 

drivers of crop growth. While some aspects of climate change such as longer growing season and warmer temperatures may 

bring benefits in crop growth and yield, there will also be a range of adverse impacts due to reduced water availability and 

more frequent extreme weather conditions. These impacts may put agricultural activities at significant risk. Climate change 

has already caused significant damage to our present crop profile and threatens to bring even more serious consequences in 

the future (WHO, 1992). Wheat yields are predicted to fall by 5-10% with every increase of 1°C and overall crop yields could 

decrease up to 30% in South Asia by the mid-21st century. India could experience a 40% decline in agricultural productivity by 

the 2080s. Rise in temperatures will affect wheat growing regions, placing hundreds of millions of people at the brink of chronic 

hunger. In India, the growing population is a major concern, and there is a need to understand the availability of water in terms 

of increase in population growth. A decline has been projected in mean per capita annual freshwater availability and growth 

of population from 1951 to 2050. Indian agriculture consumes about 80-85% of the nation’s available water. The quantity of 
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water required for agriculture has increased progressively through the years as more and more areas were brought under 

irrigation. Surface water and groundwater resources have played a significant role in irrigation and also in attaining self-

sufficiency in food production during the past three decades. Availability and utilization patterns have been studied in India, 

and changes have been observed in surface temperature, rainfall, evaporation and extreme events since the beginning of the 

20th century. 

Impact of Climate Change on Crop Productivity 

Rainfall in India has a direct relationship with the monsoons which originate from the Indian and Arabian Seas. A warmer 

climate will accelerate the hydrologic cycle, altering rainfall, magnitude and timing of run-off. Warm air holds more moisture 

and it will result in an increase in evaporation of surface moisture. Climate change has a direct impact on crop 

evapotranspiration (ET). In arid regions of Rajasthan state an increase of 14.8 per cent in total ET demand has been projected 

with increase in temperature (Goyal 2004). The study further indicates that even a marginal increase in ET demand due to 

global warming would have a larger impact on the fragile water resources of arid zone ecosystem of Rajasthan. Therefore, 

change in climate will affect the soil moisture, groundwater recharge, and frequency of flood or drought, and finally 

groundwater level in different areas. Effect of climate change will affect water cycle. In addition, rise in sea level will increase 

the risk of permanent or seasonal saline intrusion into ground water and rivers which will have an impact on quality of water 

and its potential use of domestic, agricultural and industrial uses. Climate change will have number of effects on agriculture. 

Higher temperatures and changing precipitation patterns will severely affect the production patterns of different crops. 

Agricultural productivity will also be affected due to increased carbon dioxide in the atmosphere. All these changes will 

increase the vulnerability of the landless and the poor. Several recent analysis have concluded that the higher temperatures 

expected in coming years will disproportionately affect agriculture in the planet’s lower latitudes where most of the world’s 

poor live. In such a scenario, agriculture will need better management of natural resources like land, water and genetic 

resources to make it more resilient. India has made a National Action Plan on Climate Change which was unveiled in 2008. 

There are eight national missions that would form the core of the national plan. These include national missions for solar 

energy, enhanced energy efficiency, sustainable habitat, conserving water, sustaining the Himalayan ecosystem, a “Green 

India”, sustainable agriculture and strategic knowledge platform for climate change. However, there are some innovative 

responses by water utilities to address these climate change risks and it has resulted in pushing the frontiers in a number of 

areas. It includes desalination, re-use and storm water harvesting and aquifer recharge. It would be worthwhile to give high 

priority to "more crops per drop" approach, rainwater harvesting, aquifer recharge, revival of water bodies and conservation 

technologies. In the last decade, the Central Government has tried to address the issue through several initiatives such as 

subsidies for micro-irrigation (which optimizes water usage for agriculture), national watershed development project for rain 

fed areas and artificial recharge to ground water through dug wells in hard rock areas and rural water supply enhancement 

programmed through the catchment area approach. In 2007, Union Ministry of Water Resources of the country initiated a 

Farmer Participatory Action Research Programmed in over 2000 villages all over the country to assess the impact of water 

saving technologies on agriculture production. It has been found that yield and income can be increased by 50 to 100 per cent 

in most of the crops by using water saving technologies. Additional yield of 1 ton per hectare can be realized through 

supplemental irrigation. Our agriculture is more prone to monsoon rains as we are growing high water requiring crops like 

rice and sugarcane. We should increase area under low water requiring but high value crops like pulses and oilseeds to counter 

the erratic monsoons. 

Conclusion 

Global climate change is not a new phenomenon. The effect of climate change poses many threats; one of the important 

consequences is bringing about changes in the quality and quantity water resources and crop productivity. It can be concluded 

that the Indian region is highly sensitive to climate change. Agriculture sector is the most prone sector as it will have a direct 

bearing on the living of 1.2 billion people. India has set a target of halving greenhouse gas emissions by 2050. There is an urgent 

need for coordinated efforts to strengthen the research to assess the impact of climate change on agriculture, forests, animal 

husbandry, aquatic life and other living beings. 
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Disease Management of Rose 

1. Die-Back (Casual organism: Diplodia rosarum): This is the most common disease of rose. The disease causes death of the 

plant top downwards. Initially, it is evident by blackening of the stem from the pruned end. Severe infestation leads to the 

death of the plant. As it is a weak pathogen it gains entry into the plant through wounds, injuries and pruning cuts. The affected 

parts should be cut away and burnt. The pruning cut should be oblique to prevent accumulation water. The pruned end should 

be sealed with proprietary fungicide like Bourdeaux paste or copper oxy chloride. The disease can also be effectively controlled 

by spray of carbendazim. 

2. Powdery mildew (Casual organism: Sphaerotheca pannosa): This disease is the major fungal pathogen of roses grown in 

greenhouses and also an important disease on field grown roses. The disease is evident by powdery growth of the fungus, 

particularly on the lower side of the leaves. The disease appears when days are warm and nights are cool. Flower buds infected 

fail to open. Sanitation is very important to prevent the spread of the disease. All the infected debris should be burnt. The 

disease can be effectively controlled by sprays of bavistin, benlate, karathane, bayleton and calixin. 

3. Black spot (Casual organism: Diplocarpon rosae): The disease is evident by dark brown, circular spots with fringed borders. 

The spots expand and coalesce. The leaves turn brown and fall. The infested debris should be burnt. The diseases can be 

controlled with chlorothalonil, fenarimol and benlate. R. wichuriana, R. rugosa, R. laevigata, R.multiflora,  R. virginiana  and R. 

roxburghii were highly resistant to black spot. 

4. Downy mildew (Casual organism: Peronospora sparsa): Downy mildew is more common in greenhouse grown roses. 

Infections occur on young plants during extended periods of cool, humid weather in early to mid-spring.  Infected leaves 

develop purplish red to dark irregular spots. Later leaves drop prematurely resulting in complete defoliation of the plant.  

Downy mildew is effectively controlled by spraying chlorothalonil, Fosetyl-aluminum and Ridomil. 

5. Rust (Casual organism: Phragmidium sp.): The disease is evident by reddish orange pustules on leaflets and petioles. Later 

the colour changes to black. In case of severe infection, defoliation occurs. The disease can be controlled by sulphur and 

oxycarboxin. 

Disease Management of Gladiolus 

1. Fusarium wilt (Causal organism: Fusarium oxysporium f. sp. gladioli): The main symptom is inter-veinal leaf tip yellowing 

which extends down the leaf and the whole leaf gradually turns brown and becomes narrow. This disease also results in 

curving, bending, arching, stunting, drying of leaves. The leaf infection is also associated with root and corm rots in field as 

well as in storage. Dark colour streaks develop on corm base. Use resistant varieties together with soil drench of Carbendazim 

for days after planting and three times at 10-day interval is recommended. Crop rotation, sanitation, early lifting and proper 

curing of corms at 29.5 - 30°C for about one week and hot water treatment of corms and cormels at 53-55°C for 30 minutes 

reduce the disease. Thiram, Captan sprays can be reduce the incidence. 

2. Curvularia blight/ leaf spots (Causal organism: Curvularia trifolii f. sp. gladioli): Yellowing and browning of leaf tips 

occur. Small to medium red spots which are dark brown in colour, rounded, elongated or irregularly shaped surrounded by a 

reddish-brown ring, mostly shallow. This disease attacks young leaves, survives in corms and in soil and is carried on seed. It 

is also destructive to cormel planting and may develop on flowers during warm humid weather. As soon as the disease appears, 
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sprays should be applied every other day, especially during wet weather. Spray 0.2% Dithane M-45 and miltox (Copper 

oxychloride +zineb) each at fortnightly intervals. 

3. Bacterial leaf spot (Causal organism: Xanthomonas germisudans): They may damage leaves in warm rainy season. Crowded 

plants grown from cormels are mostly affected. Rotting of leaf sheath and stem at soil level. Cut the flowers for use or break 

out old flower heads only when foliage is dry. Also avoid working among wet plants. Avoid use of excess N fertilizer which 

results in lush growth.  Hot water treatment of corms and cormels at 53-55°C for 30 minutes can reduce the disease. 

4. Botrytis blight and flower rot (Causal organism: Botrytis gladioli): It is destructive to leaves and flowers.  Botrytis survives 

in corms, soil and in plant debris.  Disease develops during cool wet weather conditions. Leaves are more susceptible to 

infection after frost injury. Small circular reddish-brown sunken spots and results in spongy tissue during rot. Keep the relative 

humidity low (< 80%) and maintain good air circulation. Do not plant too densely. Roughing of affected plants and removal of 

all infected debris can reduce disease incidence. Hot water treatment of corms and cormels at 53-55°C for 30 minutes can reduce 

the disease. Application of mancozeb may check the disease. 

5. Storage rot (Causal organism: Penicillium gladioli. Other fungi responsible for storage rot are the species of Aspergillus, 

Rhizopus, Alternaria, etc.): It appears in the form of black, brown greenish or yellowish mouldy growth or the corms may rot 

and emit a foul smell. Wounding of corms at the time of digging or during handling should be avoided. Hot water treatment 

of corms and cormels at 53-55°C for 30 minutes can reduce the disease. Avoid damp storage conditions. The high temperature 

should be avoided as it may cause rapid rotting of corms under humid conditions. 
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Insect Management of Tomato 

1. Tomato fruit borer: External symptoms appear in the form of a bored hole. Initially, the larvae feed on tender foliage but 

later on it moves on to flower buds, flowers and developing fruits. The caterpillars make holes into fruits by keeping half of 

their body inside the fruits and half outside and render them unfit for market. 

Management:  

a. Crop transplanted late in summer (June) escapes the damage of fruit borer.  

b. Inundative release of egg parasitoid, Trichogramma chilonis and T. brasssiliensis @ 50,000-75,000 adults/ha.  

c. Apply nuclear polyhedrosis virus (NPV) @ 250-500 LE/ha.  

d. Application of Bacillus thuringiensis alone (1.0 litre/ ha) at flowering and fruit setting stage.  

e. Foliar application of carbaryl (0.1%)/ deltamethrin (0.0028%) and acephate (0.05%) when one larva per five plants is 

observed. Observe a waiting period of 10 days before picking fruits.  

f. Use of African marigold as trap crop. 

 

2. Fruit fly: The maggots (larvae) after hatching feed on pulp of the fruits and render them unfit for human consumption. 

Management: 

a. Field sanitation i.e. removal and destruction of dropped fruits and infested fruits daily to minimize the pest intensity.  

b. Use of pheromone traps (Palam trap @ 25/ha) for monitoring pest population.  

c. Application of malathion (0.05%) cover spray which kill the insects on contact or a bait spray that attracts and kill 

the adults. Bait spray is prepared by adding 50 g gur + 10 ml Malathion in 10 L water. 

Insect Management of Chilli 

Insect-pests Management 

1. Fruit Borer: Adults lay eggs on the upper and lower side of leaf. Larva bore circular holes and usually thrust only head inside 

the fruit and may destroy many fruits. 

Management: 

a. Spray deltamethrin (0.0028%) or spray 5% neem seed kernel extract to kill early stage larvae.  

b. Use other insecticides listed for Tomato Fruit Borer. 

 

2. Aphids and Thrips: These insects suck cell sap as a result the plants lose their vigour. 

Management: Spray Malathion (0.05%) and repeat the spray after 15 days if required. 

Insect Management of Onion 

1. Onion thrips: It is the major pest of onion and garlic. Onion plants infested with thrips develops spotted appearance on the 

leaves which turn into pale white blotches due to drainage of sap. The adults hibernate in soil, on grass and other plants in the 

onion field. 

Management: Application of Malathion (0.05%) or cypermethrin (0.01%) is effective.   

 

2. Onion maggot: Maggots enter the bulbs through roots and attack the tender portion. Infested plants turn yellowish brown 

and finally dry. The affected bulbs rot in storage as infestation leads to secondary infection by pathogenic organisms. 

Management: 
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a. Crop rotation should be followed.  

b. Application of phorate @ 10 kg/ha is beneficial. 

3. Mites: They suck sap and plants turn yellow with sickly appearance. 

Management: 

a. Infested bulbs should be exposed to sun for 2 days.  

b. Dusting of sulphur in the onion fields @ 22 kg/ha can be helpful. 
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Disease Management of Potato & Brinjal 

Article id: 236825 

Bhunesh Diwakar: Rural Agriculture Extension Officer Chhattisgarh Government 

Madan Kumar Jha: Rural Horticulture Extension Officer Chhattisgarh Government 

 

Disease Management of Potato 

1. Early Blight (Alternaria solani): Spots with concentric rings of brown to black colour are formed on the leaves. Heavily 

infected leaves fall off after drying. Spots also appear on stems. 

Management:  

a. Destroy crop debris by burning.  

b. Spray mancozeb or zineb @ 2g/l or 0.3% copper oxychloride at fortnight intervals 3-4 times.  

c. Grow resistant varieties e.g. Kufri Naveen and Kufri Jeevan. 

 

2. Late Blight (Phytophthora infestans): Lower leaves are infected generally from margin or apex and having cottony growth 

on the lower side. Water soaked lesions appear on the margins. Tubers decay under severe infection. 

Management: 

a. Use disease free certified seed.  

b. Follow crop sanitation.  

c. Spray Ridomil MZ 72@ 2g per litre of water.  

d. Grow resistant varieties like Kufri Griraj and Kufri Himsona. 

 

3. Brown Rot (Ralstonia solanacearum): Wilting and stunting of plants occur. The disease is soil and seed borne. 

Management: 

a. Follow crop rotation with maize and wheat.  

b. Use disease free tubers. 

 

4. Black scurf (Rhizoctonia solani): Sprouts are killed before emergence. Cankers cause wilting of plants. Black crust on tubers 

gives ugly appearance. 

Management: 

a. Use disease free certified seed.  

b. Seed tubers should be treated with recommended fungicides.  

c. Follow crop rotation 

Rot knot nematode Keep land fallow for a quite long time. Follow crop rotation. Nematicides like DD @ 225 l/ha 

should be injected in the soil. Place between the rows EDB @ 175 kg/ha 2 weeks before planting. 

Other Common Diseases Disease and Management 

1. Common Scab:  Seed treatment with 0.5% Agalol-3 for 30 minutes. Grow scab resistant varieties. 

 

2. Verticillium Wilt (Soil borne): Use disease-free seeds. Follow long crop rotations. 

 

3. Charcoal Rot: Surface disinfection with some fungicides. 

 

4. Wart disease: Soil sterilization by steam, mercuric chloride, copper sulphate or 5% formalin. Grow resistant varieties–Kufri 

Jyoti, Kufri Sherpa and Kufri Kanchan. 
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5. Black Leg and Soft Rot: Use disease-free seeds. Long crop rotations. 

 

6. Bacterial Soft Rot: Remove diseased tubers from healthy ones before storage. Treat seed tubers with 0.5% solution of Agalol-

3/Aretan-6/Emisan-6 before storage for 30 minutes. 

 

7. Viral diseases 

 

8. Latent Mosaic: Virus is mechanically transmitted (PVX, PVS or PVM). Use disease free seeds. Local quarantine. 

 

9. Mild Mosaic: Use disease free seeds. Grow resistant varieties. 

 

10. Rugose or Vein-banding Mosaic: Use disease free seeds. Grow resistant varieties. 

 

11. Purple top leaf roll: It is transmitted by leaf hopper. Use of certified disease-free seed. Control insect vectors by spraying 

systemic pesticides. 

Disease Management of Brinjal 

1. Phomopsis blight (Phomopsis vexans): Portion of fruit is bleached and gives burning appearance. 

Management:  

a. Treat the seed with thiram @3 gm per kg of seed.  

b. Spray the crop in the nursery with mancozeb.  

c. Grow resistant variety like Pusa Bhairav. 

 

2. Bacterial wilt: Symptoms are similar as that appear in tomato crop. 

Management: Grow resistant varieties Arka Nidhi, Arka Keshav, Hisar Shyamal. 

 

3. Little Leaf: Caused by Mycoplasma transmitted by leaf hoppers. The affected plants remain shorter in structure. The leaves 

are malformed, narrow and remain short. Floral parts turn into leaf-like structures. No fruit bearing takes place. 

Management: Remove and destroy the affected plant at early stage. 
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Disease Management of Gerbera & Lilium 

Article id: 236826 

Bhunesh Diwakar: Rural Agriculture Extension Officer Chhattisgarh Government 

Madan Kumar Jha: Rural Horticulture Extension Officer Chhattisgarh Government 

 

Disease Management of Gerbera 

1. Foot rot and root rot (Causal organism: Phytophthora sp. Pythium sp.; Rhizoctonia solani): The plants killed in the nursery 

stage known as damping off and also at various stages of crop growth. These pathogens are favoured by water logged 

conditions and high humidity. Seed treatment with Captan, use of healthy seeds so as to get healthy nursery, avoidance of 

water logged conditions, good sanitation and proper application of fertilizers are general control measures. 

 

2. Anthracnose (Causal organism: Colletotrichum gloeosporiodes): It produces circular, scattered, reddish brown spots which 

collapse with one another in moist weather and involve large areas, thereby resulting in withering rolling and drying of leaves. 

Spraying with Bavistein (0.1%) gives an effective control. Excess water or overcrowding of plants should be avoided. Infected 

debris should be burnt in time. 

 

3. Blossom blight (Causal organism: Botrytis cinerea): Light brown irregular water-soaked areas appear on flower stalks 

which enlarge and coalesce producing distinct depressed lesions.  The infection spreads on the entire flower. The stalk of the 

base is girdled which causes drooping and death of plants. Deep planting, bad drainage and poor ventilation predispose the 

plants to infection and should be avoided. Infected plants should be removed and destroyed. Seed treatment with benlate 

(0.1%) or thiram (0.2%) helps in preventing the disease. 

Disease Management of Lilium 

1. Foot rot (Causal organism: Phytophthora cactorum): Infected plants turn violet brown at the base of the stem and then the 

infection moves upwards. The leaves become yellow acropetally. In severety, plants fall over due to collapse of the stem. 

Provide proper drainage. Avoid cultivation in wet weather. Remove affected plants from the site and destroy them. Hot water 

treatment of bulbs for 2 hours at 39°C followed by a 30-minute dip in 0.2% benomyl eliminates infection and stimulates plant 

growth. 

 

2. Fusarium Scale Rot (Causal organism: Fusarium oxysporum f.sp. Liliae): Yellowing of foliage and wilting are the initial 

symptoms. Bulbs appear healthy but roots develop a reddish coloured decay at their tips. The plants remain stunted with 

yellow foliage and extensively rotted scales. The infected scales later fall away or shatter from the basal plate. Use resistant 

cultivars.  Removal of infected plants and soil treatment with formalin or steam sterilization also helpful in controlling disease. 

Hot water treatment of bulbs for 2 hours at 39°C followed by a 30-minute dip in 0.2% benomyl eliminates infection and 

stimulates plant growth. 

 

3. Botrytis blight (Causal organism: Botrytis elliptica and Botrytis cinerea): The first symptoms of the disease initially appear 

as small, circular or elongated, sunken spots or water soaked. The centre becomes reddish brown at first and is gradually 

surrounded by a yellowish zone and becomes pale brown on enlargement. Flower buds thus produced are shrivelled, distorted 

or disfigured depending on the severity. Use disease free stock and resistant plant material for healthy flower production. 

Removal of all old foliage and flowers from field is necessary to eliminate the inoculums potential. 
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4. Bacterial Soft rot (Causal organism: Bacillus lilii, Pectobacterium carotovorum): The bulbs become soft and wet decay 

occurs. All diseased bulbs should be discarded. Healthy bulbs should be planted in well-drained soil. Avoid any injury to the 

bulbs while lifting from soil. 

Viral diseases of lily are caused by tulip breaking virus, lily symptom less virus, cucumber mosaic virus, etc. 
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Insect Management of Garden Pea & Okra 

Article id: 236827 

Sarvesh Brahman: Rural Agriculture Extension Officer Chhattisgarh Government 

Madan Kumar Jha: Rural Horticulture Extension Officer Chhattisgarh Government 

 

Insect Management of Garden Pea 

1. Pea aphid: It attacks young vine sucking the juice from growing tip, later covering the whole plant. It causes curling of the 

leaves and pods. 

Management: Spray Dimethoate @ 0.01% or spray of 0.06% nicotine sulphate 

 

2. Pod borer: The young caterpillars first feed on the surface of the pods, bore into them and feed the seeds. 

Management: Spray Malathion or Cypermitherin @ 0.01% 

 

3. Leaf minor: The greenish larvae make serpentine tunnel in the leaves and feed on it. The infested leaves wither and dry. 

Flowering and pod formation are drastically affected. 

Management: Spray Cypermethrin or Fenitrothion or Fenthion @ 0.01% 

 

4. Pea Weevil: The elongated, yellow eggs are laid on green pods and after hatching of eggs, the larvae burrow through the 

pod into the seed. They develop inside pea and come out by damaging the seed in storage. 

Management: Spray methiocarb @ 0.05% is effective. Fumigation of dry peas with methyl bromide 

 

5. Sugar snap peas: A type of edible poded pea or snow pea developed from a cross of a standard pea with a mutant. 

a. These are very crisp, sweet, tender pod pea that can be eaten raw as well as coked.  

b. Sugar snaps are characterized by slow development of seeds and pod fibre.  

c. It tastes like sweet young peas and like tender, sweet edible poded peas.  

d. These are more difficult to grow than standard peas because  

e. Sensitive to adverse environment conditions  

f. Very susceptible to powdery mildew  

g. Sensitive to over ripeness, losing market quality rapidly and must be harvested within 12-24 hours of maturity  

h. The crop is harvested before the seed enlarges and the pod become fibrous. 

 

Insect Management of Garden Pea 

1. Fruit borer: The insect larvae are light yellow with black spots. They bore into the shoots during vegetative stage and feeds 

inside as a result of which the shoots droop down and dry-up. In the later stages, it infests the fruits which become disfigured 

and show holes. 

Management: 

a. Grow tolerant varieties like Perkins Long Green, Varsha Uphaar.  

b. Remove and destroy damaged shoots and fruits.  

c. Application of carbaryl (0.1%) and malathion (0.05%) is effective. 

 

2. Flower feeding beetle/ Blister beetle: Beetles feed on pollen, petals of flowers and flower buds, thus affecting fruit set 

adversely. 

Management: Hand collection and destruction of beetles. Application of 0.1% carbaryl or 0.05% malathion or 0.01% 

cypermethrin is effective. 
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3. White fly: It causes chlorotic spots on leaves. The insects secrete a sticky substance known as honeydew, which covers leaves 

and flowers. As a result, the sooty mould develops and plant growth is reduced. 

Management: 

a. Plants affected by viral disease must be uprooted and destroyed.  

b. Monitoring the adult population with yellow sticky traps for early prediction and timely application of insecticide. 
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Insect Management of Cole-Crop & Bean 

Article id: 236829 

Sarvesh Brahman: Rural Agriculture Extension Officer Chhattisgrah Goverment 

Madan Kumar Jha: Rural Horticulture Extension Officer Chhattisgrah Goverment 

 

Insect Management of Cole Crops 

1. Diamondback moth: Spindle shaped pale yellowish green caterpillars feed on the lower side of leaves but later feed on the 

exposed leaves and enter the head/ curd affecting the produce as well as quality. 

Management:  

a. Indian mustard is effective as a trap crop in suppressing the incidence of diamondback moth and cabbage aphid.  

b. Release Trichogrammatoidea bactrae @ 0.5-0.75 lakh eggs per ha at weekly intervals for its effective control.  

c. Spray of malathion (0.05%), deltamethrin (0.028%), cypermethrin (0.01%) and lambda-cyhalothrin (0.004%) can be 

used for effective suppression of the pest. 

 

2. Cutworms: They damage the seedlings of the newly planted crop. Stems are chewed near the soil level during night. 

Management: 

a. Use of well-decomposed manure helps in reducing the incidence.  

b. Collect and destroy the larvae after flooding of fields/ beds.  

c. Soil drenching with chlorpyriphos (0.04%) or spray of cypermethrin (0.01%) on foliage and soil surface reduces the 

incidence. 

 

3. Aphids: As a result of sucking cell sap, the seed setting stage is seriously affected. 

Management: 

a. Foliar application of Malathion (0.05%) with the appearance of the pest and repeating every 15 days. Stop spraying 

at least 7 days before harvesting.  

b. In seed crop, apply phorate granules @ 1.5 kg a.i./ha as side dressing during mid-February to early March or spray 

oxydemeton methyl (0.025%) or dimethoate (0.03%) or phosphamidon (0.03%) as soon as aphid population is above 50 

aphids per plant. 

 

4. Cabbage butterfly (Pieris brassicae): Damage is caused by caterpillars. The white winged butterflies deposit yellow coloured 

eggs in clusters on the undersurface of leaves. 

Management: 

a. Collect and destroy yellow egg masses and early stage larvae of cabbage butterfly.  

b. Use Cotesia glomeratus which parasitizes the larvae.  

c. Spray of malathion (0.05%)/ deltamethrin (0.0028%)/ cypermethrin (0.01%) and dichlorovos (0.05%) can be effective. 

 

5. Snails and slugs: They damage the growing tips of plant and also the surface of curd in cauliflower. They are problematic 

under humid conditions or when crop is irrigated with sewerage water. 

Management: Baiting with metaldehyde and bran (1: 25 in 12 litres of water) is effective for their control. As a repellant, 

alum may be sprayed @ 2% solution. 

Insect Management of Beans 

1. Aphids: They are tiny soft-bodied insects. Initially, damaged leaves show general yellowing. Young leaves become curled 

when aphids are numerous. They often transmit virus diseases. 
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Management: Foliar application of dimethoate (0.03%), methyl demeton (0.025%) or malathion (0.05%) before flower 

initiation stage. 

 

2. Jassids: In severely infested crop, it produces typical „hopper burn‟ symptoms. Follow same control measures as in aphid. 

 

3. Red spider mite: Feeding of mites result in large chlorotic patches on leaves. Often these damaged leaves curl when the 

infestation is concentrated on middle part of lower leaf surface. Severe infestation causes extensive yellowing and browning of 

entire leaves and eventually leaves drop. 

Management: Spray azadiractin (0.03%) or malathion (0.05%) or dicofol (0.04%). Repeat sprays at 10-day intervals. 

 

4. Pod borer: The larva feed on pods and also eats seed totally or partially. Spray carbaryl (0.1%) or cypermethrin (0.01%) at 15 

days interval. 

 

5. Bean beetle: Both larvae and adults feed on the leaves. Spray cypermethrin @ 0.01% to control the pest. 

 

6. Bean bug: It is sucking pest and causes discolouration of leaves and pods. Spray cypermethrin @ 0.01% to control the pest. 

 

7. Hairy catterpillar: The larvae cause damage by eating the leaves resulting in defoliation. In early stages, collect and destroy 

the larvae. Spray malathion @0.05% to control caterpillar. 

 

8. Bean weevil (Bruchus spp.): The eggs are laid on green pods and after hatching of eggs, the larvae burrow through the pod 

into the seed. They develop inside seed and come out by damaging the seed in storage. It is a storage pest. Put 1-2 tablets of 

Celphos/tonnes of material. 
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Insect Management of Potato, Brinjal & Cucurbits 

Article id: 236831 

Sarvesh Brahman: Rural Agriculture Extension Officer Chhattisgarh Government 

Madan Kumar Jha: Rural Horticulture Extension Officer Chhattisgarh Government 

Insect Management of Potato 

1. Cut worm (Agrotis ipsilon): Creamy white, dome-shaped Eggs, laid singly on lower surface of the leaves. Newly emerged 

young larva is yellow in colour. Dark brown pupae are found in earthen cells lying underground in the potato fields. Adult 

moth is dark with some grayish patches on the back and dark streaks on the forewings. 

Symptoms of damage:  

a. Young larvae feed on the epidermis of the leaves.  

b. Older larvae come out at night and feed young plants by cutting their stems  

c. They also damage the tubers by eating away part of them. 

Management: 

a. Flood the infested fields.  

b. Hand picks and destroy the larvae during morning and evening hours on cracks and crevices in the field  

c. Plough the soil during summer months to expose larvae and pupae to avian predators  

d. Set up light trap @ 1/ ha  

e. Pheromone traps @ 10/ ha to attract male moths  

f. Spray insecticides or chlorpyriphos 20EC @ 1 lit/ha or neem oil 3% @ 5.0ml/ lit. 

 

2. Potato tuber moth (Phthorimaea operculella): Eggs are laid singly on the ventral surface of foliage and exposed tubers. Larva 

is yellow coloured and caterpillar has dark brown head. Pupation occurs within a cocoon among the trash and clods of the 

earth in the field. Adult is small narrow winged moth with greyish brown forewings and hind wings are dirty white. 

Symptoms of damage: 

a. It is a pest of field and storage  

b. Larva tunnels into foliage, stem and tubers  

c. Galleries are formed near tuber eyes 

Management: 

a. Select healthy tubers  

b. Avoid shallow planting of tubers. Plant the tubers at depth of 10 - 15 cm.  

c. Install pheromone traps@ 15 in numbers/ha.  

d. Collect and destroy all the infested tubers from the field  

e. Do earth up at 60 days after planting to avoid egg laying on the exposed tubers  

f. Spray NSKE @ 5% or quinalphos 25 EC @ 2ml/lit of water to manage foliar damage  

g. Spray Bacillus thuringiensis @ 1 kg /ha at 10 days interval  

h. Store the tubers under 3 cm thick layer of sand  

i. Fumigate the stores with carbon disulphide 

Insect Management of Brinjal 

1. Insect-pests: Shoot and fruit borer: It is the most serious pest of brinjal crop. Initially, plant shoots wilt and dry. Later larvae 

bore below the calyx of fruits. Fruits are filled with frass. The holes are visible on the fruits when larvae come out. 

Management: 

a. Grow the resistant/tolerant varieties like Pusa Purple Cluster, Arka Kusumkar.  

b. Avoid ratooning of brinjal crop, close spacing and continuous planting.  

c. Remove and destroy the infested shoots.  
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d. Foliar application of carbaryl (0.1%)/ fenvalerate (0.01%)/lambda-cyhalothrin  

e. (0.004%) is effective. Observe a waiting period of 10 days for harvesting of fruits after spray of these insecticides. 

Insect-Pests Management of Cucurbits 

1. Fruit Fly: The adult female lays egg on the flowers, buds and fruits. The maggots after hatching feed on pulp of the fruits 

and render them unfit for human consumption. 

Management: 

a. Field sanitation should be ensured by removal and destruction of fallen fruits and infested fruits daily to minimize 

the pest intensity.  

b. Growing 2-3 rows of maize as a trap crop in between the cucurbits. Trap crop act as resting site for the adult fruit 

fly. Any contact insecticides can be sprayed on maize during evening hours to kill adult fruit flies.  

c. Use of pheromone traps (Palam trap @ 25 nos./ha) for monitoring pest population.  

d. Apply Malathion (0.05%) as cover spray to kill the insects on contact or a bait spray that attracts and kill the adults. 

Bait spray prepared by adding 50 g gur + 10 ml Malathion in 10 litre water can be used. 

 

2. Epilachna beetle: Adults and larvae (grubs) feed on leaves leaving a fine net of veins. Damaged leaves shrivel and dry up. 

Young plants can be entirely destroyed while older plants can tolerate considerable leaf damage. 

Management: 

a. Hand picking and destruction of eggs, grubs and adult beetles is effective, if the cropped area is small.  

b. Foliar application of Malathion (0.05%), carbaryl (0.1%) and lambda-cyhalothrin (0.004%) checks the pest. 

 

3. Red pumpkin beetle: Red pumpkin beetle: It is the most serious insect pest of cucurbits. The larvae and adult of this pest 

cause damage by eating away the young leaves and flowers at the seedling and flowering stage respectively. Creamy yellow 

colored larvae feed on the roots, stem and fruits touching the soil whereas red colored adults feed on leaf and flowers. 

Management: 

a. Collection and destruction of beetles in the early stage of infestation.  

b. Spray the crop with Malathion (0.05%) or dichlorvos (0.05%) or carbaryl (0.1%). 

 

4. Aphids: The first sign of aphid damage is a downward curling and crinkling of the leaves. Aphids are often found on lower 

leaves and on flower buds and flowers. They are also involved in the spread of several viruses that affect all cucurbits. 

Management: Spray cypermethrin (0.01%) or acetamiprid (0.01%) bifenthrin (0.01%) or malathion (0.05%). 

 

5. Whiteflies: They can affect the crop directly by its feeding and by acting as a vector of viruses. When whiteflies are very 

numerous, the sticky honeydew they produce supports the growth of sooty mold on leaves. 

Management: Spray acetamiprid (0.01%) or triazophos (0.04%) or bifenthrin (0.01%). 
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Disease Management of Tomato 

In human being, we found many diseases like typhoid, malareia, etc. Similarly, plants also affected by many pests and diseases 

which affect normal growth and development. Infestation by pest and diseases in flower crops causes massive loss as it affects 

yield and quality of produce. Hence, identification of various diseases and pests in early stage and immediate management 

becomes very necessary. There are various categories of pests and diseases that flower crops. Pests includes - insects, mites, 

rodents, animals, birds etc. insects are major and important pest and causes damage by sucking sap from plants; biting plant 

parts; boring into the twigs and leaves; attacking roots and flowers. Fungus, bacteria, viruses and mycoplasmas are major 

organism which causes various diseases in vegetable crops. Disease infested plants shows particular symptom on plants e.g. 

powdery mildew, Downey mildew, rust, etc. 
1. Damping off (Pythium aphanidermatum, Rhizoctonia solani): The fungus attack usually starts on the germinating seed, 

and further spread to the hypocotyl, basal stem, and developing tap-root. 

Management: 

a. Drench the nursery bed with 5 litre formalin dissolved in 100 litres of water 15 days before sowing.  

b. Before sowing, hot water treatment of seed at 520C for 30 minutes should be done.  

c. Spray mancozeb (2.5g /L), carbendazim (1g /L) on nursery seedlings. 

 

2. Buck eye rot (Phytophthora nicotianae): Symptoms appear on fruits as a brownish spot often at point of contact between 

fruit and soil. 

Management: 

a. Grow resistant varieties.  

b. Proper staking and drainage should be ensured.  

c. Spray Ridomil MZ @ 2g per litre of water or mancozeb or zineb @ 2.5 g per litre of water at 5-7 days interval. 

 

3. Bacterial Wilt (Ralstonia solanacearum): Deadly disease of tomato which results in wilting of plant, stunting plant growth, 

and brown vascular system 

Management: 

a. Crop rotation with Cruciferous vegetables  

b. Grow recommended resistant varieties such as Palam Pink, Palam Pride etc.  

c. Transplant disease free seedlings.  

d. Spray with streptocycline @ 200ppm at 7 days interval. 

 

4. Early blight (Alternaria solani): This disease appears on the foliage at any stage of plant growth. It occurs on the plants as 

small, black lesions mostly on the older foliage. In later stages, concentric rings also appear on the fruit. 

Management: Seed treatment with Carbendazim @ 2.5 g per kg of seed. 

 

5. Late blight (Phytophthora infestans): The symptoms are almost similar as that appear on potato crop. Spray Dithane-M-45 

(0.25%) 

6. Leaf curl virus: Downward rolling and crinkling of the leaves. The newly emerging leaves exhibit slight yellow coloration 

and later they also show curling symptoms. The older leaves become leathery and brittle. There is drastic reduction in the size 

of nodes and internodes. The infected plants remain stunted in growth. It is transmitted by white fly. 
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Management: 

a. Plants affected by viral disease must be uprooted and destroyed.  

b. Monitoring the adult population with yellow sticky traps for early prediction and timely application of insecticide.  

c. Spray triazophos (0.04%) or lambda-cyhalothrin (0.004%). 

 

Disease Management of Chilli 

1. Anthracnose/Ripe fruit rot/die back: Spots appear on the fruits which gradually turn brown to black. 

Management: 

a. Use disease free seed.  

b. Spray mancozeb or copper oxychloride (0.25%) or carbendazim (0.1%) and repeat at 8-10 days interval.  

c. Go for seed treatment. 

 

2. Powdery Mildew: White powdery growth on bottom side of the leaves. The diseased leaves drop off from the plant. 

Management: Spray Sulphur based fungicide i.e. Sulfex(0.3%) or dinocap (0.05%) at an interval of 15 days interval. 

 

3. Cercospora leaf Spot: There is formation of small circular and water-soaked spots on the leaves, stems and petioles which 

are brown with white centre. On coalescence, there is yellowing of leaves and defoliation takes place. 

Management: 

a. Remove severely affected plants and destroy them.  

b. Go for seed treatment with carbendazim.  

c. Spray Bavistin @ 0.1 % at 15 days interval. 

 

4. Bacterial Wilt: Wilting of plant or stunting growth or yellowing of entire plant are the symptoms. 

Management: 

a. Grow resistant varieties such Surjmukhi.  

b. Crop rotation with Cruciferous vegetables is recommended.  

c. Field sanitation and crop rotation reduces the disease incidence. 

 

5. Chilli leaf curl virus: Leaves curl towards midrib and become deformed. The growth of plant is stunted due to shortened 

internodes and reduction in leaf size. There is flower drop. The virus is generally transmitted by whitefly. Management is 

similar as that in tomato leaf curl virus. 
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Introduction 

The increase in average temperature of Earth’s atmosphere in a gradual manner is defined as climate change which is one of 

the most important and major environmental issue in the current scenario. The rate of climate change has increased in the past 

decade which is apparent from the changes in rainfall patterns, increase in the atmospheric C02 levels, ozone layer depletion 

and rise in the global average temperature.  It is estimated that by the end of next century the global mean annual temperature 

will increase by 30C. All this is believed to have a significant impact on the agro ecosystem. 

The crop plants are attacked by the plethora of insect pests and they serve as a key constraint in agriculture production. These 

living entities not only interact among themselves but also with the abiotic components (temperature, precipitation, relative 

humidity, C02 levels etc.) of the environment. The climate change affects insects both directly and indirectly. The climate 

change such as increase in temperature can significantly affect the insect population directly by modifying time of incidence of 

insect pests, developmental rates, volitinism, fecundity, survival, growth, development, distribution pattern and physiology 

of insects. Indirectly changing climate influences insect population by altering the availability of specific host plants, modifying 

the nutritional status of host plants, displacing indigenous plant species, reducing natural biodiversity and disturbing the 

ecological balance. 

Impact of Changing Climate on Abundance of Insect Pests 

The change in climate (particularly microclimate) may affect the relative abundance of different insect species. The species 

unable to cope up with these changes may get extinct in the near future. The Western Ghats in India harbours many rare, 

endemic and exotic colourful butterfly species. The temperature fluctuation as a result of anthropogenic developmental 

activities has depleted the natural vegetation in this area as a result many butterfly species are under the threat of extinction. 

With the increase in temperature, it is expected that the insect pests will extend their geographic range from tropical and sub -

tropical areas to temperate regions at higher altitudes. Helicoverpa armigera which is a major pest of cotton, pulses and vegetables 

in South India has extended its range to North India. Moreover, the areas initially termed as unsuitable for a specific arthropod 

species may become a new home for that particular species. Fewer number of pest population is found at higher altitude or 

temperate regions. With the increase in temperature, lower mortality rate will be recorded in the insect pest population and 

more number of insects may be found in temperate regions attacking the crop plants. The shift in natural habitat of the insect 

pests may also occur which further affects natural biodiversity existing in a particular area and thereby disturbing ecological 

balance and ecosystem services. 

Influence of Climate Change on Fecundity of Insect Pests 

The temperature change may affect the reproduction rates of some of the pest species thus altering the sex ratios of most of the 

pest species such as thrips. The alteration in temperature will significantly affect the soil dwelling pest species when compared 

with the above ground pest population. This is because the soil provides an insulating medium that will tend to buffer 

temperature changes more than the air. The increasing temperature can accelerate the reproductive potential of insect. For 

example, in Ips typographus a multivolitine species the high temperature will accelerate the development rates therefore 

allowing the insect to complete its life cycle early and having more number of generations in a single year. The elevated 

temperature will also increase the consumption rate in insects leading to faster development and decreasing the pupation 

duration, thereby reducing their exposure time to natural enemies for parasitism. In addition, elevated carbon dioxide is also 

known to decrease the developmental time and increase the fecundity in case of aphids. 
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Impact of Climate Change on Invasion and Outbreak of Insect Pest Population 

Changing climatic conditions can modify microclimate thereby creating a conducive environment for introduction, 

establishment and spread of exotic/alien species. The alien species impose an increase in the cost of agricultural activities; alter 

the regional structure and diversity. In the recent years the country has reported introduction of many alien species such as 

Paracoccus marginatus, Tuta absoluta, Spodoptera frugipeda causing widespread loss to the crops of agricultural importance. 

Deforestation, intensive and extensive agriculture cultivation, change in feeding habits of insect pest species, increase in the 

metabolic activities and host plant availability are some of the factors resulting in insect pest outbreak. This insect pest outbreak 

may cause an unpredictable change in the population dynamics and distribution pattern of insect-pests along with their 

existing and potential natural enemies thus, unbalancing the various trophic levels in the food chain. 

Indirect Influence of Climate Change on Host Plants 

In addition to temperature the elevated level of CO2 can bring about a phenotypic change in the host plant which further 

changes the nutritional status of the host plants. Plants mainly consist of carbon and the growth of plant become faster when 

there is an increase in the concentration of carbon dioxide because of quick assimilation of carbon. This increases the rate of 

photosynthesis, as a result plant grows more vigorously and this develops a situation where the availability of host plant is 

ensured to the insect pests even in harsh conditions. An increase in carbon dioxide concentration in atmosphere also increases 

the carbon to nitrogen ratio due to accumulation of non- structural carbohydrates of plant tissues thereby reducing the 

nutritional quality for protein limited insects. So, in order to compensate the nitrogen requirement of insects, the feed intake 

and development rate of insects grows rapidly. Thus, the damage to the host plant is also increased. Because of elevated carbon 

dioxide, the composition of other nutrient in plant decreases. As a result, insect feeds on more amount of plant material in 

order to complete its nutritional requirements thus, causing greater loss to the crop plant. Elevated carbon dioxide is also 

known to increases the concentration of sugars like glucose, sucrose, and fructose in foliage of several plant species which act 

as host recognition cues for some insets. 

Impact of Climate Change on Crop Pollinators 

Global climatic change will alter the phenology of the plants and the composition of pollinators. Phenology refers to the various 

physiological stages through which the plant passes which involve both growth and reproduction. Flowering phenology refers 

to the seasonal time of flowering. Alteration in the temperature will have varying effect on flower production. It will cause 

asynchronization between pollinator activity and plant phenology. Some plants grown under the higher temperature may be 

less likely to flower or may produce lesser number of flowers. This will lead to the decrease in pollinator population visiting 

the flower due to the reduction in the life span of pollinators. The foraging activity of honey bees largely depends on 

temperature. They forage best at a temperature range of 27-300C.  With increase in temperature the foraging activity of honey 

bees is greatly reduced which in turn leads to reduced pollination and reduced crop productivity. 

Conclusion 

Along with temperature other abiotic components also affect insect pests, predators, pathogens and diseases resulting in a 

complex dynamic. From agriculture point of view under climate change early and late planting of crop becomes more 

uncertain. The insect pest incidence, their growth, fecundity, survival and development depend on several climatic factors. 

Thus, it becomes eminent to address the uncertainty of pest responses to changing environmental conditions in order to 

develop an effective insect pest management strategy. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            667 | P a g e  
 

Mechanism of Organic Matter Clay Interaction 

Article id: 23834 

Payal Mahadule: Department. of Soil Science and Agricultural Chemistry, Mahatma Phule Krishi Vidyapeeth, Rahuri, 

Maharashtra. (413722). 

Reshma Sale: Department. of Soil Science and Agricultural Chemistry, Mahatma Phule Krishi Vidyapeeth, Rahuri, 

Maharashtra. (413722). 

 

It is frequently expected that a great part of the humified material in soil is solidly bound to colloidal mineral surfaces. Proof 

originates from the finding that sediment and earth related OM is more seasoned and has a more drawn out turnover time 

than OM related with the sand part. Soil clay minerals can sorb an assortment of natural mixes by various instruments, the 

fundamental ones being (a) ligand exchange, (b) polyvalent cation bridging, (c) electrostatic attraction, and (d) hydrophobic 

weak interactions including H-holding and van der Waals powers. 

Ligand Exchange 

Arrangement of covalent bonds between hydroxyl (– OH) bunches on mineral surfaces and carboxyl gatherings and phenolic 

OH gatherings of the natural atoms is a significant system for the development of solid organomineral associations (Mikutta 

et al., 2007). OM association with mineral surfaces via ligand exchange increases with decreasing pH and maximum 

complexation occurs between pH 4.3 and 4.7, corresponding to the pKa values of the dominant carboxylic acids in soils (Gu et 

al., 1994) 

Polyvalent Cation Bridging 

Negatively charged mineral surfaces repulse natural anions, yet the nearness of polyvalent cations on the trade complex favors 

official between them. In nonpartisan and soluble soils, Ca2+ and Mg2+ are the significant cations, while hydroxypolycations 

of Fe3+ and Al3+ are predominant in corrosive soils. These positively charged particles become adsorbed on contrarily charged 

mineral surfaces and encourage the adsorption of adversely charged long-chain natural atoms through cation bridging. As a 

rule, OC adsorption on clay minerals followed the request: oxides–hydroxides>2:1 clay mineral>1:1 clay mineral, and this 

pattern was constrained by the Specific surface area and CEC of the particular minerals. 

Electrostatic Attraction 

Electrostatic bonding between soil mineral surfaces and organic molecules can occur through cation exchange. The reaction 

occurs when positively charged organic molecules such as protonated amines replace inorganic cations on the exchange 

complex (Wang and Lee, 1993). The positive charge density of weakly basic organic molecules is strongly pH dependent. 

Hence, adsorption by this interaction is controlled by both the basic nature of the organic molecules and the pH of the soil.  

Further, the chain length of the organic molecules and the type of cations on the exchange sites also govern the strength of 

bonding. This type of exchange may also occur on interlayer surfaces of expandable 2:1 phyllosilicate resulting in the 

penetration of organic molecules into the interlayer spaces, known as intercalation (Sarkar et al., 2013). 

Van der Waals Force, H-Bonding, and Hydrophobic Interaction 

Basically, these powers can happen between particles or nonpolar atoms because of a briefly fluctuating dipole moment of one 

atom which produces a dipole in its neighbour; this is referred to as an incited dipole interaction. On account of hydrogen 

bonds, a partial positively charged hydrogen atom interacts with an adjacent, partially negatively charged N or O atom. 

Uncharged polysaccharides and extracellular chemicals or other protein atoms build up linkages by means of van der Waals 

powers or hydrogen bonds because of the nearness of hydroxyl and other polar gatherings in the particles (Quiquampoix et 

al., 1995). 
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Abstract 

The plants which can thrive well within the confines of an apartment and lend beauty of flower or foliage to interior of human 

living areas are called as indoor plants. These plants have highly decorative foliage and are grown in pots. The most important 

characteristics of these plants are their ability to grow in shade or partial shade with a reasonable amount of care. Growing 

plants in pots makes gardening accessible to almost anyone including children, disabled persons and the elderly. Indoor plants 

boost mood, productivity, concentration and creativity; reduce stress, fatigue, sore throats and colds. Clean indoor air by 

absorbing toxins, increasing humidity and producing oxygen. Add life to a sterile office, give privacy and reduce noise levels. 

Introduction 

Pots are generally made up of burnt porous clay. A porous pot is important to allow exchange of gas and moisture which are 

essential for healthy root growth. An earthen pot comes in various sizes. The pot is generally conical in shape, tapering towards 

base thus providing more soil for feeding roots at the top. The small 5cm pots are used for pricking seedlings. Grafts or seedling 

having long tap root are first transplanted in long nursery pots. For sowing seed, seed pans are used which are of longer 

diameter (30cm) but have less depth (7cm). Plants having shallow root system like ferns need pots having less depth than 

shallow root system. For orchids, special pots are used with perforation all over the sides to allow plenty of aeration and 

drainage. It is even possible to grow some bog plants in specially made pots. These consist of one pot placed inside the other 

with a narrow space in between, meant for filling it with water, damp moss or sand, so that the soil in the inner pot growing 

the bog plants receives moisture constantly. Nowadays pots made up of special unbreakable polythene are used, which proved 

economical compared to earthen pots. 

How to do Potting 

Before potting it is essential to clean the pot thoroughly, especially which were used earlier with cleans water or hot soda water. 

The idea is to get rid of any disease or fungus that exchange of air properly. The new pots are because a dry pot draws away 

moisture from the compost within. Before filling the pot with compost, large crocks with the concave side down are placed 

over the drainage hole so as to ensure that the hole is not blocked by the compost. Then a layer of course leafmould or half 

decayed leaves are spread. The compost is when filled in, leaving about 1.5 -2.5cm space on top, depending upon the size of 

the pot to hold sufficient water. Small pieces of charcoal, cinder, or bricks may be placed at the surface of the compost to prevent 

it from being washed out. The best way to water the pots gently with water can filled with a hose.  The ball of earth is buried 

about 3-5cm deep in the soil and the composts rammed firmly. The ball of earth around the roots of the plants being clayed or 

sticky is broken by soaking, before potting. 

How to Prepare Potting Compost? 

Mix the Good garden loam (preferably fibrous): 2 parts, Leafmould or peat-moss: 1-part, Well-rotted manure: 1\2part and 

Coarse river sand: 1\2part in a pot. 

Method of Mixing the Ingredients 

The ingredients of the compost are generally not sieved except to remove grass roots and large stones. In case of sowing of 
seeds or seed or planting seedlings the compost are generally sieved. The ingredients are mixed thoroughly by placing them 
one above the other in layers. For example, to prepare the above compost two basket of garden loam is first spread on the 
ground, over this one basket of leafmould is spread, followed by half a basket of coarse sand. The process is repeated till a good 
heap is formed. Before putting the subsequent layers all the spread-out layers are moistened lightly. After the heap is made it 
is turned and the ingredients are mixed thoroughly. 
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What to do After Potting? 

The pots are removed to shade to enable the roots to get established. After the plants is established, it is brought out in the sun, 

gradually increase the exposure time.  Nutrients in pots are quickly used up by the plant and some of these also washed out. 

To replenish the, potted plants need to be fed by liquid manure or by “top dressing” at regular intervals. Readymade pot 

mixtures are available on the market, however, fertilizer application to the pot plant depends upon the size of pot, age of plant, 

size of plant, type of growth, etc.  Termites and earthworm should not be allowed to enter the pots. The pot should be placed 

over a couple of bricks placed side by side. 

How to do Repotting? 

Repotting is an important operation. The time when repotting is to be done depends upon several factors. When a potted plant 

is to be repotted with the ball of earth intact in a larger pot or in ground, this operation can be undertaken almost any time of 

the years as the roots do not get disturbed during the process. When the ball of earth is to be disturbed or broken because of 

its being old or getting sour, the transplanting should be at active growth. However, orchids and some other plants, especially 

those which are transplanted bare roots, are transplanted at the “resting period”. 

Potting and Repotting 

Do’s Don’ts 

• It should be right sized pot used for potting. • The pot never an oversized pot. 

• A plant potted at shallow depth will not have 
sufficient hold and will be shaken by even a little 
disturbance. 

• While potting, a plant should be planted neither too 
deep nor very shallow 

• The safe method is to plant the old ball of earth at 
the same depth as it was in the previous pot. 

 

How to Watering? 

It is often due to mismanagement in watering that potted land suffers. The common mistake is to water either very little or too 

much. Overwatering will make the compost sour very soon as the compost is derived of aeration. Watering is to be so adjusted 

that the compost in the pot is allowed to grow dry after each watering, but not too dry to cause wilting. One way of knowing 

whether pot needs watering is to gently tap the outside of the pot with a wooden hammer. If the resulting sound is metallic, 

the pot needs watering; and if the sound is dull watering will not be needed. 

The plants with weak stem or heavy foliage need staking. Climbing type of foliage plants is staked by using moss grass stick 

to enable that aerial root to penetrate and leaves grow luxuriantly. Other plants can be staked by using bamboo stick, plastic 

pipe, iron rod etc. 

List of Some Plants Used as Pot Plants 

Flamingo lily, Zebra plant, Areca palm, Shrimp plant, Money plant, Arrow head vine, Jew, Rubber plant. 

Conclusions 

It is most advantageous to those who live in flats and have no space for growing plants in the ground. It provides easy mobility, 

i.e. Pot plants can be handled easily. It can be moved to any part of the garden or even inside the house for the purpose of 

beautification. Delicate plants which seldom survive in the ground can be grown successfully in the pots. If right size pot is not 

used or left too long in pot it gets pot bound and does not grow properly. The pot may not hold much water. 
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Introduction 

Changes in form during ontogeny allow us to recognize three broad patterns of development, based on the degree of external 

alteration that occurs in the post-embryonic phases of development. Lifecycle and metamorphosis are used to discuss the 

development of insects. The lifecycle begins with the fertilization of the egg and ends when the adult stage is reached. So, 

metamorphosis is any marked change in size, form, color, sexual maturity and structure that the insect undergoes during its 

life cycle. A few insect groups are without metamorphosis. The young resemble the adult very closely. Silverfish and spring-

tails are examples. However, the general types of metamorphosis or change, found in insects are gradual and complete (or 

complex). 

1. Complete (or complex) Metamorphosis: This is a specialization in which the life history is divided into four distinct parts: 

a. The egg 

b. The larva or feeding stage 

c. The pupa, a quiescent transformation stage and 

d. The adult or reproductive stage 

In all, but a few instances of this type of life history, all real growth is the result of larval feeding; the adult has only to maintain 

a more or less static metabolism and at the most provide sufficient food for maturation of sperms or eggs. This system has 

enabled the larva and adult to live in entirely different places and under different conditions, and that the larva has been able 

to take advantage of conditions most favorable for rapid growth and the adult to live in conditions best suited to fertilization, 

dispersal, and oviposition. The growing stage or “larvae” of insects with a complete type of metamorphosis are different in 

both appearance and habits from the adults. The larva is a voracious feeder. Insects with complete metamorphosis go through 

another change after completion of the growing larval stage. This is the pupa. The pupa is a non - feeding stage in which 

reorganization of the internal and external body structures takes place. It is entirely different in appearance from the larva. 

After completion of the pupal stage, the exoskeleton (cocoon) splits and the adult emerges. It is now sexually matured.  

Examples of insects with complete metamorphosis: flies, fleas, mosquitoes, beetles, bees, moths, butterflies etc.  

2. Gradual (Incomplete) Metamorphosis: When a change from the immature to the adult occurs, but is not extreme 

metamorphosis is incomplete or hemimetabolous. Most structures of nymphs and adults with incomplete metamorphosis are 

unlike, although body proportions differ and changes in the thoracic plates and reproductive system occur in the molt to an 

adult. Food and ecology are similar in all states except where nymphs are aquatic and adults are terrestrial. Insect groups that 

pass through a gradual change while growing have youngs that resemble the adult except for the smaller size and in wing 

bearing insects, a complete absence of wings. There is a gradual change from one stage to the next stage until the young or 

nymph, reaches the adult stage. Examples of the gradual metamorphosis: Lice, true bugs and cockroaches 

Phases in Insect Lifecycle 

1. Embryonic phase: The egg stage begins as soon as the mature egg is deposited by the female. For practical reason, the age 

of an egg is estimated from the time of its deposition even though the egg existed before oviposition. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            672 | P a g e  
 

2. Larval or nymphal phase: Eclosion from the egg marks the beginning of the first stadium when the young insect is said to 

be in the first instar. This stage ends at the first ecdysis when the old cuticle is shed to reveal the insect in its second instar. 

Third and often subsequent instars generally follow. Thus, the development of the immature insect is characterized by repeated 

molts separated by periods of feeding, with hematobolous insects generally undergoing more molts to reach adulthood than 

holometabolous insects. All immature hematobolous insects are called larvae. On the other hand, immature terrestrial insects 

with hemimetaboulous development are called nymphs. 

3. Pupal phase: The molt into the pupal instars is called pupation or the larval pupal molt. Many insects survive conditions 

unfavorable for development in the resting, non-feeding pupal stage, but often what appears to be a pupa is actually a fully 

developed adult within the pupal cuticle referred to as a pharate. 

4. Adult phase: Adult life begins at eclosion from the pupal cuticle. Changes in temperature or light and perhaps chemical 

signals may synchronize adult emergence in most species. Reproduction is the main function of adult life. 
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Introduction 

Insect growth is discontinuous, at least for the scleritized cuticular parts of the body, because the rigid cuticle limits expansion. 

Size increase is by molting-periodical formation of new cuticle of greater surface area and shedding of the old cuticle. Thus, for 

sclerite bearing body segments and appendages, increase in body dimensions are confined to the post-molt period immediately 

after molting before the cuticle stiffens and hardens. Hence, the sclertized head capsule of a beetle or moth larva increases in 

dimensions in a salutatory manner during development, whereas the membranous nature of body cuticle allows the larval 

body to grow more or less continuously. Studies concerning insect development involve two components of growth. First, molt 

increment, is the increment in size occurring between one instar (growth stage or the form of the insect between two successive 

molts) and the next. Generally, increase in size is measured as the increase in a single dimension (length or width) of some 

sclerotized body part, rather than a weight increment that may be misleading due to variability in food or water intake. The 

second component of growth is the inter molt period or interval, better known as the stadium or instars duration, which is 

defined as the time between two successive molts, or more precisely between successive ecdyses. The magnitude of both molt 

increment and inter molt periods may be affected by food supply, temperature, larval density and physical damage such as 

loss of appendages and may differ between the sexes of a species. In the vast majority of insects, growth is determinate since 

there is a distinctive instar that marks the ceasing of growth and molting. All insects with determinate growth become 

reproductively mature in this final instar, called the adult or imaginal instars. This reproductively mature individual is called 

an adult or imago. In most insect orders it is fully winged, although secondary wing loss has occurred independently in the 

adults of a number of groups, such as lice, fleas, and certain parasitic flies, and in the adult females of all scale insects 

(hemiptera). 

Factors Affecting Insect Development 

The environment plays decisive role on survival, egg laying or longevity of insects. Temperature, humidity, the availability of 

food, presence of environmental signals (e.g. photoperiod), mutagens and toxins, biotic effects, altitude, the relationship with 

other creatures, etc. are limiting situations in the development and survival of insects. The presence of optimum conditions 

and their adaptability to the various environmental situations are important phenomena for their proliferation. 

1. Temperature: Most insects are poikilothermic: body temperature varies more or less directly with environmental 

temperature - and so heat is the force driving the rate of growth and development when food is not limiting. An increase in 

temperature, within a favorable range, will speed up the metabolism of an insect and consequently increase its rate of 

development. 

2. Photoperiod: Many insects do not develop continuously all year round, but avoid some seasonally adverse conditions by a 

resting period. Summer dormancy (aestivation) and winter dormancy (hibernation) are two examples of avoidance of seasonal 

extremes.  

3. Humidity: Air holds more water vapour at high than at low temperatures. The high ratio of surface area to volume in insects 

means that loss of body water is a serious hazard in a terrestrial longevity and oviposition of many insects. 
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4. Mutagens and toxins: Some life history stages may be more sensitive to mutagens or toxins than others and sometimes the 

phenotypic effects may not be easily measured by crude estimates of stress. Stressful conditions induced by toxic or mutagenic 

chemicals may affect insect growth and form to varying degrees, ranging from death at one extreme to slight phenotypic 

modifications at the other end of the spectrum. 

5. Biotic effects: In most insect orders, adult size has a strong genetic components and growth is strongly determinate. In many 

Lepidoptera, for example, final adult size is relatively constant within a species; reduction in food quality or availability usually 

delays caterpillar growth rather than reducing final adult size, although there are exceptions. 
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Introduction 

Horticulture sector primarily includes fruits, vegetables, and floricultural crops. Due to lack of adequate post-harvest handling, 

processing and infrastructure facilities, post-harvest losses caused by spoilage are very high. It is estimated that post-harvest 

losses of horticultural produce range between 30-35 per cent. Generally, losses occur during pre-harvesting, harvesting, 

transportation, storage, processing, packing, marketing and distribution stages. Even if 10 per cent of these losses could be 

saved by converting the surplus into processed products, there will be considerable saving to the horticultural wealth in the 

country. The international trade in preserved horticultural crops consists largely of fruit juices, nectars, juice concentrates, 

canned pineapple, canned pulps, canned and dehydrated vegetables, instant chutneys and ready-to-use products. Tropical 

vegetables, fruits, spices and aromatic plants grown in India having nutritional and appetizing appeal have great export 

potential to the rest of the world because of their medicinal, therapeutic and antioxidant properties as health foods. There is 

further scope for augmenting exports with respect to tropical fruit juices, pulps and concentrates. Products obtained from fruits 

like mango, guava, papaya, pineapple and large number of other highly nutritive indigenous fruits, vegetables as well as from 

floral and medicinal crops have great demand for domestic and export market. 

History of Food Processing 

Food processing dates back to the prehistoric age when crude processing including various types of cooking, such as over fire, 

smoking, steaming, fermenting, sun drying and preserving with salt were in practice. Foods preserved this way were a common 

part of warriors’ and sailors’ diets. These crude processing techniques remained essentially the same until the advent of the 

Industrial Revolution. Nicolas Appert developed a vacuum bottling process to supply food to troops in the French army, which 

eventually led to canning in tins by Peter Durand in 1810. Modern food processing technologies, in the 19th century was also 

largely developed to serve military needs. In the early 20th century, the space race, change in food habits and the quality 

consciousness of the consumers in the developed world further added to the development of food processing with 

advancements such as spray drying, juice concentrates, freeze drying and the introduction of artificial sweeteners, colourants, 

and preservatives. In the late 20th century, products including dried instant soups, reconstituted fruit juices, and self-cooking 

meals such as ready-to-eat food rations etc., were developed. 

Benefits of Processing 

1. By processing, raw food and other farm produce is converted into edible, usable and palatable form. 

2. Processed products can be stored for a longer time. 

3. There is a significant reduction in post-harvest losses. 

4. Produce is available even during off-season. 

5. Processing helps to generate employment for rural youth. 

6. Helps in improving palatability and organoleptic quality of the produce by value addition. 

7. Helps in easing marketing and distribution tasks. 

8. Increases seasonal availability of many foods. 

9. Enables transportation of delicate perishable foods across long distances. 

10. Makes foods safe for consumption by checking of pathogenic microorganisms. 

11. Food processing can also bring nutritional and food security. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            676 | P a g e  
 

12. Food processing has great potential for export and thereby to fetch foreign exchange. 

Importance of Processing 

The main causes of spoilage of horticultural produce are microbiological (bacteria, yeasts, moulds), chemical (enzymatic 

discolouration, rancidity, oxidation) and physical (bruising) factors. There are many reasons for processing foods besides the 

development of a business with a good return on investment for the owners such as to prevent post-harvest losses, to eliminate 

waste, to preserve quality, to preserve the nutritive value of the raw materials, to make seasonal horticultural produce available 

throughout the year, to put them in convenient form for the user, to safely put the food away for emergencies and to develop 

new products and to increase the value of the product. Food preservation, in the broad sense, refers to all the measures taken 

against any kind of spoilage in food. It is the process of treating and handling food in such a way so as to stop or greatly slow 

down spoilage to prevent food borne diseases while maintaining nutritional value, texture and organoleptic quality as well as 

increasing shelf life. Proper packaging and storage of processed/preserved products are also important aspects of agro-

processing to retain quality of fresh horticultural produce which could be adversely affected by physical damage, chemical 

reactions, microbiological changes and attack by insects and rodents. 

Principles of Preservation 

The following principles are involved in preservation of fruit and vegetables 

1. Prevention or delay of microbial decomposition 

a. By keeping out microorganisms (asepsis) 

b. By removal of microorganisms, e.g., filtration 

c. By hindering the growth and activity of microorganisms, e.g. by low temperature, drying, anaerobic conditions or 

use of chemicals 

d. By killing the microorganisms, e.g., use of heat or radiation 

2. Prevention or delay of self-decomposition of the food 

a. By destruction or inactivation of food enzymes e.g. blanching 

b. By prevention or delay of purely chemical reactions e.g. prevention of oxidation by means of an antioxidant 

3. Prevention of damage caused by insects, rodents, mechanical damage etc. 

Physical Approaches to Food Preservation 

1. Removal of microorganisms, e.g., asepsis and filtration 

2. Raising the temperature of food, e.g., heating (blanching, pasteurization/ sterilization, flash pasteurization/HTST (high 

temperature & short time processing) 

3. Controlled reduction of product temperature, e.g., chilling and freezing 

4. Controlled reduction in the water content of food products, e.g., dehydration, freeze drying, osmotic dehydration 

5. Use of protective packaging such as prepackaging and use of modified atmosphere packaging 

6. Use of radiations such as ionizing radiations 

a. Asepsis and filtration: Asepsis means preventing the entry of microorganisms. Maintaining of general cleanliness 

while harvesting, grading, packing and transportation of horticultural produce increases their keeping quality. 

Washing and wiping of the fruits and vegetables before processing should be strictly followed to reduce the soil 

particles, pesticide residues and initial contamination by microorganisms. Filtration of liquid foods through 0.45-

micron seitz filters helps to remove microorganisms and thus minimizes the chances of spoilage. 

b. Thermal Processing: Since many of the processes utilized to preserve food products depend on the addition of 

thermal energy, it is important to understand its underlying principles. The design of a thermal process to achieve food 

preservation involves two principles:  
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i. The use of elevated temperatures to increase the rate of reduction in the microbial population present in the 

raw food material (Microbial population may refer to the number of vegetative cells existing in food product 

or to the number of microbial spores in a given mass of food). 

ii. The transfer of thermal energy into the food products as required for achieving the desired elevated 

temperatures. 

Points to Remember 

Blanching is done at about 100° C, pasteurization below 100°C and sterilization above 100°C. Blanching is primarily done to 

inactivate enzymes, pasteurization to kill maximum harmful microbes, and sterilization for complete killing of 

microorganisms. 

Thermal Processing Used for Preservation is Usually Classified as Follows 

1. Blanching: Blanching is a heat treatment given to a fruit or vegetable either in boiling water or microwave above 100ºC. 

Blanching is used to destroy enzyme activity in fruits and vegetables, prior to processing. Blanching helps in several ways as 

it inactivates enzymes, which prevents undesirable changes in sensory characteristics and nutritional properties that take place 

during storage, reduces the number of contaminating microorganisms on the surface of foods, leads to softening of vegetable 

tissues thus facilitating can filling and helps in removal of 

air from intercellular spaces. 

2. Pasteurization: Pasteurization is a process of heat treatment used to inactivate enzymes and to kill relatively heat sensitive 

pathogenic microorganisms thatcause spoilage. It is a mild heat treatment, usually performed below 100°C. Pasteurization kills 

only harmful microorganisms. In practice, therefore, most of the canned foods produced locally in developing countries such 

as canned peas tomatoes, canned pineapple slices etc. are heated within the package. There are two categories of pasteurization 

process: 

a. Low temperature long time (LTLT): 62.7°C for 30 minutes 

b. High temperature short time (HTST): 71.7°C for 15 seconds 

3. Sterilization: In this process, food is heated at a sufficiently high temperature (121°C) and for long time (10-15 minutes) to 

destroy microbial and enzyme activity. As a result, sterilized foods have a shelf life of more than six months. Higher 

temperature for a short time (140°C/3-4 seconds) is possible if the product is sterilized before it is filled into pre-sterilized 

containers in a sterile atmosphere. This forms the basis of Ultra High Temperature (UHT) processing (also termed aseptic 

processing). It is used to sterilize a wide range of liquid foods (fruit juices and concentrates, wine, etc.) and foods that contain 

small discrete particles (tomato products, fruit and vegetable soups). 

Advantages of Thermal Processing 

1. Food becomes more tender and pliable with the desired cooked flavour and taste. 

2. Preservative effect on foods owing to destruction of microorganisms, enzymes, insects and parasites. 

3. Significant destruction of antinutritional components in food. 

4. Improvement in bioavailability of some nutrients (for example improved digestibility of proteins and gelatinization of 

starches etc.). 

5. Relatively simple control of processing conditions. 

Drying / Dehydration 

Preservation of foods by drying is perhaps the oldest method known to us. The weight of the product by drying is reduced to 

the extent of 1/ 4th to 1/9th of its original fresh weight. Drying of foods and biological products is a widely applied process 

for different purposes such as increasing shelf life, reducing packaging costs, making food available during off-season, and 
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maintaining nutritional value. Drying or dehydration of fruits and vegetables can be accomplished with little capital while 

maintaining high quality and obtaining less perishable food products. 

Drying Techniques 

Several types of dryers and drying methods, each better suited for a particular situation are commercially used to remove 

moisture from a wide variety of food products including fruits and vegetables. There are different types of drying processes 

are as follows: 

1. Solar drying 

2. Atmospheric drying including batch (mechanical/cabinet drying) and continuous (fluidized bed, spray and drum drying) 

3. Osmotic dehydration 

4. Sub-atmospheric dehydration (freeze drying) 

Chemical Preservation 

Use of chemical additives such as sugars, salt, acids, spices etc. 

1. High sugar preservation: In the food preservation with sugar, the water activity cannot be reduced below 0.70. This value is 

sufficient for bacteria, yeasts and molds inhibition but does not prevent osmophilic yeasts and xerophillic molds attack. For 

this reason, various means are used to avoid mould development such as finished product pasteurization (jams, jellies, etc.) 

and use of chemical preservatives. 

2. Use of salt/acid/spices (Pickling): Pickle is an edible product preserved and flavoured in a solution of common salt and/or 

vinegar. The preservation of fruits and vegetables in common salt and/or in vinegar is called pickling. Spices and edible oils 

may be added to the product. Raw mango, lime, turnip, cabbage, cauliflower etc., are preserved in the form of pickles, which 

have become popular in several countries. Apart from having nutritional and therapeutic value, they have appetizing appeal. 

3. Use of chemical additives: The Food and Drug Administration (FDA) has defined food additive as a substance or a mixture 

of substances, other than the basic foodstuff, which is present as a result of any aspect of production, processing, storage or 

packaging. It comprises of preservatives, antioxidants and many others. According to FDA, ‘chemical preservative is any 

substance which is capable of inhibiting, retarding or arresting the process of fermentation, acidification or other decomposition 

of food or masking any of the evidence of any such process or of neutralizing the acid generated by any such process but does 

not include salt, sugars, vinegar, spices or oils extracted from spices’. Chemical food preservatives are added in very small  

quantities (up to 0.2 per cent) and they do not alter the organoleptic and physico-chemical properties of the foods. Preservation 

of food products containing chemical food preservatives is usually based on the combined or synergistic activity of several 

additives, intrinsic product parameters (e.g. composition, acidity, water activity) and extrinsic factors (e.g. processing 

temperature, storage atmosphere and temperature). This approach minimizes undesirable changes in product properties and 

reduces concentration of additives and extent of processing treatments. Chemical food preservatives are applied to foods as 

direct additives during processing, or develop by themselves during processes such as in fermentation. Certain preservatives 

have been used either intentionally or accidentally for centuries, which include sodium chloride (common salt), sugar, acids, 

alcohols and components of smoke. In addition to preservation, these compounds contribute to the quality and identity of the 

products. 

Biological Preservation (Fermentation) 

Fermentation technology involving alcoholic or acidic fermentations using selected desirable microorganisms 

The various preservation methods discussed so far are based on the application of heat, removal of water, freezing etc. All 

these methods have the common objective of reducing the number of living microorganisms in foods or at least holding them 

in check against further multiplication. Fermentation processes for preservation purposes, in contrast, encourage the 
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multiplication of lactic acid forming bacteria and their metabolic activities in foods. But the organisms that are encouraged are 

from a selected group and their metabolic activities and end products are highly desirable. 

Combined Method of Preservation (Hurdle Technology) 

A judicious combination of more than one method mentioned above for synergistic preservation is called hurdle technology. 

The trend of using a wide range of mild preservation techniques has emerged to be known as combined preservation or barrier 

(Hurdle) technology. Hurdle in food is defined as the substance or the processing step or various preservation factors, 

inhibiting the growth of various microorganisms resulting in the death of microorganisms. It advocates the deliberate 

combination of existing and novel preservation techniques in order to establish a series of preservative factors (hurdles) that 

any microorganisms present should not be able to overcome. It requires a certain amount of effort from a microorganism to 

overcome each hurdle. Higher the hurdle, greater the effect. Several tropical and sub-tropical fruits and vegetables like carrot, 

capsicum and coconut are processed by hurdle technique by slight reduction of water activity (aw 0.92-0.95), lowering of pH 

(below 4.5) and mild heat treatment (in-pack pasteurization at 85°C) or treatment with antimicrobial additives with a view to 

control microbial growth, packed in flexible polymeric pouches and are evaluated for their shelf stability under ambient 

conditions. 
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Abstract 

“The importance of fertigation in increasing productivity with efficient and reduced consumption of water and nutrients with 

practically no pollution is emphasized. The concept of fertigation, including the concepts of wetted soil volume and the 

resultant root volume and their optimization are discussed. The necessity, principles, chemistry and interactive effects, 

advantages and limitations of fertigation are explained. The precautions to be taken are also enlisted. The response of different 

crops to fertigation in terms of yield, use efficiency of water and nutrients etc. are reviewed hereunder.” 

Introduction 

Fertile and productive soils are the most important components responsible for the development of stable societies and 

civilizations right from ancient days. As the central pillar of ecosystem functionaries, healthy soils ensure not only the growth 

of plants which are needed for food, fibre and feed for animals but for water and energy security also. Soil fertility refers to the 

capacity of a soil to supply the essential nutrients to the plants, at correct time in balanced proportion according to the crop 

requirement (Singh and Singh, 2015). The world’s population continues to grow rapidly, but the productive cropped land area 

is decreasing very rapidly due to industrialization and urbanization. (Oliver and Gregory, 2015).  

The need to supply enough food for a growing world population stimulated interest to increase input efficiency utilizing 

varieties with high yield potential along with improved water and 

fertilizer use efficiency. This has got practical significance in terms of 

increasing scarcity for water on one hand since the demand for water 

is increasing at an alarming rate, while on the other hand, precision 

farming was initiated to improve the fertilizer use efficiency using 

newly available technologies by different rates and combinations as 

needed for the crop. Precision farming and protected cultivation 

plays a major role in increasing the productivity from the decreasing 

cropped area with high water and fertilizer use efficiency utilizing 

latest technologies. The importance of these aspects has been 

reviewed by many workers. (Keller and Bliesner, 1990; Mondal and 

Tewari, 2007).  

What is Fertigation? 

One of the features of precision farming is to have maximum possible use efficiency of applied inputs especially water and 

fertilizers. Hence the fertilizers are dissolved at appropriate concentrations in water and applied through irrigation water by 

micro irrigation systems. This practice is known as fertigation, where the nutrients and water in required quantity at correct 

time are placed in the root zone so that maximum absorption of applied nutrients and water is assured to achieve more crop 

per drop of water. 

A large range of fertilizer products are important for fertigation depending on their physico chemical properties. Solid fertilizer 

sources are typically less expensive. Four main factors to be considered in selecting fertilizers for fertigation are:  

1. Plant type and stage of growth  

2. Soil conditions  

3. Water quality, and  
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4. Fertilizer available and price (Kafkafi and Tarchitzky, 2011)  

Fertilizers with high purity and solubility containing low salt levels and with an acceptable pH should be selected, and it must 

fit in the farm management program in terms of cost. 

Need and Essentiality of Fertigation 

The uneven growth is seen in fertilizer consumption across states and crops culminating in inadequate and imbalanced 

fertilizer application often resulted in increased use of fertilizer and dependence on import of fertilizers. Further the decline in 

crop response to applied fertilizer due to imbalanced fertilizer application weakens the relationship between fertilizer use and 

yield potential. This also attenuates the need for balanced application of fertilizer in water soluble form as per the stage wise 

requirement of the crop in the active root zone in order to achieve maximum efficiency of both water and fertilizer (NCPAH, 

GOI, 2017). 

Principles of Fertigation 

The fertigation system aims at increasing yield by optimizing water and fertilizer use efficiency with reduction in quantity of 

fertilizer, water and labour, and minimizing pollution. The discharge rate of water should optimize the wetted soil volume in 

order to assure optimum root growth. This in turn will definitely help in increasing biomass production and economic yield. 

Such practices usually extend the crop duration and hence the yield, naturally by consuming more quantity of nutrients and 

water with minimal loss of these inputs. Because of application of small quantity of nutrient and water with more frequency, 

losses beyond the root volume are minimized thereby improving the use efficiency. The concentration of nutrients in irrigation 

water should be in such a way so as to maintain the required soil solution concentration in the wetted root zone. If the 

concentration exceeds the above limit, buildup of salinity can be anticipated, while influx towards the root surface will not 

occur if it is below this level, which in turn hinders the nutrient uptake (Bar-Yosef, 1999). 

Advantages of Fertigation 

Fertigation assures uniform distribultion of nutrients to the rhizosphere where the active roots are concentrated. Effective 

foraging space (EFS) of a plant is defined as the soil space which accounts for 80 per cent or more of root activity (Wahid, 2000). 

Therefore, it is possible to supply the nutrients in the EFS to assure almost complete absorption according to the crop demand 

throughout the growing season. Moreover, fertigation ensures higher and quality yield along with savings in time and labour 

which makes fertigation economically profitable (Singh, 2002). Fertigation involves not only the efficient use of the two most 

precious inputs, i.e. water and nutrients, but also exploits the synergism of their simultaneous availability to plants.Thus, losses 

of fertilizers are prevented and maximum absorption is assured since there is constant supply of soluble form of nutrients 

through irrigation water in small quantities. Moreover, the amount of fertilizer to be applied can be significantly reduced since 

the efficiency is the highest possible. This is because of application of soluble forms of fertilizers through micro irrigation system 

only to the wetted root zone. Easy and uniform application in soluble form through irrigation water assures reduction in labour 

cost, especially for top dressing. 

Precautions for Fertigation 

1. The fertilizers should be fully dissolved in water before fertigation.  

2. The selected fertilizers should be fully compatible with each other.  

3. The quality of irrigation water should be properly checked and managed before mixing.  

4. Incorrect application may lead to salinity problem, crop damage, leaching of nutrients and pollution of ground water.  

5. The time needed to distribute the fertilizer should be less than the time needed to supply enough water to the field; otherwise 

salinity may arise.  

6. Over irrigation should be avoided.  

7. The ratio NH4 /NO3 of nitrogen sources should be such as to have a nitrogen mixture with 80% of nitrates and 20% of 

ammonium to regulate pH. 
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Conclusion 

The economic use of fertilizers and water for realizing the potential yield and for sustainable agriculture is the need for the 

hour. This is required to harvest more quantity produce with a competitive price which can be planned for seasons of high 

demand under protected cultivation system. The efficient use of water and fertilizers for more yield per unit area is necessary 

for food security and for keeping the soil and water in a pollution free environment. Fertigation is not an alternate way but the 

need of the hour and the best way to realize the potential yield with highest fertilizer and water efficiency and with least 

pollution with more control over factors of productivity. 
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Introduction 

The Earth’s natural resources are finite, whereas the amount of people that the land ought to support continues to grow quickly. 

New agricultural analysis is needed to supply knowledge to the farmers, policy and various decision makers on them 

accomplish property agriculture over the widely diverged variations in climate around the world. The deployment of crop 

models throughout this direction in analysis is being impressed, at present time. 

Crop Growth Models 

Crop growth model are the representations of the real-world system. The models simulate or imitate the behaviour of real crop 

by predicting the reactions that occur within the plant and the interactions between the plant and its environment. The growth 

components, such as leaves, roots, stems and grains are analyzed. Thus, crop growth models estimate not only the final yield 

but also the major process involved in growth and development of plant.  

Types of Models 

Depending upon the purpose for which it is designed, the models are classified into different groups or types. Of them a few 

are: 

1. Statistical models: These models express the relationship between weather parameters and yield or yield components. 

Statistical techniques are used in these models for quantifying the relationships.  

Example: Step down regressions, correlation, etc. 

2. Mechanistic models: These models explain the relationship between weather parameters and yield, in addition they explain 

the mechanism of these models (explains the relationship of influencing dependent variables). These models are based on 

physical selection. 

3. Deterministic models: These models make use of the defined coefficients estimate the exact value of the yield i.e., dependent 

variable.  

4. Stochastic models: A probability element is attached to each output. For each set of inputs different outputs are given along 

with probabilities. These models define yield or state of dependent variable at a given rate. 

5. Dynamic models: Time is included as a variable. Both dependent and independent variables have constant values over a 

given period of time. 

6. Static models: Dependent and independent variables having values remain constant over a given period of time. But here 

time is not included as variable. 

7. Simulation models: Computer models, in general, are a mathematical representation of a real-world system. In crop 

simulation models, agricultural production is estimated as a function of weather and soil conditions as well as crop 

management. These models use one or more sets of differential equations and calculate both rate and state variables over time, 

normally from planting until harvest maturity or final harvest. 
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8. Descriptive model: A descriptive model describes the behaviour of a system in a simple manner. It consists of one or more 

mathematical equations. An example of such an equation is the one derived from successively measured weights of a crop. 

The equation is helpful to determine quickly the weight of the crop even when no observation was made. 

9. Explanatory model: This includes the processes and description of the mechanisms quantitatively that cause the behaviour 

of the system. To create this model, a system is analyzed and its processes and mechanisms are quantified separately. The 

model is built by integrating these descriptions for the entire system. It contains descriptions of distinct processes such as leaf 

area expansion, tiller production, etc. Crop growth is a consequence of these processes. 

Applications of Crop Modelling in Agriculture 

Crop simulation models basically applied in three sections 

1. tool for research, 

2. tool for decision-making, and 

3. tool for education, training and technology-transfer. 

Research Understanding 

Model development ensures the integration of research understanding acquired through discreet disciplinary research and 

allows the identification of the major factors that drive the system and can highlight areas where knowledge is insufficient. 

Thus, adopting a modeling approach could contribute towards more targeted and efficient research planning. 

Integration of Knowledge Across Disciplines 

Adoption of a modular framework allows for the integration of basic research that is carried out in different regions, countries 

and continents.  This ensures a reduction of research costs (e.g., through a reduction in duplication of research) as well as the 

collaboration between researchers at an international level. 

Improvement in Experiment Documentation and Data Organization 

Simulation model development, testing and application demand the use of a large amount of technical and observational data 

supplied in given units and in a particular order. Data handling forces the modeler to resort to formal data organization and 

database systems. 

Site-Specific Experimentation 

Specific site selection can be using the model Crop models can be used to predict crop performance in regions where the crop 

has not been grown before or not grown under optimal conditions. 

Yield Analysis 

When a model with a sound physiological background is adopted, it is possible to extrapolate to other environments. 

Simulation models are used to climatically determine yield in various crops. Through the modeling approach, quantification 

of yield reductions caused by non-climatic causes (e.g., delayed sowing, crop spacing, soil fertility, pests and diseases) becomes 

possible. Simulation models have also been reported as useful in separating yield gains into components due to changing 

weather trends, genetic improvements and improved technology. 

Climate Change Projections 

The variability of our climate and especially the associated weather extremes is currently one of the concerns of the scientific 

as well as general community. The application of crop models to study the potential impact of climate change has been widely 

used across the continents. The increased concentration of carbon dioxide and other greenhouse gases are expected to increase 

the temperature of earth. Crop production is highly dependent on variation in weather and therefore any change in global 

climate will have major effects on crop yields and productivity. Elevated temperature and carbon dioxide affect the biological 
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processes like respiration, photosynthesis, plant growth, reproduction, water use etc. Proper understanding of the effects of 

climate change will therefore help scientists to guide farmers to make crop management decisions such as selection of crops, 

cultivars, sowing dates and irrigation scheduling to minimize the risks. 

Scoping Best Management Practices 

Simulation can be done to determine the best management practices under a certain cropping system. Recently, in addition to 

profitable crop production, the quality of the environment has become an important issue that agricultural producers must 

address. Agricultural managers require strategies for optimizing the profitability of crop production while maintaining soil 

quality and minimizing environmental degradation. To achieve this goal, future agricultural research will require considerably 

more effort and resources than present research activity. Models having chemical leaching or erosion components can be used 

to determine the best farming practices over the long-term. Investment decisions like purchase of irrigation systems can be 

taken with an eye on long term usage of the equipment when irrigation schedules are done using the modeling approach. 

Yield Forecasting 

Reasonably precise estimates of crop yield over large areas before the actual harvest are of immense value to both the researcher 

and the farmer in terms of planning. In this approach the model is run using actual weather data during the cropping season 

for the geological region of interest. Weather years for typical years are used to continue simulations until harvest. 

Breeding and Introduction of a New Crop Variety 

Development and release of a variety is a complex process that may extend over a period of 5 – 15 years. Since the modeling 

systems approach integrates different components of agro ecosystems, it can be used to conduct multi-location field 

experiments to understand genotype by environment (G x E). Such studies can help in reducing the number of sites/seasons 

required for field evaluation and thus increase the efficiency of the process of variety development. Again, by modeling a range 

of probable genotypes and selected environments known to discriminate between the genotypes, it is possible that the crop 

parameter determining the specific interaction could be identified. Hypothetical values could then be modeled combining the 

crop parameters conferring the most advantage as an indication of suitable traits and breeding target. A modeling approach 

can also provide estimates of yield probability in target environments based on the understanding of the G x E. 

Conclusion 

Nevertheless, crop models can be used for a wide range of applications. As research tools, model development and application 

can contribute to identify gaps in our knowledge, thus enabling more efficient and targeted research planning. Over a relatively 

short time span and at comparatively low costs, the modeler can investigate a large number of management strategies that 

would not be possible using traditional methodologies. Despite some limitations, the modelling approach remains the best 

means of assessing the effects of future global climate change, thus helping in the formulation of national policies for mitigation 

purposes. 
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Introduction 

Proper diagnosis of the diseases and identification of the diseases causing organism are of prime importance in plant disease 

management. Disease diagnosis is based on numbers of factors, including laboratory tests for pathogen identification. 

Diagnosis of bacterial diseases on the basis of symptoms produced by plant in field, Koch’s postulates used for the confirmation 

of the pathogen which is identified by morphological and biochemical tests. But these tests require one to several weeks for 

confirmation of pathogen. Therefore, improved and rapid diagnostic and identification techniques such as serological methods 

viz. ELISA, LSD, IF, and genotypic approaches viz. PCR etc.  

 

1. Detection of seed-borne inoculum: Cultural, morphological and biochemical characteristics. 

2. Symptoms 

3. Koch’s postulates.  

4. Biochemical markers. 

a. Serological Techniques- ELISA, Lateral flow device and immuno-fluroscence 

b. Genotypic approaches- PCR. 

Integrated Approaches means judicious use of all techniques known for detection of bacteria and diagnosis of bacterial 

diseases. Detection deals with find out presence of particular target organism with in a sample with special emphasis on 

symptomless individuals. Diagnosis related to identification of nature and cause of the disease problem, thus concerning plant 

showing symptoms. The diseases in plant caused by various infectious (Fungi, Bacteria, Viruses, MLO etc.) or noninfectious 

agent (Environment, Lack or excess of nutrient elements. 

Methods of Detection 

1. Morphological characteristics of Major Phytopathgenic Bacterial Genera: 

a. Xanthomonas: Cells are straight rod, 0.4-1.0 by 1.2-3 micrometers, gram–ve and are motile by means of a polar 

flagellum. All species are plant pathogens and are found only in association with plant and plant materials. 

b. Pseudomonas: Pseudomonas are straight to curved rods, 0.5-1 by 1.5-4 micrometers, gram -ve. They are motile by 

means of one or more polar flagella. Many species are common inhabitants of soil or of freshwater and marine 

environment. Most pathogenic Pseudomonas species infect plants; few infect animal or humans. 

c. Erwinia: Bacteria are straight rods, 0.5-1.0 by1.0-3.0 micrometers, gram–ve and aremotile by means of several to 

many peritrichous flagella Erwinia are the only plant pathogenic bacteria that are facultative anaerobes. Some Erwinia 

do not produce pectic enzyme and cause necrotic or wilt diseases (the “amylovora” group), whereas other Erwinia 

have strong pectolytic activity and cause soft rot in plants (the “carotovora” group). 

d. Agrobacterium: Bacteria are rod shaped, 0.8 by 1.5-3 micrometers, gram–ve. They are motile by means of one to four 

peritrichus flagella; when only one flagellum is present, it is more often lateral than polar. 

e. Clavibacter (Corynebacterium): Cells have the shape of straight to slightly curved rods, 0.5 – 0.9 by 1.5 – 4 

micrometers, gram +ve. The bacteria are generaloy nonmotile, but some species are motile by means of one or more 

polar flagella. 
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f. Ralstonia: Untile very recently classified as Pseudomonas, these resemble the latter in most respects with the 

important difference that its cells do not produce flurescent pigment. 

2. Selective Media and cultural Characteristics: 

a. Xanthomonas: Xanthomonas forms yellow colonies on agar medium and produce Xanthomonadin pigment. 

b. Pseudomonas: Pseudomonas forms yellow – green colonies on low iron content media and produce Pyoverdin 

pigment. 

c. Erwinia: Erwinia forms white colonies on King’s medium and produce Indigoidine & Rubrifacine pigment.  

d. Agrobacterium: Agrobacterium forms smooth colonies on carbohydrate containing media. 

e. Clavibacter (Corynebacterium): Clavibacter forms yellow colonies on King’s medium and produce Canthaxanthin 

and Spirilloxanthin pigments. 

Biochemical Tests 

Sr.No Tests Reactions Results 

‘+ve test’ ‘-ve’ 

1 Starch hydrolysis Redish colour around colonies 
indicate ‘+ ve test ‘ 

Bacillus subtilis Escherichia coli 
 

2 Gelatin hydrolysis Clear zone around colonies 
indicate ‘+ ve test ‘ 

Bacillus subtilis 
Proteus vulgaris 

E. coli 

3 Hydrogen 
Sulphide 
Production Test 

Blackening of the medium 
indicate ‘+ test’ 

P. vulgaris E. Coli 
Pseudomonas 
aerogenosa 

4 Urease Test Pink colour indicate ‘+ve test P. vulgaris P. fluorescens 
 

5 Catalase Test Presence of gas bubbles 
indicate ‘+ ve test’ 

Staphylococcus aureus Staphylococcus lactis 

6 IMViC Tests 

i. Indol production Cherry deep red colour 
indicate ‘+ ve test 

E. coli E. aerogenes 
 

Ii Methyl-red Test Red colour indicate ‘+ ve test E. coli E. aerogenes 

These biochemical test / characteristics, the detection of which aid in identification and classification of microorganism that 

appears morphologically identical. 

Diagnostic Methods 

1. Symptomatology: The first step in bacterial diseases diagnosis is to consult a comprehensive host list that covers known 

disease, typical symptoms, and known potential pathogen for a specific host.Crop host and diseases are listed for many bacteria 

(Bradbury J. F.).A list of known pathogen for a given crop greatly reduces the choice to one or two suspect genera for a given 

symptoms. Caution against oversimplification is essential, however, as a number of pathogens may cause similar symptoms 

under field conditions. 

a. Genus – Xanthomonas 

i. Citrus canker (Xanthomonas axonopodis pv. citri): Initial symptoms appear on lower surface of the leaves. 

Lesion appear on leaves twings old branches, thorns and fruits. Initial small, round, slightly raised, light green 

in coloured spots. Later spots become grayish,white, rupture and appear corky and margins of the spots are 

surrounded by yellow hallow. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            688 | P a g e  
 

ii. Angular leaf spot of cotton (Xanthomonas axonopodis pv. malvacearum): Small, round, water-soaked 

spots appear on young leaves and on stem of seedlings. Later spots on leaves appear as angular, brown to 

black of varying size and on stem, petioles and branches appear as elongated, sunken, dark brown to black 

lesion. The young stem may girled and killed in the black arm phase. Sunken black lesion may be seen on the 

bolls. Young bolls may fall-off.  

b. Genus – Pseudomonas 

i. Halo blight of bean (Pseudomonas syringae pv. phaseolicola): Dark- green, water-soaked spots on the lower 

side of leaves. Later spots enlarge, coalesce and turn brown- black surrounded by yellow halo. 

c. Genus - Erwinia 

i. Soft rot of patato (Erwinia carotovora pv. carotovora): Soft- rot symptoms being as a small water-soaked 

lesion, which enlarge rapidly in diameter and in depth. The affected area become softy and mushy while its 

surface become discolored and somewhat depressed. Later a whole tuber may be converted in to a soft, watery, 

decayed mass within 3-5 days and produced foul smell. 

ii. Fire blight of apple (Erwinia amylovora):  The tip of infected twing is hooked and the leaves turn black 

and cling to the twing. Infected small, immature fruit become water soaked then turn brown, shrivel, turn 

black and may cling to the tree for severel months after infection. 

d. Genus – Agrobacterium  

i. Crown gall (A. tumefaciens): Abnormal outgrowth of infected tissues knows as gall. Galls first appear as 

small, round, whitish soft outgrowth on root and stem. Later, as the tumour enlarge they turn dark brown due 

to death and decay of peripheral cells. The affected plants may become stunted; they produce small, chlorotic 

leaves and are more susceptible to adverse environmental conditions, especially winter injury.  

e. Genus - Streptomyces  

i. Scab of potato (Streptomyces scabies): Scab mainly appears on lower ground parts of plants. The infected 

tubers show small, brownish, raised spots. Later, the spots enlarge, unite and become corky. The lesion on 

tubers may be shallow or deep seated (up to 3-4 mm deep). The disease is more prevalent in neutral or alkaline 

soils. 

f. Genus - Ralstonia 

i. Wilt of tomato (Ralstonia solanacearum): Infected young plant die rapidly. Older plants shows wilting of youngest 

leaves,   stunting of plants and finally death of entire plant. If the diseased plant is cut across in the stem white bacterial 

ooze come out and xylem vessels are seen discoloured dark brown. The bacterium is mainly confined to the vascular 

region but in advanced cases, it may invade the cortex and pith regions and cause discolouration of the tissue. 

2. Koch’s postulates: Robert Koch’s (1887) given the four steps to prove the pathogenicity. These four steps, rules, or criteria 

are known as “Koch’s postulates”.  

a. The suspected causal agent (bacterium or other microorganism) must be present in every diseased organism (e.g., a 

plant) examined. 

b. The suspected causal agent (bacterium, etc.) must be isolated from the diseased host organism (plant) and grow in 

pure culture. 

c. When a pure culture of the suspected causal agent is inoculated into a healthy    susceptible host (plant), the host 

must reproduce the specific disease. 

d. The same causal agent must be recovered again from the experimentally inoculated and infected host, i.e. the 

recovered agent must have the same characteristics as the organism in step-2 

 The ultimate verification of a plant pathogen generally requires a pathogenicity test, but these tests require 

time, availability of host germplasm, optimal greenhouse conditions. These tests will not distingwish between closely 

pelated pathovar, such as P. syringae pv.tomato and P. syringae pv. syringae. 
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3. Biochemical markers:  

a. Serological technique: 

i. ELISA: Enzyme linked immunosorbent assey consists of immobilization of antigen to a microtitre plate                  

and it’s binding with antibodies congugated to an enzyme. Enzyme degrade by the substrate results                   

into coloured reaction. If colour changes Yellow or Orange indicate positive test (Presence of bacteria). 

Types of ELISA 

1. Double antibody sandwich (DAS- ELISA): Bacteria are traped by antibacterial antibody and detected by using enzyme 

labelled bacteria specific antibody. 

2. Direct antigen coated (DAC- ELISA): The microtitre plate is first coated with antigen (Bacteria) followed by reaction with 

homologous antibodies which are then detected by the enzyme lablled 2nd animal antibody against antibodies of 1st animal.  

a. Lateral flow devices (LFD): The principle involved in LFD are similar to those of ELISA, but various types of filters 

are used as solid support for initial binding reation (Dank et al.).A lateral flow device test kit developed by Centrel 

Science Laboratory, U.K., permits detection of R. solanocearum in a three minute, single step. Kits also available for E. 

amylovora (J. Elphinstone, pers. comm.) 

b. Immunofluroscence: The specific binding of antigen and antibody which can be determined by using fluorescein               

isothiocyanate (FITC) labeled antibody in section taken from infected plant. 

Genotypic Approaches 

Polymerase Chain Reaction (PCR): The PCR was first invented by Kary Mullis in 1987. PCR is used to detect the presence of a 

specific segment of nucleic acid, which could be diagnostic for infectious agents (Bacteria, Viruses etc.). The techniques are 

based on logarithmic amplication of specific nucleic acid segment so that even trace amount of a particular infectious agent can 

be detected. 

Conclusions 

1. Phytopathogenic bacteria can be detected applying the techniques viz. morphological and cultural characteristics and 

biochemical tests. 

2. Plant bacterial diseases can be diagonized by using the tools and techniques viz. symtomatology, Koch’s postulates and 

biochemical markers. (serological techniques and genotypic approaches). 
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Introduction 

Increasing population and advancement in technology are continuously putting a distress on the natural resources of India. 

Over-exploitation of the country’s resources like land, water etc. has resulted in degradation of resources. One-fourth of human 

beings withstand a rising water crisis, including the forecast of running out of water, which may sound unbelievable when 70 

per cent of the Earth’s surface is water. Growing human population is the first reason that is causing water stress around the 

world at the same time as the water supply has remained the same. Extreme climatic changes are another factor that has begun 

to jeopardize water availability globally. Countries like India having the earth’s fastest population growth are less equipped to 

take care of the water security challenges. Here, women’s participation in water management is among the lowest in the world. 

However, In India, overall population of women is 48.04% which is comparable to 51.96% male population. So their 

contribution in water management has big role to play. Though India is rich in water resources, mismanagement causes huge 

difference in water demand and supply ultimately induce water scarcity. In most societies, women have primary responsibility 

for management of household water supply, sanitation and health. Water is necessary not only for drinking, but also for 

personal hygiene, food production and preparation, care of the sick, care of domestic animals, washing, cleaning and waste 

disposal. Because of their dependence on water resources, women need to have compiled considerable knowledge about 

utilization and management of water resources, and water quality. However, measures taken to improve the management of 

the world’s limited water resources and extending access to safe drinking water, often overlook the central role of women in 

water management. In survey found that 64% of women in urban areas and 60% in rural areas who were involved in domestic 

work. In both rural and urban areas, about 92% spent most of their time on domestic work. This research proves that women 

are primary users of water. Women should play a greater role in managing water since they have considerable participation in 

both domestic and agricultural water use. However, women viewpoints and roles in water management are barely taken into 

consideration in forming programmes & policies. 

National Water Policies and Women 

National Water Policy is drafted by the Ministry of Water Resources of the Government of India to check the preparation and 

development of water resources and their optimum utilization. The first National Water Policy was drafted in September, 1987. 

It was reviewed and updated in 2002 and later in 2012. These policies do not give substantial attention to the gender related 

concerns. The National Water Policy of 1987, point out the need for social justice and equity in water distribution. However, it 

does not introduce women as a special group and consider only the socially disadvantaged classes such as Scheduled Castes 

and Scheduled Tribes and economically disadvantaged sections (smaller farmers). The National Water Policy of 2002 

introduces women only once while giving priority to proper roles for them in designing participatory water institutions. The 

National Water Policy of 2012 goes a step further to examine the unique needs and hopes of women along with Scheduled 

Tribes (STs), Scheduled Castes (SCs), and other weaker sections. However, the National Policy for Women 2016 recognizes the 

work done by women in agriculture and highlights legal provisions to secure women’s rights to fixed property such as land. 

The policy also recognizes that non availability of water puts additional burden on women; hence, it recommends that the 

design of projects and programs must be done considering women as noteworthy water users. It also recommends the need 

for participation and training of women in conservation of water and its judicial use. 
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Participatory Irrigation Management and Women 

Participatory Irrigation Management (PIM) is co-operation and participation of farmers in management, operation, and 
maintenance of the irrigation systems at secondary and tertiary levels through forming “Water User’s Associations” (WUAs). 
It is a tool for improving irrigation management along with sustainability of the system. When natural resources such as water 
get managed by societies and participation in the local institutions becomes important in deciding the rights over the resources. 
Women are often found lagging in participation in these institutions. The participation of women in water user associations 
(WUAs) in India is often minimal in spite of the considerable involvement of women in decision-making and agricultural 
production. Men and women often take decisions jointly related to land-use and crops, but irrigation water-related decisions 
seem to be mainly taken by men. Agricultural policies in most developing countries continue to be dominated by the 
impression that “farmers are men”, and the work of women is bounded to being homemakers, helpers, and housewives. Water 
Acts for judicial use of water in several countries such as China, Zimbabwe, and Egypt do not focus on the importance of 
gender needs, and they largely ignore women. 

Factors Affecting Women Participation 

Currently, low level of women participation in Water User Associations (WUAs) and water management in India has been 
attributed to several factors. 
1. The gender gap in property rights is one of the most important reasons for this. Water rights are typically allocated based on 
formal land rights, and the women are excluded because of the lack of rights over the land. 
2. Women are also recognized to be not capable of making a meaningful contribution because they are either not aware, 
illiterate, busy, or absence of communication skills. 
3. The social norms confining women to their traditional roles, and immediate locations of meeting, are also bonded to constrict 
women from participating actively. Women also feel that it is irrelevant to talk in public. 
4. Women think that their participation in water management is time-consuming, which time could otherwise be used in 
household activity. 
5. In India, women are usually supervised by men of their families and suppressed to issues directly related to them such as 
women’s right and birth control. As a result, the household women are usually deprived of participation in water management. 

Conclusions 

Women are the organizer of the family’s water budget. Since they use water for most of the household work, they are 
considered extremely important in water conservation. When women properly manage and conserve water in the house, they 
also teach their husband, children and other family members about the usefulness of water conservation. Women themselves 
need to cut down on water use by exchange of water conserving methods and other personal adjustments. Women who work 
can similarly exert their influence in the office by spreading knowledge about water conservation benefits among colleagues 
and the employer. Although women are primary users of water hence due to illiteracy, they are less aware about availability 
of water resources and its efficient use. Most unaware people think that water is available in abundance and they don’t care 
about their wastage. They keep the tap fully open while doing all household works like (washing, cleaning, bathing etc). Many 
women don’t take wastage of water as a serious problem since housewives live in home for more time so it is their responsibility 
to take necessary action to stop wastage. So, it is more important that women have to be aware about water conservation and 
scarcity problem in India. So, awareness or training program should be conducted at village or city level. After that, all kinds 
of women, whether housewives or not, will play a vital role to conserve water. Overall, water conservation by public 
participation can be only effective when women are actively participated as they are the key players for achieving sustainable 
management of water resources. 
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Introduction 

1. Chromatography is a separation tool/ technique rather than preparatory technique, which is used for separation of the 

components from a mixture.  

2. The word chromatography is derived from the two Greek words- Chroma means color and Graphos-to write. 

3. Chromatography involves distribution of solutes between two immiscible phases which are: 

a. Mobile phase- It may be either liquid or gas. 

b. Stationary phase- It may either liquid or solid, which is loaded in a column where it is fixed and the mobile phase is 

allowed to percolate through the stationary phase. 

Mobile Phase Stationary Phase Technique 

Liquid Liquid Partition chromatography 

Gas Liquid Gas-liquid chromatography 

Liquid Ion Exchange resin Ion exchange chromatography 

Liquid Molecular sieves Ion exclusion/ Gel permeation chromatography 

Liquid Thin layer of silica/alumina Thin layer chromatography 

Liquid Paper (like cellulose) Paper chromatography 

Gas Chromatography- Mass Spectrometry 

It is an analytical method that combines the features of gas chromatography and mass spectrometry to identify different 

components within a test sample. The limit of detection (LOD) in GC-MS is ppm level, whereas now a day’s GAS 

CHROMATOGRAPHY TANDEM MASS SPECTROMETER (GC-MS/MS) is used and its limit of detection is ppt level. Mass 

spectrometry (MS) is a detector that is added to either GC or LC (Liquid chromatography). In GC-MS the compound is 

fragmented only once. In GC-MS/MS a fragment from the compound is further fragmented by colliding it with a gas like argon 

to produce daughter ions. This will produce an MS/MS spectrum which will enable the user to precisely quantify the target 

by eliminating any possible matrix interference. GCMS/MS needs standards for quantifying the compound. 

Gas Chromatography 

It is an analytical technique used to separate volatile compounds (compounds that get easily vaporised at room temperature) 

and thermally stable compounds based on their volatility and polarity; using gas as a mobile phase and the stationary phase is 

usually liquid coated on to a solid which is fixed in a column. Therefore it is also called as gas- liquid chromatography. 

Components of Gas Chromatography 

1. Mobile phase: Mobile phase used is generally inert gas like helium and unreactive gas like nitrogen. Mobile phase gas is 

kept in a cylinder which is connected to the column via molecular sieve (it separates unwanted hydrocarbons, water vapour 

and oxygen that may interfere with the sample during analysis) and as the name “mobile” it is moving 

2. Sample injector: The sample is injected in the sample injector where it is converted into vapour and this vapour is carried 

by the mobile phase gas to the column. 

3. Column: The column used in gas chromatography is very long and arranged in coil. Column are of two types: 

Particulars Packed column Capillary column 

1. Material Glass or stainless steel Fused quartz 
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2. Length 1-3meter 10-100 meter 

3. Internal diameter 2 to 4mm 0.1 to 1mm 

Column is placed in a chamber (oven) so that uniform temperature can be maintained. Column is filled with stationary phase 

(it is stagnant or fixed) 

4. Stationary phase: It is packed in the inner wall of column and high boiling liquid is present inside the stationary phase, so 

that it can resist the chamber temperature. 

5. Detector: At the end of the column, there is detector, which detects the sample. 

6. Computer: When the sample is detected the computer gives peak with respect to retention time of the sample. 

Instrumentation 

The samples which need to be separated are mixed with appropriate volatile solvent such as acetone, ethyl acetate, n-hexane. 

Just before the column there is a septum to inject the sample. Temperature of the injection region is kept 20 to 500C higher than 

that of the column; this allows rapid volatilization of the sample and once the sample is volatilizes it passes down the column 

along with the carrier gas (mobile phase) where the separation of molecule occurs. During the time of analysis temperature of 

the column is kept between 150 to 3000 C. The mechanism of separation is based on the interaction of molecules between the 

mobile and stationary phase. Separation is based upon two main properties i.e., Volatility and Polarity. 

Fig: 1 Column (stationary phase) 

For Example: There is a packed bed column and the stationary phase is made up of polar molecules. 

In the sample mixture suppose we have 3 different molecules, black (highly volatile and non-polar), green (less volatile and 

polar) and red (highly volatile and polar). 

Concept of Separation of Molecules 

1. Molecule (polar) – Stationary phase (polar) – interaction is more - more time to reach the detector. 

2. Molecule (non-polar) – Stationary phase (polar) - interaction is less – less time to reach the detector i.e., it moves faster 

towards the detector. 

3. More is the volatility of the 

molecule it will reach faster to the 

detector and vice-versa. (The 

more volatile molecule interacts 

less with the stationary phase 

and move faster down the 

column, whereas the less volatile 

molecule interact more with the 

stationary phase and slowly 

move along the column).   

4. Volatile molecules having high 

vapour pressure and low boiling Fig: 2 Gas Chromatography 
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point, so they travel fast across the column, whereas molecules having high boiling point travels slow across the column to 

reach the detector. 

So, in this case black molecule will reach first to the detector then red and then lastly green will reach to the detector (fig:2). 

Once the separation is completed, then detection is done by the detector at the end of the column. When the sample is detected 

and the computer gives peak with respect to retention time of the sample. The area under peak give information about the 

concentration of the sample, if the concentration is less the area under the peak is less and if the concentration is more the area 

under the peak is more. 

For detection of unknown samples, we need to have standards. Suppose we take     methanol as sample and peak of methanol 

comes in 5 min and acetone in 3 min (fig: 3).  

Now a day’s Mass Spectrometry (MS) detectors are used for analysis of samples. MS in conjunction with either liquid 

chromatography (LC-MS) or gas chromatography (GC-MS) provides a method for characterizing the impurities. In MS analysis 

of molecules (analytes) by measuring its mass to charge ratio. 

 
Fig: 4 Gas chromatograph with mass spectrometer attached 

The most common type of mass spectrometer used in gas chromatography is the quadrupole mass spectrometer. Sometimes 

referred as Hewlett-packed (now Agilent) trade name ‘Mass Selective Detector’ (MSD). When a second phase of mass 

fragmentation is added, for example using a second quadrupole in a quadrupole instrument, it is called tandem MS 

(MS/MS). MS/MS is used to quantify low level of trace compounds in the presence of a high sample matrix background. The 

first quadrupole (Q1) is connected with a collision cell (Q2) and another quadrupole (Q3). Both the quadrupoles can be used 

in scanning or static mode depending upon the type of MS/MS analysis being performed. Type of analysis includes product 

ion scan, precursor ion scan, neutral loss scanning and multiple ion monitoring. 

Fig: 2 Gas Chromatography 
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Conclusions 

Gas chromatography tandem mass spectrometry (GC-MS/MS) is an analytical technical used to separate volatile and thermally 

stable compounds. It provides a highly sensitive, accurate, specific and best method to determine trace levels of organic 

contamination. 
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Introduction 

Agriculture plays vital role in the generation of revenue and a source of food for all over the world. Over the past years, 

agriculture sector has a lot of changes and modernization in the different farming approaches and techniques. The modern 

farming practices are so important to meet the demand for the growing population. Innovations in modern technologies such 

as water conservation practices and hybrid seed technology help to crops grow well in drought situations. Also, it helps to 

prevent soil erosion, and thus leads to hamper the productivity. So, the use of modern technology in agriculture comes with a 

lot of benefits. 

Modern Agricultural Technologies 

Technologies in agriculture can be used in different aspects of agriculture such as the application of herbicide, pesticide, 

fertilizer, and improved seed. Over the years, technology has proved to be extremely useful in the agricultural sector. There 

has been a limitation on how to speed the process of modern technological adoption in agriculture. This can be attributed to 

the fact that speeding up this concept involves a lot of knowledge and the understanding of some of the elements that influence 

the decision of farmers to adopt modern technology in farming. The land size, cost and benefits of technology, are some of the 

economic factors that determine the rate of agricultural technology adoption. Farmers’ education level, age, social groupings, 

and gender are some of the social factors that influence the probability of a farmer to adopt modern agricultural technologies. 

Small scale farmers face both internal and external challenges for the adoption of modern agricultural technologies. This aspect 

accounts for the slow rate at which such technologies are adopted. Regardless of the challenges, what matters is whether 

modern technology has any value in the agricultural sector. The following section highlights the significance of modern 

technology in agriculture. 
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Uses of Modern Technologies in Agriculture 

There are various uses of technology in agriculture including the following. 

1. Farm Machineries: One of the challenges that farmers face nowadays is the labour scarcity and high labour cost. So, the 

introduction of combined harvesters and planters in the production process of agriculture will improve the agriculture 

production. It is important, therefore, to plant early, harvest in time, as well as ensure that the yield is stored within the right 

time. The use of modern technology in agriculture ensures that farmers grow vast food within the shortest time possible. GPS 

technology has been used in the development of autopilot sprayers and tractors that do not require any driver. Such technology 

is important in agriculture in that it promotes better and more efficient farming practices. 

2. Crop Sensors: The crop sensors effectively apply fertilizers and pesticides as the need of crop. Variable rate of technology in 

crop sensor gives the opportunity to sense how your plants are feeling and subsequently help you reduce the probability of 

leaching or surface runoff. Crops sensors are designed in a manner that they dictate to the application machinery the amount 

of the resource that a given crop needs, and at what time. 

3. Global Positioning System (GPS): GPS is a common technology in agriculture. It involves documenting the status of the 

farmland. Through the GPS, it is easy to determine and document the yields of given farm, and record of the application rates. 

The recommendable documentation technology is the yield map, which can be used to offer a summary of entire year’s 

activities. Such maps are highly useful as they can give a wide range of information about the status of drainage system in 

field. 

4. Biotechnology: Biotechnology is also referred to as genetic engineering and the process of improving the genes of a given 

crop. In most cases, genetic engineering is carried out to increase the resistance of certain crops to farm inputs such the 

application of herbicides. Through biotechnology, farmers can plant on areas that were otherwise considered dry or deserts. 

Reduced farm inputs imply that the farmer as well saves on the cost of farm resources. 

5. Monitoring and Controlling Crop Irrigation Systems via Smartphone: Mobile technology is playing a very crucial role in 

monitoring and controlling crop irrigation systems. In this modern technology, a farmer will control the irrigation systems 

from a phone or computer instead of driving to each field. Moisture sensors in the ground are in the ground of able to 

communicate information about the level of in agriculture. This increased flexibility allows for more precise control of water 

and other inputs like fertiliser that are applied by irrigation pivots. 

6. Ultrasounds for Livestock: Ultrasound is used to discover what quality of meat might be found in an animal before it goes 

to market. The testing of DNA helps to produce to identify animals with good pedigree and other desirable qualities. For 

improving the quality of herd, this information can be used to helps the farmer to improve quality. 
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Conclusions 

Modern agricultural technologies hope to achieve profitable economy and better output. It is therefore, important to be careful 

with the goals and objectives that set aiming upon the implementation of different technologies in agriculture. Some of the 

aspects like how to apply organize fertilizer, irrigation, intensive tillage, monoculture, and the application of other resources 

should know. However, in order to achieve goals, farmers need to understand the concept of modern farming and the use of 

technology. 
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In summer condition, the supply of green fodder is not sufficient to livestock. Therefore, in summer condition livestock seems 

week. The livestock distribution depends upon the climatic conditions and fodder availability. Grasses and fodder can be 

preserved either as silage (wet fodder) or hay (dried fodder) depends upon weather condition and resource. Green fodder is 

the primary only source of vitamin A for lactation, vitamin ‘A’ is present in the form of precursor. Green forages have cooling 

effect on the animal body, more palatable contain easily digestible nutrients, provide fresh effectively utilizable nutrients in 

natural form and slightly laxative. The use of concentrates no doubt will give the greatest animal production per unit feed 

intake, but this may not be economical in countries like India where grains and concentrates are costly and/or in short supply. 

On the other hand, animals yielding as high as 8 litres of milk can easily be maintained solely on green fodder without any 

concentrate. But unfortunately, only 6.9 million ha or 4.4% of the countries area is under fodder cultivation and hardly any 

scope for further expansion because of pressure on agriculture land for food and cash crops. India has about 15% of world 

livestock population with only 2% of world’s geographical area. The projected green and dry fodder requirements for the year 

2000 A.D. are 1136 million and 949 million tons respectively. The current feed and fodder resources in India can meet only less 

than 50% of the requirement of its livestock population of 450 million. The grazing intensity is very high viz., 2.6 cattle unit per 

ha as against 0.8 cattle unit per ha in developed countries. We are highly deficient in various livestock products, though we 

have about one-fourth of the total cattle population of the world. The analysis of this situation reveals that one of the main 

reasons for the low productivity of our livestock is malnutrition, under-nutrition or both, besides the low genetic potential of 

the animals. 

Hay Making 

Hay is obtained after dry-storage or desiccation the grass; it contains less 

than 15 percent water. During tedding, green forage is cut and dried as 

quickly as possible. Drying can be done naturally (exposure to the sun on 

the ground aerating the forage regularly by turning it over) or artificially 

by active circulation of air. Sun-drying requires two or three days without 

rain. The hay must then be kept in appropriate conditions (covered area). 

If, when harvesting, the grass has matured and has already dried 

standing, then it is not hay but straw. Hay produced on grazing land 

(Sahel) has the nutritive value of straw because it is harvested when the 

plants reach maturity. The product obtained only meets basic 

maintenance needs and, in rare cases, the marginal production of milk 

and meat.  

Silage Making 

In contrast to hay, silage is the product obtained from wet storage. This method of storage uses the acidifying power of lactic 

bacteria, which reduces the pH to around four, below which all chemical reaction and fermentation ceases. This fermentation 

process preserves forage in its wet state away from air. This ensures that minimum dry matter and nutritional value is lost and 

to avoid creating products that are toxic to the animal. To obtain good silage, it is necessary to use airtight silos (total 

anaerobiosis); several types of silo are used around the world. These are tunnel silo, trench silo, corridor silo, tower silo, etc. 

Clean forage is collected without soil from the earth, it is then chopped and piled. If necessary, apply additional techniques 
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such as pre-tedding for forage with a high-water 

content, or use preservatives (sugar products, 

formic acid, anti-moulds, etc.) to improve 

preservation. It is essential to harvest forage at the 

optimal time, from the viewpoint of nutritional 

quality, quantity available and climatic conditions, 

and then to store it properly to reduce losses.  

Nutritive Value of Fodder Crops 

These are highly digestible (55 – 65%) mostly when 

harvested at a proper time. The crude protein may 

range from as little as 3% in very mature forages to 

over 30% in young heavily fertilized grass (on DM 

basis). The soluble carbohydrate of grasses ranges in the dry matter from 4-30%. The cellulose and hemicellulose are generally 

within the range of 20-30% and 10-30% of the dry matter respectively. Grass proteins are particularly rich in arginine, glutamic 

acid and lysine. Green forages are excellent source of carotene 250mg/kg), the precursor of vitamin A. Generally leguminous 

fodder contains 8-12% DCP and 45-60% TDN. The phosphorus content of leguminous fodder is poor. It is advisable to 

supplement a ration containing a large amount of leguminous fodder with a limited quantity of wheat or rice bran, which is 

rich in phosphorus. The non-leguminous fodder is having 2.5% DCP and 45-60% TDN on dry matter basis. Green fodder is the 

primary source of vitamin A. Vit.A is present in the form of precursor. Green fodder contains 100 mg carotenes /Kg when 

compared with about 20 mg /Kg in silage. Carotene requirement of milch animals is 60 mg for production,30 mg for pregnancy, 

for growth requirement is 11 mg carotene per 100 Kg live weight. Vit A is directly related to vision, maintenance and function 

of mucous membrane, essential for reproduction (for conception, maintenance of pregnancy, shedding of placenta), deficiency 

leads to diarrhoea, mal absorbtion of nutrients, incidence of stone in the kidney, ureter & bladder. During lactation 2000 I.U. 

of Vit.A is eliminated in milk. 

1. Forage dry matter consumption should be near 2%of the body weight. 

2. At least 19-21% acid detergent fibre should be in the total ration. 

3. At least 28-30% neutral detergent fibre should be in the total ration. 

4. Provide at least 2 Kg of fibre a day. 

5. Rumen PH should be above 6.0. A lower PH could limit fiber digestion and protein synthesis.   

6. Fibre particles should be long enough to stimulate 15 minutes of cud chewing time per half a kg. of dry matter.   

7. Fibre length should be chopped at ½ inch to stimulate rumen buffering from cud chewing.   

8. Sodium carbonate or its buffer equivalent should be added at 0.75% of total ration dry mater, especially with high-corn-

silage or high moisture corn rations.   

9. Feed should be available to cows at least 20 hours/day. 

10. During hot weather feed at least 60% of ration at night. 

11. Cows reduce dry matter intake by about 3.3 for every 2.2° rise in temp. over 75°F(24°C).   

12. High producing cows eat up to 12 meals/day each averaging 23 minutes.  

13. Heifer calves will spend 10-15 minutes more time when compared to old cows. 
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Introduction 

Soybean is a leguminous plant and is known for its high protein content. Soybean has an important place in the world's oilseed 

cultivation. It also contributes significantly to the Indian edible oil pool.  It has high productivity, profitability and vital 

contribution towards maintaining soil fertility. Soybean contributes 25% to the global vegetable oil production and about two-

third of the world's protein concentrate for livestock feeding and formulated feeds for poultry and fish. About 85% of the world 

production is processed annually into soybean meal and oil. Most of the soybean meal (around 98%) is crushed to make animal 

feed. About 95% is consumed as edible oil and the rest is used for fatty acids, soaps and biodiesel in industry. According to the 

Soybean Processors Association of India, the global production for 2019-2020 was 336.8 million tonnes. In India, production of 

soybean is 9 million tonnes in an area of 107.65 lakh hectare in Kharif 2019. India has exported 1.450 million metric tonnes of 

soybean meal during year of 2019-20.  Soybean contributes to 43% to the total oilseeds and 25% of total oil production in the 

country. A total of 2699216 metric tonnes of soybean crude oil were imported from different countries during 2019-20. India 

processed 16.6 million metric tonnes during 2017-18 (Anonymous, 2020). 

Why Soybean Based Products in Diet? 

Majority of the population in India is consuming less protein which is crucial for a human being. Soybeans are a rich source of 

good quality protein (480 g/kg of the dry matter) which is around 40%, which is more than any other legumes and many of 

animal product (Garcia et al., 1997, Giri and Mangaraj, 2012). Soybean not only contain rich amount of protein and oil but it  

also contain all the major macronutrients required for good nutrition along with dietary fibre (soluble and insoluble), vitamins 

and minerals and also the source of essential amino acids which are required by human body for its functioning (Giri and 

Mangaraj, 2012, Grieshop and Fahey, 2001). The quality of protein (soybean) is equivalent to that of twice of other pulses, four 

times which of egg and wheat, six times that of rice and twelve times that of milk (Golbitz, 1995). Soybean is known to be a 

good source of omega-3,6 and fatty acids which are found in fish oils. Soybean foods help in strengthening teeth and prevent 

nerve disorder as it contains calcium, magnesium and phosphorus.  

Different Processed Products of Soybean 

1. Soymilk: Soymilk is a cow milk-like product which is a rich source of protein with low-cost as well as abundantly available. 

Many of the food products such as tofu calcium and protein-rich soymilk are prepared from soymilk. Soybean milk is a made 

by grinding cleaned and dried soybean which are already soaked in water in 10:1 v/w ratio overnight (12 hrs) at room 

temperature. The resulting slurry is brought to a boil at 118 °C for 15-20 min in order to improve its taste properties by heat 

inactivating soybean trypsin inhibitor, which not only improves its flavour but also sterilizes the product which leads to 

increment of shelf life up to six months. A small amount of sodium bicarbonate (0.3%) is being added to water to remove 

bitterness and anti-nutritional factors. After that, the insoluble residues (soy pulp) is removed by filtration by using a double 

layered muslin cloth. Generally, from 1kg of soybean, a 6.5-7.5 litre of soy milk can be prepared. Soy milk is either used to 

prepare soy paneer, curd or soy milk, which is sold directly by adding flavours (like chocolate, vanilla, cardamom and so on) 

in it (Golbitz, 1995). 
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Physical and Nutritional Properties of Soybean Milk: Soymilk is generally opaque, white or off-white in colour and 

has approximately the same consistency as cow milk. Soybean milk has the same proportion of protein as of cow milk 

which is around 3.5% and it contains 2.4% fat, 2.9% carbohydrates, 0.5% ash, vitamins and minerals (Mazumder and 

Begum, 2016). Soymilk is a good source of lecithin and vitamin E. Soymilk is a rich resource of magnesium which plays 

an important role in functioning of bones, heart and arteries. It is an intermediate product for the manufacturing of soy 

paneer. Soybean milk is the best source of protein for children allergic to dairy milk. Soymilk is cholesterol free, rich in 

polyunsaturated fatty acids of phospholipids, and has a low-fat content. Soymilk helps to avoid osteoporosis as it is a 

good source of calcium (Plus, 1995). Soymilk contains some anti-nutritional constituents too (Giri and Mangaraj, 2012). 

Soymilk generally contains around 7 to 8% total soluble solids in it. Soymilk contains fibre which controls blood sugar. 

It is beneficial for pregnant and lactating women. It reduces menopausal symptoms and bone deformities.  

2. Soy-paneer: Soy-paneer is a soft cheese-like product, prepared by curdling soya milk with a coagulant is very well-known 

for its extraordinary nutritional benefits and versatility. A solution of 1.5% acetic acid is used to coagulate soymilk. The sample 

is heated at a coagulation temperature of 80 °C. The coagulants are added slowly with gentle and continuous stirring. After 

completion of coagulation, the coagulants were left undisturbed at room temperature of 30 °C for 15 minutes. Whey is then 

removed by using a muslin cloth. Soy Paneer obtained is pressed for draining extra whey. Soy paneer is then soaked in cold 

water for 30 minutes. Then it is taken out and free water on the sub face is removed by using a muslin cloth (Shurtleff and 

Aoyagi, 1979). Soy paneer is vacuum packed to increase the shelf life of the product. Soy paneer should be refrigerated and 

stored in water until used. Under the frozen condition, it can be stored up to three months. One litre of soy milk can be 

converted into 200 g of soy-paneer. 

Physical and Nutritional properties of Soy-paneer: Soy-paneer contains high-quality protein which is comparable to 

that of meat and milk. It contains about 6 to 10% of protein. Soy paneer helps in lowering LDL cholesterol without 

lowering HDL cholesterol (good) which reduces the risk of heart disease. Soy paneer is also a good source of iron, 

copper and selenium (30%, 10% and 14% of 100 g diet of daily recommendation, respectively). Soy paneer is a resource 

of calcium which prevents diseases like bone loss, bone weakness, rheumatoid arthritis and osteoporosis. It doesn't 

add any extra calories to your diet hence is beneficial in weight loss. It not only helps in reducing asthma and arthritis 

symptoms but also beneficial to women during menopause. It is easy to digest due to removal of soybean fibre during 

its processing. It is also a resource for isoflavones (daidzein, remain bound to the soy protein during processing), which 

lower the rates of breast cancer and prostate cancer (Raja et al., 2014).  

Future Scope of Soy-Products 

The acceptance of soybean protein is increasing, due to increase in consciousness towards health among people. A lot of soy 

product such as soya nuggets, soya fortified wheat flour, soya-paneer and curd are getting attention from the vegetarian 

population of India. Due to presence of low-fat and high protein, its products are mostly recommended by doctors. Soy-paneer 

is gaining attention from people who are working out in the gym to gain muscles as the amount of fat is very less in soybean. 

Soy-paneer is used for salad and as starters in the form of roasted tofu. According to the expert's prediction, there is a 20% 

annual growth in the next few years for the soy food industry. Soy-paneer is now well accepted in the Indian market to replace 

dairy milk-paneer. Price of soy paneer is almost less than half and has nutrient properties more than that of the simple dairy 

milk paneer. Now-a-days the milk products are also coming with adulteration of harmful chemicals in it, that’s why products 

of soybean can become valuable asset in the scene. But due to lack of awareness among people about the benefits of soy 

products, the market of soybean is not that high. A proper advertisement is needed to aware people about the health benefits 

of soy products. 
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The fastest growing sector of the agricultural in India today is Poultry. Poultry production in the country is 851.81 million 

increased by 16.8% over previous Census 2012, total Backyard Poultry in the country is 317.07 Million in 2019, increased by 

45.8% over previous Census 2012 and total Commercial Poultry in the country is 534.74 Million in 2019, increased by 4.5% over 

previous Census, while agriculture crop has been rising at the rate of 1.5 to 2 % per annum. Poultry market of India consisting 

of eggs and broilers was worth 1,750 INR Billion in 2018. The market is further projected to reach INR 4,340 Billion by 2024, 

growing at a CAGR of 16.2% during 2019-2024.The market is additionally anticipated to arrive at INR 4,340 Billion by 2024, 

developing at a CAGR of 16.2% during 2019-2024. 

Poultry Farming 

Poultry farming is defined as raising different type of domestic birds, commercially for the purpose of meat, feather and egg, 

manure etc. poultry feeding is a highly perfected science that ensures an intake of well-balanced protein and energy for growth, 

fat production muscle, organ, skin, and feather growth. Growth of body weight depends strain of poultry and management of 

poultry farming. 

Benefit of Poultry Production 

It requires less investment compared to rearing other livestock animal. Poultry requires only around Rs. 10,000 on fixed capital 

and rearing of about 100 chickens. It is too started by small marginal farmer. At present time farmer did rearing poultry birds 

in back yard. While chicken will start laying eggs in 8 to 10 weeks, broilers can be sold after 6 weeks by which time they would 

have grown to more than 1.25 kg weight. Poultry droppings are rich in nitrogen and organic material and hence, are considered 

valuable as fertilizers. Poultry feathers are also used for fancy articles, making pillows and curios. It is offers good full time or 

part-time employment opportunity to farmers. Poultry products like meat and egg have high nutritional value. Broiler meat 

contains the least fat content among all edible meat. Poultry meat contains more protein and essential amino acids than other 

meats and is low in its cholesterol content c in comparison.  

India’s Poultry Sales Decline Following Corona Virus Rumors Linked to Chickens 

Corona virus is a respiratory infection which spreads through droplets transmitted in the air. There is no specific connection 

as to how the novel corona virus or any virus can stay on chicken, meat or seafood and make it unfit for consumption. Bovine 

corona virus (BCV) was first reported by Mebus et al. (1972, 1973), and is now widely recognized as an important cause of 

neonatal calf diarrhea. 

The outbreak of novel corona virus in China and the fears associated with it are seen impacting India’s poultry sector, which  

saw a decline in the off-take of chicken meat in the past couple of weeks. As a result, farm gate price of chicken has dropped, 

hurting farmers’ earnings. 

Millions of small poultry farmers have been hit by a sudden drop in sales. Soybean and corn producers are also being affected 

with prices of both the commodities used in animal feed. Union Ministry of Animal Husbandry of India has clarified that 

chicken may be considered safe as no report has so far confirmed its involvement in corona virus outbreak, which has claimed 

over 900 lives in China. 
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The Global Superbug Crisis 

Drug resistance has been called one of the biggest threats to global health, food security, and development by the World Health 

Organization. If antimicrobials stop working, doctors won’t have effective drugs to treat deadly infections. Currently the 

problem is thought to kill 700,000 people worldwide - one person a minute - though these figures have been disputed by some 

academics. The death toll is expected to rise to 10 million by 2050 if no action is taken, with 4.7m of those deaths in Asia. 

Common procedures like joint replacements, Caesarean sections, organ transplants and chemotherapy could also become too 

risky to carry out. 

The epicenter of the global drug resistance crisis has been called in India. A combination of factors described as a “perfect 

storm” have come together to hasten the spread of superbugs. Unregulated sale of the drugs for human or animal use - accessed 

without prescription or diagnosis - has led to unchecked consumption and misuse. India has a large population, some of whom 

defecate in the open, and waste is often poured untreated into rivers and lakes. This creates the perfect conditions for bugs to 

share resistance. 

World Health Organization described the evidence of considerable use of the antibiotic colistin as “critically important to 

human medicine”. The WHO has said it must be restricted in animals, birds and banned as growth promoters. 

Colistin Sold as Growth Promoter 

Major poultry production Indian company Venkys play a important role in supplying directly and indirectly meat to fast food 

chains in India such as KFC, McDonalds, Pizza Hutt and Dominos. 

In India, Venkys sells colistin to farmer as growth promoter claimed by report to improve the weight gain and 50 grams should 

be added to each ton of chicken feed. The Bureau bought 200g of Colis V – a Venky Colistin product – over the counter from a 

poultry feed store in Bangalore without a prescription. 

In Europe, colistin is only available to farmers if prescribed by a vet for the treatment of sick animals. Venky’s is not breaking 

the law by selling colistin in India and said it would comply with any future regulatory changes: “Our antibiotic products are 

for therapeutic use – although some of these in mild doses can be used at a preventative level, which in turn may act as growth 

promoters. 

Conclusion 

Several bacterial species are the major causes of infections in poultry and other animal husbandry. Most of these infections are 

linked to food borne outbreaks, live animal contact, poor hygiene, and environmental exposure. With the emergence of 

antimicrobial resistance, the pathogenicity and virulence of these organisms have increased and treatment options are 

diminishing and also more expensive. Multidrug resistant bacteria have been found in poultry, poultry products, carcasses, 

litter and fecal matter of birds and these pose a risk to both handlers, consumers and a threat to global and public health. The 

above information also calls for increased surveillance measures and monitoring of antibiotic usage in both animal husbandry 

and humans throughout the world. 
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Introduction 

Plants do not have the exact immune systems like that of animals, still they have developed multiple, unique structural, 

chemical, and protein-based defenses designed to detect invading organisms and stop them before they are able to cause 

extensive damage, in the same way pathogens have made many adaptations to enable them to invade plants, overcome plant 

defense mechanisms, and colonize plant tissues for growth survival, and reproduction. Whatever the kind of defense or 

resistance a host plant employs against a pathogen or against an agent, it is ultimately controlled, directly or indirectly by the 

genetic materials (genes) of the host plant and of the pathogen. Induce defense mechanism play an important role in preventing 

or suppression of a disease. This article provides an overview of induce defense mechanisms common among higher plants 

that contribute to plant defense and disease resistance. 

Pre-Existing Defense Mechanism 

The pre-existing, preformed, passive or pre-invasive plant defence mechanisms are the innate basal first line immune defence 

gadgets indigenously constitutive in the plant even before colonization by the pathogen. The external and internal structure 

barriers present before the attack of the pathogen are pre-existing defense. 

Induced or Active Defense Mechanism 

Even after the establishment of pathogen in plant cells, the host defence system tries to create barriers for further colonization 

of tissues. This may be at various levels. Plant responses to the presence of pathogens can be induced or active both of which 

involves biochemical, or cellular level defences and defences at tissue level and be specific and non-specific. 

Morphological and structural: After the establishment of infection in plant cells, the host defence system by formation 

of cork layer, tyloses or gum deposition tries to create barriers for further colonization of tissues. This may be at various 

levels. 

Formation of Cork Layer 

Infected areas of fleshy tissues, roots, fruits and bark are sealed by layers of cork cells with thick, suberised walls. Wound cork 

is produced by a secondary meristem, the cork cambium, formed from mature parenchyma tissue in response to the damage 

caused by infection. Corky layer formation is a part of natural healing system of plants. In some cases, such as in the response 

of potato tuber tissue to the powdery scab pathogen (Spongospora subterranea), cork barriers appear to seal the infected area and 

prevent further colonisation by the pathogen. 

Formation of Tyloses 

Tyloses are the outgrowth of the protoplast of adjacent living parenchymatous cells, which protrude into xylem vessels through 

half bordered pits. The size and number of tyloses physically block the vessel. The tyloses are inductively formed much ahead 

of infection, thus blocking the spread of pathogen. 

Formation of Abscission Layer 

It is a gap between host cell layers and devices for dropping–off older leaves and mature fruits. Plant may use this for defence 

mechanism also, i.e. to drop-off infected or invaded plant tissue or parts, along with pathogen. Shot holes in leaves of fruit 

trees are a common feature. 
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Gum Deposition 

The gums and vascular gels quickly accumulate and fill the intercellular spaces or within the cell surroundings the infection 

thread and haustoria, which may starve or die. 

Sheathing of Hyphae 

The fungal hyphae, which penetrate the cell wall, are often unsheathned by the extension of the cell wall. This delay contact 

between hyphae and protoplasm. Later on, the hyphae penetrate the sheath and invade the lumen of the cell. Table: 1 has been 

given for induce morphological defense. 

Table 1: Induced or Active Defense Mechanism 

1. Morphological and structural 

1. Formation of cork layer Rhizoctonia solani Potato 
Coccomyces prunophorae European plum 

2. Formation of tyloses Fusarium oxysporum f.sp. batatas Sweet potato 
Verticillium alboatrum Tomato 

3.  Formation of abscission layer Cladosporium carpophilum Sour cherry 

4. Gum deposition Stereum purpureum Plum 
Dreschslera oryzae Rice 

5. Sheathing of hyphae Phytophthora infestans Potato 

2. Induced biochemical defense: The induced biochemical changes in host plants are the last line of host defence. This may 

condition a plant or plant tissue from susceptible to resistant to immune status as per their genetic potential. 

Phytoalexins 

Phytoalexins are toxic antimicrobial substances produced inappreciable amounts in plants only after stimulation by various 

types of phytopathogenic microorganisms or by chemical and mechanical injury. It was proposed in 1940 by Muller and Borger 

in the study of the interaction between potato and Phytophthora infestans. Most known phytoalexins are toxic to and inhibit the 

growth of fungi pathogenic to plants, but some are also toxic to bacteria, nematodes, and other organisms. Pisatin was the first 

phytoalexin to be isolated and characterized from garden pea, Pisum sativum. 

Phytoalexins accumulate at infection sites and they inhibit the growth of fungi and bacteria in vitro therefore, it is logical to 

consider them as possible plant defence compounds against diseases caused by fungi and bacteria. Phytoalexins are 

considerably less toxic than chemical fungicides. Phytoalexin fungitoxicity is clearly evidenced by the inhibition of germtube 

elongation, radial mycelial growth and mycelia dry weight increase, as best illustrated by the action of resveratrol on B. cinerea, 

the causal agent for gray mold in grapevine. Phytoalexins may also exert some effects on the cytological, morphological and 

physiological characteristics of fungal cells. 

Pathogenesis-Related Protein 

Pathogenesis-related (PR) proteins are proteins produced in plants in the event of a pathogen attack. They are induced as part 

of systemic acquired resistance. Infections activate genes that produce PR proteins. Some of these proteins are antimicrobial, 

attacking molecules in the cell wall of a bacterium or fungus. There are more than 13 different pathogenesis related proteins 

are known to us. PR protein in the plants was first discovered and reported in tobacco plants infected by tobacco mosaic virus. 

Most PR proteins in the plant species are acid-soluble, low molecular weight, and protease-resistant proteins. 

Systemic Acquired Resistance 

Systemic acquired resistance (SAR) is a form of induced resistance that is activated throughout a plant after being exposed to 

elicitors from virulent, avirulent, or nonpathogenic microbes, or artificial chemical stimuli such as chitosan or salicylic acid 

(SA). 
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It has been suggested that SAR is most effective against biotrophic and hemibiotrophic pathogens and not against necrotrophic 

pathogens since it stimulates the SA pathway. Repeated inoculations can increase the level of resistance, but it can take several 

days for SAR to develop throughout the host plant. 

Table 2: Candidate Molecule for Signal Transfer in SAR 

Molecule Mode of action 

Salicylic acid Defense hormone required for both local and systemic acquired resistance 

H2O2 Act as a second messenger of SA in the SAR signal transduction pathway. 

Ethylene Ethylene induces several PR-proteins. Activates phenylalanine-
ammonia lyase and peroxidase,  

Systemin Induces protease inhibitor 

Jasmonate Induces protease inhibitor 

Inorganic compounds (Phosphate salts) 

Natural organic acid (Arachidenic acid, Linolenic acid, Oleic acid) 

Synthetic compound (Propeconazole) 

Defense Through Antifungal Protein 

Certain type of proteins is present in plants and seeds that specifically stop pathogen growth, they block their active sites or 

alter enzyme conformations by formation of complexes, thereby reducing their enzymatic function. They are defensins, 

amylase inhibitors, lectins, and proteinase inhibitors, chitinase, glucanase etc. Proteins need plant resources and energy in high 

amount to produce unlike simple chemicals such as terpenoids, phenolics, and alkaloids; therefore, many defensive proteins 

are only produced in significant quantities only when a pathogen or pest has invaded the plant. 

Table 3: Plant Defense Through Antifungal Protein 

Type Example Biological activity 

Hydrolases Chitinase, glucanase Digest fungal cell wall 

Lysozyme Lyses bacterial cell 

Enzyme inhibitor Polygalacturonase inhibiting proteins 
(PGIPs) 

Inhibit fungal pectinase 

Proteases inhibitor 

Amylase inhibitor 

Antifungal peptides Plant defensins Inhibit growth of fungi 

Ribosome inactivating protein (RIPs) Pokweed antiviral protein (PAP) Inhibit mechanical transmission of 
viruses 

Defense Through Inactivation of Pathogen Enzymes and Toxins 

The role played by chemical weapons (toxin and enzymes) of pathogens during pathogenesis is well established. The 

necrotrophs and hemihiotrophs employ more of these substances for causing those tissue damage as compared to speacialized 

obligate parasites. The defence strategy of resistant plants, through activity of phenols, tannins and protein as enzymes 

inhibitors, the phenolics are not anti-fungal but make pathogen ineffective by neutralizing their enzymes. In immature grape 

fruits catechol-tannin is known to inhibit enzymes produced by Botrytis cinerea. Toxins are known to be involved in 

pathogenesis to various extents (pathotoxins/ vivotoxins). The resistance to toxins, in host, will be resistance to pathogens. 

This can be achieved by detoxification or lack of receptor sites for these toxins. Pyricularia oryzae produces three toxins, a-

picolinic acid, piricularin, and piricularin-binding protein. Piricularin is toxic to both the rice plant and the fungus. Piricularin-

binding protein detoxicates piricularin against the fungus, and chlorogenic and ferulic acids detoxicate it against the rice plant. 

Conclusion 

Now-a-day when we are more focused on increasing food supply, it is become important to extensively study the causes of 

plant diseases and research on the best methods of control. The knowledge of how plants are invasioned by pathogen will 

suitably arm the pathologists with the best arsenals to combat against the invasion. Even though plants have its own defensive 
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mechanisms, they also need external tools by which they will fight better, and this is the essence of this study. A proper 

understanding of the plant cell signaling mechanisms, the different roles toxin or enzyme play in disease resistance or how this 

resistance can be increased is needful for adoption of a good management of plant diseases. Also more research is required to 

assess the viability of using induced resistance as it tends to be the new avenue in controlling plant diseases. 
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What is Soil Quality? 

Concise definitions for soil quality include “fitness for use” and “the capacity of a soil to function.” Combining these, soil 

quality is the ability of a soil to perform the functions necessary for its intended use. Soil functions include:  

1. Sustaining biological Diversity, activity, and productivity 

2. Regulating Water and solute flow  

3. Filtering, buffering, degrading organic and inorganic materials  

4. Storing and cycling Nutrients and carbon  

5. Providing physical Stability and support 

Researchers use soil quality markers to assess how well soil capacities since soil work regularly can't be legitimately estimated. 

Estimating soil quality is an activity in recognizing soil properties that are receptive to the board, influence or correspond with 

natural results, and are fit for being absolutely estimated inside certain specialized and financial requirements. Soil quality 

pointers might be subjective (for example drainage is quick) or quantitative (infiltration= 2.5 in/hr). 

Ideal Indicators Should 

1. Correlate well with biological system forms  

2. Integrate soil physical, synthetic, and natural properties and procedures  

3. Be available to numerous clients  

4. Be delicate to the board and atmosphere  

5. Be parts of existing databases  

6. Be interpretable   

 

Doran and Parkin, 1996 

There are three primary classifications of soil markers: substance, physical and organic. Common soil tests just gander at 

concoction markers. Soil quality endeavors to coordinate every one of the three sorts of pointers. The classes don't conveniently 

line up with the different soil capacities, so coordination is essential. The table beneath shows the connection between pointer 

type and soil work. 

Indicator category Related soil function 

Chemical Nutrient Cycling, Water Relations, Buffering 

Physical Physical Stability and Support, Water Relations, Habitat 

Biological Biodiversity, Nutrient Cycling, Filtering 

Natural issue, or all the more explicitly soil carbon, rises above every one of the three pointer classifications and has the most 

broadly perceived impact on soil quality. Natural issue is attached to all dirt capacities. It influences different markers, for 

example, total strength (physical), supplement maintenance and accessibility (synthetic), and supplement cycling (natural); 

and is itself a pointer of soil quality.  
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A few pointers are distinct and can be utilized in the field as a major aspect of a wellbeing card. Others must be estimated 

utilizing research facility investigations. A few instances of markers that fall into the three general classifications of synthetic, 

physical and organic, are given underneath. 

Indicator Categories 

1. Chemical indicators: It can give you data about the harmony between soil arrangement (soil water and supplements) and 

trade locales (dirt particles, natural issue); plant wellbeing; the healthful prerequisites of plant and soil creature networks; and 

levels of soil contaminants and their accessibility for take-up by creatures and plants. Indicators include measures of: 

a. Electrical Conductivity 

b. Soil Nitrate 

c. Soil Reaction (pH) 

2. Physical indicators: It give data about soil hydrologic attributes, for example, water passage and maintenance, that impacts 

accessibility to plants. A few markers are identified with supplement accessibility by their effect on establishing volume and 

air circulation status. Different estimates inform us regarding erosional status. Indicators include measures of: 

a. Aggregate Stability 

b. Available Water Capcity 

c. Bulk Density 

d. Infiltration 

e. Slaking 

f. Soil Crusts 

g. Soil Structure and Macropores 

3. Biological indicators: It can enlighten us regarding the living beings that structure the dirt nourishment web that are 

answerable for disintegration of natural issue and supplement cycling. Data about the quantities of creatures, the two people 

and species, that perform comparative employments or specialties, can show a dirt's capacity to capacity or bob back after 

unsettling influence (opposition and versatility). Indicators include measures of: 

a. Earthworms 

b. Particulate Organic Matter 

c. Potentially Mineralizable Nitrogen 

d. Respiration 

e. Soil Enzymes 

f. Total Organic Carbon 
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Introduction 

National Mission for Sustainable Agriculture (NMSA) focusing for 

enhancing the productivity of agriculture especially in rainfed areas 

through integrated farming, water use efficiency measures, soil health 

management and synergizing resource conservation. It is one of the eight 

missions under National Action Plan on Climate Change (NAPCC). It as 

a programmatic intervention caters to mission deliverables that focuses 

mainly on Conservation agriculture to make farm sector more productive, 

sustainable, remunerative and climate resilient by promoting location 

specific integrated/ composite farming systems. 

Schemes Under National Mission for Sustainable Agriculture 

1. Rainfed Area Development (RAD) 

2. Soil Health Management (SHM) 

3. Sub Mission on Agro Forestry (SMAF) 

4. Paramparagat Krishi Vikas Yojana (PKVY) 

5. Soil and Land Use Survey of India (SLUSI) 

6. National Rainfed Area Authority (NRAA) 

7. Mission Organic Value Chain Development in North Eastern Region (MOVCDNER) 

8. National Centre of Organic Farming (NCOF) 

9. Central Fertilizer Quality Control and Training Institute (CFQC&TI)   

Objective 

The following are the major objectives under NMSA 

1. To make more agricultural productivity 

2. To conserve natural resources  

3. To optimize water resources 

4. To adopt comprehensive soil health management practices 

5. To improve the capacity of farmers and stakeholders. 

Strategies 

1. Combined System of Farming which includes all the varieties of crops, livestock farming and fisheries, plantation and pasture 

based composite farming and risk mitigation measures. 

2. Adoption of technologies which helps in protecting resources during droughts or heavy floods. 

3. Promotion of water management techniques for effective and optimum utilisation of water resources. 

4. Promotion of better agronomic techniques for high productivity, soil conservation and optimum utilisation of water and 

chemicals. 

5. Database on soil through survey, profile of soil, soil analysis by using GIS technology for helping the farmers to adopt 

location and soil specific crop management practices and optimise fertiliser use. 
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6. Promotion of nutrient practices based on location and crop type for soil health, crop productivity, enhance the quality and 

protection of land and water resources. 

7. Collaborating with institutions and the domain experts of the respective field to develop climate change mitigation 

techniques for specific agro-climatic conditions. 

8. Co-ordination, converging and utilising investments from other schemes/missions like MGNREGS, Mission for integrated 

development of horticulture (MIDH), RKVY, National Food Security Mission, IWMP, National Mission for Agriculture 

Extension and Technology (NMAE&T) etc. 

Major Programmes of National Mission for Sustainable Agriculture 

1. Rainfed Area Development (RAD): It develops an area-based approach for development and conservation of natural 

resources along with farming systems. It is a combination of crops, fishery, livestock, horticulture, forestry and other agro-

based activities which will act as a source of generating income. Implement practices in rainfed area development programmes 

are regulates nutrient content of soil and development of farms. It is a cluster-based approach with an area of hundred hectares 

and more. It develops new common property resources such as bank for grains, fodder, shredders for biomass, combined 

marketing initiative. 

2. On-Farm Water Management (OFWM): It promotes advanced on farm water conservation measures to achieve optimum 

utilisation of water and also emphasize on efficient harvesting and management of rainwater. In this programme farms 

produce farm ponds to conserve water on the farm by utilising MGNREGA mission funds. 

3. Soil Health Management (SHM): It promotes soil health based on a specific location by management of residue, organic 

farming by making new maps with details on soil fertility and linking them with macro-management and micromanagement 

of nutrients, optimum land use, right utilisation of fertilisers and reducing degradation & erosion of soil. It uses thematic maps 

generated by Geographical Information System (GIS) technology and the databases created on soil and land with the help of 

scientific surveys. State Government, Soil and land Use Survey of India (SLUSI), National Centre of Organic Farming (NCOF), 

Central Fertilizer Quality Control and Training Institute (CFQC&TI) are involved in this programme. 

4. Climate Change and Sustainable Agriculture: Monitoring, Modeling and Networking (CCSAMMN):  It creates and 

disseminates knowledge and updated information on climate change. Also, support pilot blocks for spreading rainfed 

technologies and co-ordinate with other schemes or missions like MGNREGS, NFSM, RKVY, IWMP, Accelerated Irrigation 

Benefit Program (AIBP), and NMAET. 

Conclusion 

The National Mission for Sustainable Agriculture was launched by Department of Agriculture, its being run by the Cooperation 

and Farmers Welfare Ministry of Agriculture and Farmers by the Government of India. It is the important scheme of the 

national action plan on climate change and for the improvements of strategies for climate mitigation and adaption within the 

agriculture sector. As the agriculture will be the largest contributor to the GHG in India. 
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Introduction 

In recent years, crop protection based on biological control of crop pests particularly with microbial pathogens like viruses, 

bacteria, fungi and nematodes has been recognized as a valuable tool in pest management. Among them entomopathogenic 

fungi have a potential role to play in development of future integrated pest management strategies. They are effective, 

ecofriendly, biodegradable and do not leave any harmful residue on environment so it is used widely. Agostino Bassi in 1835, 

first time used the white muscardine, fungus on the silk worm that was the named in his honour as Beauveria bassiana. Pesticides 

have done a lot of good for the world food supply but their unilateral utilization has created many problems viz., development 

of resistant, resurgence, outbreak of pest and pesticide residues.  

In this context, use of entomopathogenic fungi has come into vogue, having target selectivity environmental compatability, 

economic variability, novel mode of action, safer to environment and beneficial organisms as well as rational approach at a 

long run. 

What are a Microbial Pesticides? 

Microbial pesticides are those pesticides, which contain microorganism like a fungus, virus, nematode or bacterium as the 

active ingredient. Microbial pesticides are another kind of biopesticide. They come from naturally occurring or genetically 

altered bacteria, fungi, viruses, protozoans, and they suppress pests by producing a toxin specific to pest, causing disease and 

preventing establishment of another microorganisms through competition.   

Why do We Need Entomopathogenic Fungi? 

1. The conventional use of chemical pesticides has not only enhanced the food production, but also adversely affected the 

environment and non-target organisms. 

2. Increasing cases of insects developing resistance, e.g., Helicoverpa has become resistant to most of the insecticides.  

3. Due to the side-effects of chemical pesticides, also to demand the sustainable crop production through eco-friendly pest 

management is essentially in recent scenario. 

4. So, alternative methods of insect management offer adequate levels of pest control and pose fewer hazards. 

Status of Microbial Pesticides 

Microbial pesticides occupy around 1.3% of the world’s total pesticide market. At present, the world market for microbial 

pesticides is in excess of US $ 125 million per annum which is still less than 1% of the total global market. 

Entomopathogenic Fungi 

1. The pathogenic fungi are another group of microbial pest management organism that grow in both aquatic as well as 

terrestrial habitats and when specifically associated with insects are known as entomopathogenic fungi.  
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2. Entomopathogenic fungi are often reported as causing high levels of epizootics in nature and are the most flexible biological 

control agents.  

3. Over 950 species are pathogenic to arthropods. 

Symptoms of Fungal Infection 

1. Loss of appetite, irritability and paralyses 

2. Discoloured patches on integuments and increased acidity in blood 

3. The body hardens and covered by dense white and green mycelial mat 

4. Mummified larvae comply to leaves, stem and fruiting body with upright position on its prolegs at the time of death 

5. Death occurs with 3-6 days depending on host insect and environmental condition. 

Mode of Infection 

Spore of fungus come in contact with the cuticle (skin) of insects, they germinate and penetrate in cuticle either by germ tube 

or by infection pegs from appresoria and grow directly through the cuticle to the inner body of their host. The fungus 

proliferates throughout insect’s body, producing toxin and draining the insect nutrients, eventually kiliing it. Death is caused 

by tissue destruction and occasionally by toxins produced. Once fungus has killed its host, it grows back out through the softer 

portion of cuticle, covering the insect with a fungal growth.  

1. When spores of the fungus come in contact with cuticle of insects, they germinate and penetrate the cuticle by germ tube 

form appresoria and grow directly throught the cuticle. 

2. Fungus proliferates throughout the insect’s body, producing toxins and draining the insect of nutrients, eventually killing it. 

3. Death caused by tissue damage and toxin produced by fungus. 

Infection process of B. bassiana  

Mode of Penetration in Insect Cuticle 
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General Characteristics of Entomopathogenic Fungi 

1. It occurs naturally in soils throughout the world  

2. It reproduces sexually and asexually 

3. It has usually difinite cell wall  

4. Growth rate moderately rapid 

5. Colony reaches a diameter of 3 cm 

6. Incubation time seven day 

7. Produces creamy white colour growth 

Effect on Field Crops 

1. Beauveria bassiana Vuillemin: The fungus B. bassiana found effective against green semilooper and tobacco caterpillar in 

soybean crop. (Ahirwar et al., 2013). Karkar et al. (2014) found that the most effective dose (3.5 g/l) of B. basiana against third 

instar larvae of Helicoverpa armigera Hubner in pigeonpea. 

Chandrayudu et al. (2015) evaluated the efficacy of botanical and microbial insecticides against S. litura infesting groundnut 

and reported that B. bassiana (1.5 x 1013 spore/ml) was significantly effective in reducing larval population. Combination of 

chloropyriphos @ 0.125% + B. bassiana @ 1 x 107 cfu/g caused 86.27 per cent mortality of rice hispa. (Puzari et al., 2015). 

Kankale et al. (2015) found that spraying of B. bassiana (1.0 x 104 spore/ml) with neem soap @ 0.5% recorded minimum 

population of H. armigera and pod damage on chickpea. 

Lower per cent of rosette flowers per plant was recorded in treatment of B. bassiana 1.15 WP @ 0.009% and was statistically at 

par with chlorantraniliprole 18.5 SC @ 0.006% and spinosad 45 SC @ 0.014% against pink bollworm in cotton. (Anonymous, 

2016a). 

Annamalai et al. (2016) reported that B. bassiana (1 x 1013 spore/ml) can be play an effective role in eco-friendly management 

of Thrips tabaci, higher mortality at 7 DAT was observed in cotton. Higher larval mortality (50 per cent) of fall army worm on 

maize crop was observed by spraying of B. bassiana 1.15 WP (1 x 108 cfu/g) 40 gm and neem oil (10000 ppm) 20 ml/10-liter 

water. (Anonymous, 2018) 

2. Lecanicillium lecanii Zimmerman viegas: Patil et al. (2012) found that the higher dose of Verticillium lecanii @ 7.50 kg/ha 

proved to be the effective against thrips, leaf hopper and aphid in cotton. Mer et al. (2016) observed that after one day 

insecticidal spray of V. lecanii @ 1.25 kg/ha + thiomethoxan 25 SG @ 0.05% was found most effective, showed 41.11 per cent 

mortality of groundnut jassid. 

Patel et al. (2019) studied the effect of different entomopathogenic fungi against mustard aphid and reported that L. lecanii @ 

60 g and B. bassiana @ 60 g/ 10 liters of water proved most effective against aphid. 

3. Metarhizium anisopliae Metchnikoff: Manisegaran et al., (2011) evaluated M. anisopliae @ 4 x 109 conidia/ha recorded 

significantly lower population of whitegrub in sugarcane. Rana and Kachhawa (2014) reported that M. anisopliae @ 1 kg 

enriched with FYM @ 1 t/ha found lower plant mortality due to termite in maize. 

Soil application of M. anisopliae @ 5 kg with 250 kg/ha FYM was found most effective against sugarcane whitegrub. 

(Anonymous, 2016b).  

Application of M. anisopliae @ 2 kg enriched with vermicompost @ 1 t/ha and M. anisopliae @ 2 kg enriched with castor cake @ 

1 t/ha were found lower plant mortality of groundnut at 80 days after germination with less population of whitegrub/ 1 m 

row length at harvest. (Anonymous, 2019) 

4. Nomuraea rileyi Samson: Three sprays of N. rileyi @ 1 x 108 conidia/ ml were significantly effective in suppressing the larval 

population of S. litura (1.2 larvae/plant) with 62.5 per cent mortality in soybean. (Anonymous, 2012)     

Sharmila and Manjula (2015) revealed that groundnut oil-based formulation of N. rileyi recorded significantly higher reduction 

in larval population of S. litura in groundnut. 

 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            717 | P a g e  
 

Compatibility with Insecticides 

Bagwan et al., (2012) showed that azardirachtin 1000 ppm, carbosulfan 25 EC and fenvalerate 10 EC did not significantly reduce 

the spore germination of M. anisopliae and B. bassiana. Barad et al., (2014) evaluated the compatibility of N. rileyi with insecticides 

and concluded that azadirachtin @ 0.0075% and spinosad @ 0.009% were found compatible. 

Lily (2016) evaluated the compatibility of B. bassiana and N. rileyi with different insecticides and observed that spinosad 45 SC 

@ 0.02% and imidacloprid 17.8 SL @ 0.04% were compatible. 

Reddy (2016) observed that fipronil 40 + imidacloprid 40 WG @ 0.04% and monocrotophos 36 SL @ 0.036% were not 

significantly reduce the spore germination of M. anisopliae, L. lecaanii and B. bassiana, respectively.  

Kachot et al., (2018) evaluated the compatibility of B. bassiana with insecticides and found diamethoate 30 EC @ 0.015%, 

dianotefuran 20 SG @ 0.005% and spinosad 45 SC @ 0.007% were not significantly reduce the spore germination of B. bassiana. 

Advantages 

1. The Major advantage of exploiting microorganisms for pest control is their environmental safety primarily due to the host 

specificity of these pathogen. 

2. Microorganisms have natural capability of causing disease at epizootic levels due to their persistence in soil and efficient 

transmission. 

3. There is minimum effects on non-target organism. 

4. The cost of development and registration of microbial insecticides is much less than chemical insecticides. 

5. Their application is relatively easy and inexpensive in most cases. 

6. Generally, resistance in insect to pathogens is not developed as compared to other insecticides. 

Conclusion 

1. The entomopathogenic fungi control many insect pests viz; sucking (aphids, jassids, thrips, etc.), foliage feeders (pod borer, 

leaf eating caterpillar, semi looper, etc.) and soil borne insects (whitegrub and termite).  

2. Entomopathogenic fungi are safe for non-target organism, good compatibility with adjuvant, insecticides (azardirachtin, 

spinosad, imidacloprid and dianotefuran) and considered as natural mortality agent in insect pest management programmes.  

3. Use of entomopathogenic fungi should be emerged as promising alternative to chemical pesticides. 

4. Commercial products of entomopathogenic fungi are available in market that can be utilized as one of the components of 

IPM. 
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The Loranthus species are a semi stem parasite belongs to family Loranthaceae (mistletoe family). The Loranthus species are 

native from Bhutan, Nepal, India, and Sri Lanka. It is commonly known Honey Suckle Mistletoe and vernacular name is banda 

in Uttarakhand, Banda Patha in Hindi, Vanda & Bandagul in Marathi. It is woody stem semi-parasitic plants that grow on the 

branches of woody trees and absorb nutrition’s from the host plant (fruit trees like mango, sapota, pear, avocado, Citrus spp., 

aonla etc., and several ornamental shade & flowering trees & shrubs. It is distributed in India, Sri Lanka, Nepal, Thailand, 

China, and Malaysia to Australia in the world. In India, it is found in Karnataka, Kerala, Maharashtra, Gujarat, Tamil Nadu, 

Odisha, Uttarakhand, and North–Eastern states. In tarai region of Uttarakhand, mainly two Lorantahus species have been 

observed on fruit plants i.e. mango, sapota, pear and anola, forest trees i.e. Populus species and woody ornamental trees like 

Cassia fistula, Bombax ceiba and Azadirachta indica etc., The descriptions of both species are giving below: 

1. Loranthus falcatus L.: This species is spread in deciduous forests at 600-2000m MSL in India, Sri Lanka, Myanmar, Thailand, 

Indo-China, China, and Malaysia. It is glabrus shrub without any true root system and semi stem- parasite of woody plant 

which grow on the top of canopy host of host plant. Leaves are simple, sub-opposite (10-15 cm long and 4-5 cm wide), ovale or 

oblong in shape and petiole 2-3 cm long or absent (India Biodiversity Portal, 2020). New emerging leaves look like red onion 

colour (reddish) after that they turn in olive green colour. Inflorescence is axillary & lateral, 3-5 cm long with many bright red 

flowers and fruit type berry. The seeds of Loranthus are disseminated by birds. Its flower is from November to January & 

fruiting starts from February to March. The Loranthus plants are germinate on stem and make a special structure haustoria (a 

knot like structure of adventitious roots) on stem which with conductive system of host plant and extract water and nutrient 

from them but they photosynthesis own green leaves. The maximum infestation of this species is observed on mango, spota, 

pear, poplar, Bombax ceiba & Ficus species in tarai region of Uttarkhand and adjoining areas of Uttarakhand. 

2. Loranthus scurrula L. (Syn. Scurrula Parasitica L.): It is also semi stem parasitic shrubs with erect branches. The new 

emerging leaves have sandy brown in colour & after few days they turn in green colour leaves, ovate or elliptic in shape, 5-9 

cm long and 3-5 cm width and arranged opposite & sub opposite direction. The stem has whitish dots on stem & branches.  

The sandy brown colour flowers have been observed from March to May & from September to November & fruiting time 

throughout the year. The seeds of Loranthus scurrula are disseminated by birds from one plant to another plant. The attachement 

of this parasite on host plant is similar to Loranthus falcatus. At tarai region of Uttarakhand & adjoining area, this semi stem 

parasite is found as a host plant on anola, pear, & poplar tree etc. The difference between Loranthus falcatus L & Loranthus 

scurrula L are describe in table 1. 

Table 1: Difference Between Loranthus Falcatus L. & Loranthus Scurrula L. 

Particulars Loranthus falcatus L. Loranthus scurrula L. 

Colour of new 
emerging leaves  

Reddish Sandy brown 
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Length and shape 
of leaves  

The leaves are larger than Loranthus scurrula L. The 
leaves are 10-15 cm lond and 4-5 cm wide 

The colours of new emerging leaves are 
sandy brown.  The leaves are smaller the 
Loranthus falcatus L, the leaves are 5-9 cm long 
and 3-5 cm wide. 

Flower colour  Scarlet orange Sandy brown 

Images 

  

Infestation Mode of Loranthus Species 

Loranthus species are semi-parasitic plants that grow on the woody branches at top of the plant canopy of host trees. Once 

established on host plants, after that it has been started the absorb nutrients and water from the host plant and block the 

sunlight by covering the canopy of the host plant. The parasite has dense cluster branching habit & smooth broad leaves with 

tubular red, bisexual, and unisexual flowers. The seeds are disseminated by birds from one plant to another. Seeds dropped 

on young branches of the host germinate and penetrate in the connective tissue. The parasitic stem creeps along the branches 

of host and attaches with haustoria (knot-like structures). These types’ structures were observed at the point of attachment as 

knotty outgrowths of adventitious roots on the stem of the host plants. It derives the whole of its nutrients from the sap of host 

plants i.e., mango, sapota, pear, citrus spp. etc. (Singh et al. 2017) resulting is poor growth, and reduced yield and quality of 

fruits due to low uptake and deficiency of nutrients. After 4-5 years of infestation the fruit orchards decline due to semi stem-

parasitic weed. In severe infestation of parasite plants on a host plant, they cover the branches & top canopy of trees and thus 

reduce photosynthesis by blocking the penetration of sunlight in canopy. In forest trees, Loranthus species directly reduce host 

plant growth and vigor, reducing wood quality and quantity. 

Image 1: Severe infestation of Loranthus falcatus on Populus, sapota and pear tree 

Control Measures 

1. Mechanical strategies:  

a. Pruning of infested branches:  

i. This is the best & easy method to prevent the spread of Loranthus plants.  
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ii. The affected branches cut before flowering & fruiting of Loranthus weed to prevent the spread of seeds from 

one plant to another by birds.  

iii. The infested stem should be cut 15-20 cm below at the point of attachment (houstoria). After then, the 

Bordeaux mixture should be applied on cut ends of stem to prevent the entry of pests and diseases. 

b. Mechanical removal by hand when there is less infestation before flowering of plant. 

Loranthus parasite on mango plant  Pruning of infested branches on mango           Appropriate point of pruning cut of 

infested branched on mango tree. 

2. Chemical strategies: 

a. Two foliar sprays of 1% ethaphon (First on emergence of leaves and second on new emerging leaves & twigs). 

b. Basal stem banding technique: This technique was reported by Mathew & Hobeeburrahman, 2012). In this method 

the bark of the parasite stem is scrapped to a length of about 0.5 cm at the point of attachment to the host. After that a 

strip of cotton cloth of about 10 cm length and 1 cm width has been soaked in 1 & 2 % 2,4-D or 60% diesel and was 

wound around the scar.  

c. Spray of high-speed diesel is also helpful to kill the foliage of this parasitic weed. 
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Introduction 

Malnutrition has become wide spread phenomenon due to unbalanced nutrient in the diet. The developing and 

underdeveloped countries are the major victims where the most of the population lie below the poverty line. It is creating 

hindrance in the socio-economic development of our country. Indian Council of Agricultural Research (ICAR) and State 

Agricultural Universities (SAU’s) under National Agricultural Research System (NARS) along with the government of India 

are taking initiatives to make “kuposhan mukt Bharat.” About 840 million people in the world do not have adequate food to 

meet their daily requirement.  Even, so many people do not afford to buy adequate amount of fruits, vegetables, pulses, fishes 

etc., as a result, their foods are deficient of vitamins, proteins, minerals and other micronutrients and malnutrition is the result 

of this. Lysine and Tryptophan are generally absent in cereals while pulses are mostly deficient in sulphur containing amino 

acid like methionine and cysteine. Unbalanced proportion of micronutrients in the diet causes various health problems and 

popularly phrased as “Hidden Hunger”. Their food does not contain essential micronutrients especially, iron, iodine, zinc and 

vitamin A. This leads to prone to many diseases like stunted growth, undergrowth, wasting, reduces mental abilities, and life 

span. Kwashiorkor (edematous malnutrition) and Marasmus caused by the deficiency of protein. Children are the most prone 

to malnutrition (<5years). Globally, around 2 billion people suffer from malnutrition. In India, 21.9 % of the population lives 

in extreme poverty, and approx. 15.2% of people are undernourished. As per national family health survey-4 (2015-2016), 38.4% 

of the Indian children below 5 years are stunted, 21% are wasted and 35.7% of the children are underweight. Another health 

issue which is seen mostly among the women, is the anemia, mostly found in the age group of (15-49 years) because of the 

deficiency of iron in the diet. The issues of malnutrition are mostly seen in under developing and underdeveloped countries 

and India is one of them. Here, we have discussed about the recently released and most popular bio fortified crops and 

challenges faced by the Indian farmers and consumers related to bio fortified crops. In order to combat the above-mentioned 

problems and its ramification and to make India secure in terms of balanced diet and self-sufficient, Bio fortification could be 

one of the best strategies. It is a cost-effective process.  

Bio fortification is the idea of breeding crops to increase their nutritional value. This can be done either through conventional 

selective breeding, or through genetic engineering. Plant breeding is undertaken with the objectives of improving protein 

content and quality, Oil content and quality, Vitamin content, Micronutrient and mineral content. 

Some of the Recent Innovations of Bio Fortified Crops are Mentioned Below 

1. Durum wheat variety MACS 402      

a. Protein (14.7%), iron (46.1ppm) and zinc (40.3ppm). 

b. Developed by scientists of Agharkar Research Institute (ARI) Pune, Maharashtra under ICAR-All India coordinated 

research project on wheat and barley.  

c. It was released in 2018 for Maharashtra and Karnataka region. 

d. Semi- dwarf variety, which matures in 102 days. Yielding ability of 19.3quintal/ha.  

e. Resistant to stem rust, leaf rust, foliar aphids, root aphids and brown wheat mite. 
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Included by the krishi Vigyan Kendra (KVK) program for United 

Nations childrens fund (UNICEF) to alleviate malnutrition in a 

sustainable way and can boost the vision 2022 “kuposhan mukt 

bharat”, the national nutrition strategy. 

2. Sahyadri Megha:    

a. Protein content is12.48%, higher than the other red rice varieties 

grown. 

b. The yield 65quintal/ha, subsequently higher than other red paddy 

varieties.  

c. It is a medium-term paddy. Harvesting time- 120days of sowing. 

d. It is resistant to blast disease and rich in nutrients. 

e. The university of Agricultural and Horticultural Sciences 

(UAHS), Shivamogga (Karnataka), has developed the 

variety. 

f. Cultivated in command areas of the Bhadra and the Tunga 

reservoirs in Karnataka. 

g. Developed under the hybridization breeding method by 

cross-breeding the jyothi variety with that of Akkalu, a 

disease-resistant and protein-rich paddy variety. 

h. The new variety will be notified under the Indian seed Act 1966 shortly after which it will become part of the seed 

chain. 

3. Madhuban Gajar: 

It is a bio fortified carrot that possesses high content of β carotene (277.75mg/kg) and high iron content (276.7mg/kg)  

a. Developed by Vallabhai vasrambhai Marvaniya, a farmer scientist from Junagadh district, Gujarat.  

b. He was awarded with Padmashri in the year 2019 for his marvelous work and conferred with a National Award by 

the president of India at Rashtrapati Bhavan, New Delhi during Festival of innovation (FOIN)-2017. 

c. It was tested by National innovation foundation (NIF)-India and has been found that the carrot variety possess 

higher root yield (74.2t/ha) and plant biomass (275gm/plant). 

Challenges 

1. Many farmers and consumers are not aware of the health benefits of the bio fortified crops. It is one of the main reasons of 

its slow adoption. 

2. The nutrient enrichment such as provitamin A and anthocyanin leads to the altered appearance of the produce (yellow vs 

white maize and white vs yellow/purple sweet potato) therefore, consumers hesitate to accept. 

3. Sometimes, it becomes very difficult to convince the farmers regarding the quality of the produce because most of the 

nutritional traits are phenotypically invisible. 

4. The expectation of low yielding potential of the fortified crops is also a reason for its slow popularization among the farmers. 
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Conclusion 

We require essential interventions for the adoption and popularization of the bio fortified crops varieties like: 

1. Strong extension activities such as field demonstration, conveying a message through TV talk, radio shows and live drama 

would help to aware the existence and its nutritional quality of these crops among the consumers. 

2. Providing seed subsidy would help in the fast dissemination of the nutritionally improved cultivar as good quality seeds 

should be the first priority for popularization of bio fortified crops. 

3.  These cereals should be included in mid-day meals in schools that would help in achieving the target to some extent. 
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Introduction 

The current agricultural scenario depicts day by day decline in productivity despite the maximization of chemical inputs. The 

indiscriminate use of synthetic inputs has led to the entry of harmful compounds into the food chain, death of natural enemies, 

and deterioration of surrounding ecology (Chitale et al., 2012). There is a severe need for enhancement and maintenance of 

system productivity, and resource quality for sustainable agriculture as ferocious use of pesticides cause serious health issues 

in man and his environment. Organic farming resolves many problems as this practice aids in maintaining soil productivity 

and efficient in controlling pest augmenting natural processes and cycles in harmony with the environment. It is very known 

in the agricultural community that organic farming plays a vital role for not only maintaining a soil-plant-ecological 

relationship but to alleviate the adverse effect of climate change. One of the significant encumbrances in accomplishing the real 

objectives of organic farming is the scarcity of proper technological advancement. Inhana Rational Farming (IRF) Technology 

(an organic farming practice in India) gave some promising result in today’s organic agricultural scenario. 

What is Organic Farming? 

In general, organic farming thought to be a production system that focuses on the use of organic manures and natural methods 

of plant protection as a substitute of synthetic inputs by giving an envision as the stoppage of pesticides/fertilizers which is 

not true (Bhattacharyya and Chakraborty, 2005). 

According to the USDA, “organic farming is a system which avoids or largely excludes the implementation of synthetic inputs 

(such as fertilizers, pesticides, hormones, feed additives, etc.) and to the utmost extent feasible rely upon crop residues, crop 

rotations, off-farm organic waste, animal manures, mineral grade rock additives and biological system of plant protection and 

nutrient mobilization”. 

Status of Organic Farming 

Worldwide, in 2017, organic agriculture occupies a total land of 69.8 M ha. The country with the highest organic agricultural 

land is Australia possessing 35.65 M ha, followed by Argentina (3.39 M ha) and China (3.02 M ha). India holds its unique 

position among 172 countries practicing organic agriculture and shares about 1% of the total organic cultivated farm area. As 

per 2017, it has the most significant number of organic producers and organic wild collection area, i.e., 835,000 and 1.8 M ha 

respectively. It secures 8th rank in terms of organic agricultural land accounting 1.78 M ha (Willer and Lernoud, 2019). In India, 

Madhya Pradesh is a leading state having 464859.434 hectare cultivated under organic agriculture during 2016-17 followed by 

Maharashtra (224007.521 ha), Rajasthan (151609.913 ha), Odisha (92190.1 ha), and Karnataka (81089.096) ha (State/UT-wise 

Farming Area (including in conversion) under Organic Certification from 2016-17 (From: Ministry of Agriculture and Farmers 

Welfare). Today in India, Sikkim is the first 100% organic state and it’s all farmlands is certified organic. 

Among different crops globally, cereals constitute largest area under organic cultivation (4.46 m ha) followed by fodder (2.8 m 

ha), oilseeds (1.19 m ha), fruits (1.2 m ha), pulses (0.95 m ha), coffee (0.89 m ha), olives (0.88 m ha), vegetables (0.67 m ha), nuts 

(0.6 m ha), and textile crop (0.5 m ha) (Willer and Lernoud , 2019). 
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Organic Farming in India 

1. The minimum use of chemical inputs led to substantial opportunities (18 million hectares) for organic farming in North-

Eastern Hills of India. 

2. Recently India has claimed the incorporation in “EU – Third – Country - List.” Since past few years, India has become 

extremely active in emphasizing the promotion of organic farming by making ample of policies and agencies (state and private) 

which include different department and ministries of both central and state government, for instance; Universities and 

Research centre, Eco farms, Non-government organizations (NGO), Certification bodies like INDOCERT, ECOCERT, SKAL 

and APOF etc. A private company, Ion Exchange (Mumbai); appointed for export and domestic marketing of organic products 

in India. 

3. In U.P and Uttarakhand, the Diversified Agriculture Support Project (DASP) promoted for organic farming. In the case of 

wheat and maize, the net income per hectare due to the implementation of organic farming was found to be 2-3 times higher 

in Himachal Pradesh. 

4. In Haryana; 25-30% price premium on organic produce and lower cost of production and marketing result in higher net 

productivity (2-3 times) in basmati rice, soybean, arhar, and wheat. In Gujarat; organic production of coconut, sapota, and 

banana had higher profitability. In Karnataka; cotton, groundnut, banana, and coconut were grown as organic.  

5. The main problems faced by organic farmers were found to be initial lower yields, no separate market for organic produce, 

no price incentives besides high costs of certification (Behera et al., 2012). 

Elements of Organic Farming 

Some important aspects of organic farming are listed below: 

1. Crop Rotation: Crop rotation is an essential component for practicing sustainable agriculture. It is beneficial in maintaining 

soil fertility as well as control of insect pests, weed, and diseases. For example, the use of legumes and green manure crops in 

rotation enhances soil fertility. 

2. Crop Residue: Crop residues and straw of cereals and pulses are useful in the recycling of nutrients through organic farming 

in India. Crop residues with beneficial fungal species increase physico-chemical properties of soil and yield of the crop.  

3. Organic manure: The organic manure obtained from plant, animal, and human residues, increases crop growth by 

improving the uptake of humic substances directly and enhancing soil productivity by enhancing the availability of macro and 

micronutrients indirectly. 

4. Biofertilizers: Biofertilizers are biological nitrogen-fixing microorganism which facilitates the establishment and growth of 

crop plants and trees, promotes biomass production and grain yields. They have the abilities to improve soil fertility by fixing 

atmospheric nitrogen, through mycorrhizal fungi and phosphate solubilizers; in an eco-friendly and sustainable way. 

5. Bio-pesticide: Biopesticides are originated from plants and comprise products like alkaloids, terpenoids, phenolics, and 

some secondary chemicals. They are biologically active against fungi, insects, nematodes affecting their behavior, and 

physiology. Commonly known insecticides are Pyrethrum, Neem, Nicotine, Rotenone, and Margosa, etc. 

6. Vermicompost: Vermicompost is organic manure or compost produced by the use of earthworms that usually live in soil, 

eat organic matter, and excrete it in a digested form. These are loaded with macro and micronutrients, growth hormones, 

vitamins, and immobilized microflora vital for plant growth. 

Advantages of Organic Farming 

1. Environmental benefits 

a. Organic farming maintains the balance of the environment by consuming less energy and reducing the risk of 

pollution. It is also beneficial in nature protection and biodiversity conservation as it avoids the use of synthetic 

chemicals and fertilizers. 
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b. It improves the fertility and overall health of the soil and helps in maintaining the C: N ratio in the soil and increases 

productivity. 

c. It prevents soil erosion and also enhancing the water holding capacity of the soil. 

2. Social benefits 

a. Organic farming improves employment opportunities in local communities as it requires more manual labor to repay 

the loss of synthetic fertilizers and pesticides. 

b. It play an essential role in the intensification of local communities and supporting rural development by managing 

labor, land, and resources in a way that amplifies production and remains sensitive to the ecosystem. 

c. It can contribute to food security and over the long term also improves access to food by reducing risks of disease, 

escalating biodiversity, and productivity. 

3. Economic Benefits 

a. The price of organic food 20-30% higher than conventional food, there is ample scope for a mediocre farmer to get a 

high premium as consumers are willing to pay a premium for organically grown foods. 

b. It reduces the dependency of farmers on money lenders as the chemical inputs which are too expensive, are not 

required in organic cultivation. While comparing the traditional chemical farming against organic farming techniques, 

capital investment is not so high.  

c. The traditional knowledge of farmers can be exposed to organic farming to get productive outcomes in terms of 

successful methodologies in organic agriculture. Further, in the case of organic agriculture, small farmers are not 

dependent on those who provide chemical know-how. 

Disadvantages of Organic Farming 

1. Lack of supportive policy: One of the significant constraints felt in the advancement of organic farming is the incapability 

of the government to take a firm verdict to promote organic agriculture. 

2. Lack of quality seeds sustaining organic agriculture: There is a large vacuum in the availability of quality organic seeds 

which forms a significant constraint for the farmers keen to adopt organic farming. Hybrid seeds are designed to respond to 

fertilizers and chemicals. Currently, Genetic and fertilizer sensitive seed and planting materials rule the market is abandoning 

indigenous varieties, which are more competent for organic farming. 

3. Low yield of crops and the dearth of awareness: With the application of organic sources of nutrients, the yield of the crop 

is meager (Kaur and Toor, 2015), especially during initial stages, even though it may stabilize later, yet complete reliance on 

pure organic farming will not be sustainable in the long run. And there is also a dearth of knowledge and awareness about 

modern methods or techniques of composting, vermicomposting, etc., among the farmers. 

4. Smallholding and poor farmers: Farmers are not directly associated with markets to buy or sell food (Chandra, 2014 and 

Kaur and Toor, 2015). As organic farming’s main attraction is export, small farmers are less able to contend when international 

trade brings down prices, even in local markets. 

5. High C: N ratio and low amount of nutrients of different organic residues: The meager amount of nutrients are present in 

organic sources like compost, poultry manure, farmyard manure, straw, etc. which are not sufficient to meet the nutrient 

requirements of crops thereby forming a significant gap, exists between the available potential and their utilization.  

6. Market and Infrastructural problems and lack of target (institutional) groups: One of the biggest challenges faces by 

organic agriculture is market development, especially domestic markets. There is a tremendous deficiency in infrastructural 

facilities for processing, packing, storage, etc. to meet the organic standards (Kaur and Toor, 2015) and to prevent contamination 
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of organically produced food. Conversely, ordinary people cannot afford to pay higher costs for organically produced food 

representing low domestic consumption. 

7. High input costs: Local or farm renewable organic resources like groundnut cakes, neem cakes, earthworms, cow dung, etc. 

are becoming costlier day by day than the conventional or industrially produced chemical fertilizers & pesticides. Chemical 

fertilizers are more comfortable to purchase, given the farmer has purchasing power. 

8. The intricacy and high price of the organic certification system: Intricacy concerning organic certification, high cost as well 

as time frame (3 years in most cases) forms one of the main constraints for small landholders.  

In short, Organic farming is an ecologically and economically sustainable organic crop production practice. But the exact thing 

is that there is a requirement of government support as well as suitable infrastructure towards the marketing of organic 

produce. On the contrary, only by using the name of organic, we cannot achieve high marketing of products. 

Conclusion 

There is a severe need for enhancement and maintenance of system productivity, and resource quality for sustainable 

agriculture as ferocious use of pesticides cause serious health issues in people and his environment. Organic farming can 

provide us nutritious and qualitative food as well as improves the soil health without affecting environment. It also reduces 

soil and water pollution. Therefore, this farming practice should be adopted by the farmers to improve soil fertility and health. 
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Considered as the events that include and relate to the act of mating (or) Comprising all events from pair formation through 

courtship to the final breakup of the mating pair. 

The Components are 

1. Location and recognition of a mate 

2. Courtship 

3. Copulation 

4. Post-copulatory behavior 

Mate Location and Recognition 

A prerequisite to internal fertilization and Insects coming together of male and female so that sperm can be transferred directly 

into a female’s reproductive tract. 

1. Both sexes must be active at the same time and the same locality.  

2. At least one sex must be capable of locating the other 

3. Recognition must occur 

4. Each must possess the correct genitalia  

5. Physiologically ready to carry out the process. 

In Aptreygotes indirect sperm transfer will occurs. In Collembola, males deposit packages of sperm onto the substrate, though 

at the time no females may be in the vicinity. Females apparently find the sperm packages by chance and take them up into the 

reproductive tract. In Thysanura also, droplets of sperm are placed on the substrate, though only when a   female is present. 

Pterygote insects- They locate their potential mate by Visual, Olfactory, Auditory and Tactile.                                                                                                                                                                                                                  

Visual cues are used mostly the best-known nocturnal insects that use a visual cue to locate (or attract) a mate is fireflies 

(Lampyridae), both sexes or only females of which may produce light by means of bioluminescent organs located on the 

posterior abdominal segments. In some species a female “glows” continuously to attract males that land in her general vicinity, 

then locate her exact position by olfaction.  In others, a male in flight flashes regularly and a female responds (begins to flash) 

when he comes within a certain range. The time interval between the partners’ flashes is critical and determines Whether a 

male is attracted to a responding female then final contact is made by means of touch. “Accidental” sex attraction occurs when 

individuals of both sexes produce aggregation sounds (as in cicadas) or pheromones (as in bark beetles). 

Courtship 

Communication between the sexes that brings about successful copulation (or) Close range intersexual behavior that induces 

sexual receptivity before and during mating. Males of some species, including the migratory locust (Locusta migratoria), will 

mount on available female when the opportunity arises, yet may not mate for some time, specifically, until the female is about 

to oviposit. This phenomenon, known as precopulatory mate guarding, ensures that the mounted male’s sperm will be used 

to fertilize the eggs. Male desert locusts (Schistocerca gregaria) take the process of precopulatory mate guarding a step further: 

under crowded conditions, they also secrete a courtship inhibiting. pheromone (phenylacetonitrile) to protect their mate from 

rivals Males of many species use liquid or pheromonal secretions as to pacify their partner. In many male Orthoptera, 

Dictyoptera, and Coleoptera glands on the thorax, head, antennae, palps, or elytra release a secretion that pacifies the female 

when ingested. Many male Lepidoptera produce pheromones that serve as arrestant’s, inhibiting the female’s movement and 

stimulating her to adopt the mating position. The male cockroach Byrsotria fumigata raises his wings to expose on the 
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metanotum a gland whose secretion is attractive to the female. At the same time, the male turns away from the female, who, 

in order to reach the secretion and feed on it, must mount the male. In this way the female comes to take up the appropriate 

position for copulation. Female bush crickets (Ephippiger ephipigger) prefer the songs of younger males, perhaps related to their 

superior insemination ability compared to that of older individuals. 

Copulation 

Receptivity (willingness of a female to copulate) depends not only on a male’s efforts to seduce her but also on the female’s 

physiological state.  Age and the presence of semen in the spermatheca are the two most important factors governing 

receptivity. In females the level of circulating JH governs receptivity. The switching off of receptivity has been related to the 

presence of semen in the spermatheca. inhibition is pheromonal, the seminal fluid containing a “receptivity-inhibiting” 

substance that either directly, or by causing the spermatheca to liberate a hormone into the hemolymph, acts on the brain to 

render the female unreceptive.  

1. Insemination: Insemination is the transfer from male to female of sperm and seminal fluid.  

2. Spermatophore Production: Structure is formed by secretions of the accessory glands and sometimes also the ejaculatory 

duct. The secretions from different gland components may mix or remain separate, so that the wall of the spermatophore is 

formed of a series of layers surrounding a central mass of sperm. In most katydids and some other Ensifera the spermatophore 

comprises a spermcontaining sac and a large sperm-free mass (spermatophylax) that is eaten by the female after copulation. 

3. Insemination without a Spermatophore: In Odonata, where a unique mode of sperm transfer is found, the male copulatory 

organ is a tubular structure formed on the third abdominal sternum. Prior to mating, a male transfers sperm to the copulatory 

organ by coiling the abdomen ventrally. During mating (which occurs in flight), the female, held around the head or prothorax 

by the male’s terminal claspers, brings the tip of her abdomen into contact with the copulatory organ.  

4. Hemocoelic Insemination: This most unusual form of insemination. Used by Cimicoidea (Hemiptera) and Strepsiptera. 

Injection of sperm into the body cavity of a female from which they migrate to specialized storage sites, Conceptacula seminales 

(not homologous with the spermathecae of other Insecta), adjacent to the oviducts. Hemocoelic insemination is a method of 

providing nutrients to the female, enabling her to survive for longer periods in the absence of suitable food. Many Cimicoidea 

are semiparasitic or parasitic. 

Modulators of Female Behavior and Physiology 

Chemicals secreted along the seminal fluid changes the post-copulatory behavior and physiology of the female. induction of 

refractoriness (unwillingness of the female to re mate).  reduction in female attractiveness, plugging of the female reproductive 

tract. acceleration of egg development. Stimulation of egg laying. 

Post Copulatory Behavior 

Continuation of the events that occur during copulation, for example, feeding by the female on special secretions (nuptial gifts) 

offered by the male.  As a result of these actions, the female remains passive, enabling sperm to be evacuated from the 

spermatophore. Post-copulatory mate guarding- purpose is to ensure complete transfer of sperm or to enable the female to 

oviposit undisturbed.  It includes both contact and non-contact forms of behavior. Contact forms: Male simply remains on the 

female, as in beetles, many pond skaters, some grasshoppers, and some flies. In non-contact guarding, seen in crickets, most 

odonates, and other flies, the male disengages from the female but remains close by ready to repel other males. The duration 

and intensity of post-copulatory mate guarding may vary even within a species. 
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As soil microorganisms play an important role in the retention and release of nutrients and energy any attempt to assess 

nutrient and energy flow in soil systems must take into account the role of soil microbial biomass. To ascertain the same through 

direct observation methods like colony counting method have certain disadvantages like: time consuming, data difficult to 

interpret as variation is large and often erratic, distinction between live and dead organisms is often difficult. Uncertainly that 

all organisms actually present have been counted. 

Principle 

A more easily applicable, non-subjective and replicable method is described here for total microbial biomass nitrogen 

determination in soil samples at a particular point of time. In the fumigation-extraction method, a direct measurement of N 

and other nutrients contained therein in microbial biomass is carried out. Overnight fumigation with chloroform is carried out 

to kill all the organisms in soil samples. The microbial biomass constituents released by CHCl3 fumigation treatment can be 

extracted directly through chemical extractants. The readily oxidizable C contained in the extractant can be measured through 

standard chemical procedures. 

The methods are based on some underlying assumptions as follows: 

1. Nitrogen in dead organisms is more rapidly mineralized than in the living organisms 

2. Fumigation leads to a complete kill. 

3. Death of organisms in the non-fumigated soil is negligible compared to that in fumigated SOIL. 

4. The only effect of soil fumigation is to kill the living biomass. 

5. The fraction of dead biomass N mineralized over a given time period does not differ in different soils. 

Materials 

Moisture box, glassware and Whatman No. 1 filter paper. 

Reagents 

1. Distilled chloroform 

2. Standard H2SO4 (0.02 N) 

3. Boric acid solution (2%) 

4. Mixed indicator (bromocresol green 99 mg +methyl red 66mg in 100ml ethanol 

5. Strong NaOH (40%) 40 g NaOH in 100 ml distilled water 

Instruments 

1. Vacuum desiccator/ Vacuum pump 

2. Nitrogen digestion and distillation unit 
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Procedure 

1. Put soil sample after collection in plastic bag to prevent drying due to evaporation. Do not dry the sample. Analyze soil 

samples the same day they are received in the laboratory. 

2. Weigh five sets of 10 g soil for each sample. keep one set in the moisture box after taking weight of the empty box. Keep the 

box in the oven at 100 0C for 24 h or until constant over dry weight is achieved. Weigh the dry soil along with the box after 

cooling it in desiccator and calculate the gravimetric moisture content of the soil. 

3. Out of the remaining four sets of the soil, keep two sets in 50 mL beakers for fumigation. Remaining two sets are packed and 

kept in refrigerator for extraction next day. 

4. Keep the required volume of ethanol free chloroform in 100mL beakers. Do not keep more than 40 mL in each beaker to 

avoid splash while boiling. 

5. Line the inner surface of the desiccator with moistened filter paper above it chloroform containing beaker above its vacuum 

sheet and then soil sample beaker place it. Do not use plastic desiccator. Use high-density silicon vacuum grease at the lid-joint 

to ensure proper sealing. Use a rubber tube to direct the exhaust through water. 

6. Put on the vacuum pump and keep it on until the chloroform boils for about five minutes. Close the outlet and put the 

desiccator in dark for 24 h 

7. After 24 h release the vacuum, take out the beakers containing chloroform and the inner paper lining. Perform back suction 

for five to six times to ensure removal of any excess chloroform vapors. 

8. Take the non- fumigated soil sample from fridge and thaw it. 

9. Transfer both the fumigated and non-fumigated soils in digestion tube. 

10. Pipette out 10 ml of boric acid solution into 100 ml beaker containing mixed indicator, place the beaker below the condenser 

so that the tip of the condenser dip in the solution. 

11. Pipette an aliquot (usually 10 ml) of digested acid extract into a distillation apparatus, funnel is washed with 2-3 ml of 

distilled water and add 10 ml of 40 % NaOH solution and carry out the distillation. 

12. When all the ammonia is evolved stop distillation and titrate the distillation with standard H2SO4 till the colour changes 

from green to red. 
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Introduction 

For most of history, human have been doing hunting and gathering. With domestication and dawn of agriculture, humans 

have started processing their harvest in order to consume or to increase their shelf life. With the passage of time, there have 

been a lot of changes in the methods and processes of processing the food. The most prominent method for processing of food 

till date was using heat because it was the most convenient way to kill microorganism, deactivate enzymes and to decrease the 

water content of the food in order to increase the life span of the product. The most common method of heat processing is 

known as drying, which increases the shelf life of the product by decreasing the water activity. As if now we have a lot of 

methods of food processing but the problem is that with most of the method, we have to sacrifice our nutrition and flavours to 

process the food or to increase the longevity of product. Over the last ten years, there is a continuous increase in the demand 

of the food with more natural flavour and colour with a decent preservation time with no or lesser amount of food additives 

(Huxley et al., 2004; Siddiqui et al., 2011). Garg et al. (1990) reported that with increase in more concern towards flavour,  

nutrition and perception of consumer that fresh fruit and vegetables are healthier than the processed ones, there has been 

increase in consumption of fresh fruit and vegetable per capita as compared to processed ones. The above-mentioned demands 

can be achieved by minimal processing methods (Gilbert, 2000). Minimal processing methods decreases reliance on heat for 

processing of food and causes minimal influence on quality attributes during storage (Allende et al., 2006; Marechal et al. 1999). 

In many countries, irradiation, fermentation, chilling, control and modified atmosphere are being used as traditional methods 

of minimal food processing. Some of the novel methods of minimal food processing are described in this article with their 

advantages and disadvantages are as follows: 

1. Pulsed electric fields: In PEF, the liquid food is subjected to a high electric field with a strength in the range of 12-35 kV cm-

1 in short pulses (1–100 μs).The mechanism by which microorganisms are destroyed is thought to be one of the following: by 

formation of pores in cell membrane due to strong electric field (Zimmermann et al., 1974), by formation of  highly reactive 

free radicals, by induced oxidation and reduction reactions which disrupts cell (Gilliland and Speck, 1967) or by production of 

heat. PEF is a rapid process and cause low or no changes to the food. PEF is suitable only for liquids and particles in liquid-

type food. There is no or little effect on enzymes and vegetative spores (Sitzmann, 1995). Electrolytic product can adversely 

affect food too and this process requires proper safety measures around the working area. It is usually used for pasteurization 

of fruit juices, soups and milk and for accelerating thawing.  

2. High Pressure Processing: In HPP, high pressure (upto 1000 MPa) is being applied to the submerged packaged food in liquid 

which serves to distribute instantly and uniformly throughout the food. High pressure leads to destruction of micro-organism.  

It kills vegetative bacteria and have no evidence of toxicity. The food is treated uniformly and colours, flavours and nutrients 

are well preserved. The food can be treated in the package and it has a positive consumer appeal. There is a little effect on food 

enzyme activity. There should be around 40% water for antimicrobial effect. It is an expensive method with limited packaging 

options and can be used in batches only. The method can be used for pasteurisation and sterilisation of fruit products, sauces, 

pickles, meats and vegetables and so on (Issoufou, 2019).   
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3. Irradiation: The irradiation works on the principle of ionising ability of radioactive materials to emit radiation. The radiations 

ionise the water molecule present in the food and forms free radicals of hydrogen and hydroxyl ion. These radicals are 

extremely short lived (10-5 s) but the time is enough to destroy bacteria (Hughes, 1982). This method can be used for sterilisation 

and is suitable for non-microbial application too, such as, inhibition of sprouting, etc. It consumes very less energy and can 

also be used on dry food. The penetration ability of irradiation gives an even treatment in the food. The nutritional qualities 

are not much affected by this method as compared with heat processed. The equipment needed for this method is sophisticated 

and have high capital cost. There are localised risk involved in irradiation. Sometime its bad use can also be taken such as 

unacceptable food is treated with irradiation can be sold to consumer. At higher doses, there are chances of radioactivity in the 

food which can adversely affect the consumer’s health (Webb and Lang, 1990). Irradiation is being used on the processing of 

fruit, vegetables, herbs, spices, meat, eggs, fish, etc. 

4. Processing using Pulsed Light: This method works on the antimicrobial effect of UV light, which are absorbed as energy by 

double bonded carbon of protein and nucleic acids, which disrupts the cellular metabolism (Smith, 1977). In this method, a 

broad spectrum of white light between 200-1000 nm is pulsed on the food material. The intensity of light is generally 20000 

times the intensity of sunlight. The spectrum of this wavelength doesn’t lie in the ionising zone, hence, does not cause ionisation 

of food. Penetration of pulsed light is less, hence it is only used as a surface property unlike irradiation. It is a very rapid process 

and causes little or no changes to food. It requires less energy. It is ineffective against bacterial spores and there are chances of 

adverse chemical effects. It is generally used in bakery products to avoid any mould growth. It can also be used with fresh 

fruits, vegetables, meat, seafood and cheese (Fellows, 2009).  

5. Processing using Ultrasound: Ultrasound waves are like sound waves which have a frequency above 16 kHz and cannot be 

detected by the human ear. This processing technique works on the principle that when an ultrasonic wave hits the surface of 

a food material, a force which is normal to the surface is generated, which results in a compression wave that moves through 

the food, unlike the above if the force is parallel to the surface it give rise to a shearing wave. These two ways attenuate through 

the food which produces a very rapid localised change in pressure and temperature that cause shear disruption, cavitation, cell 

membranes thinning, localised heating and free radical production, which have a lethal effect on micro-organisms. Due to 

shearing and compression, denaturation of enzymes take place, which reduces enzymatic activity, which is also effective 

against vegetative cells, spores and enzymes. It can be used as a batch process as well as continuous process. It is possible that 

is can cause unwanted changes to food structure and depth of penetration is also affected by composition of the food product. 

The process along with other processes give best result (Ohlsson & Bengtsson, 2002). 

6. Processing using Magnetic Field: The magnetic fields of high strengths (5-50 Tesla) and oscillating frequencies (between 5 

kHz and 500 kHz) are able to destroy the vegetative cells. The correct mechanism is not known till date. It doesn’t affect the 

colour, flavour and nutrients of the food. The process is energy efficient and low-cost equipment. Penetration in conductive 

material is of great concern (Ohlsson and Bengtsson, 2002). 

7. Modified and Controlled Atmosphere Packaging: The basic principle of MAP is the replacement of air inside the package 

with desired amount of fixed gases, which is not controlled after the desired concentration is achieved inside the package. 

Whereas in CAP, the concentration is constant monitored throughout the storage period. This method controls the respiration 

and other biological activities around the fresh food, which can increase the shelf life of the food up to 50-400%. As there are 

no preservative are needed, hence, a high-quality product with less economic losses can be achieved. This method not only 

requires sophisticated equipment and trained workers, but also adds up the cost of processing (Davies, 1995). 

Conclusion 

With increasing demand of healthy, convenient, environment friendly and fresh flavours the demand of minimal technology 

is going to increase in the near future. Also, in case of food industry, the competition and product assortment is increasing 

hence a food stuff which has high sensory qualities and high nutritional value can make a difference to stand out in tough 
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competition. Also, a lot of research is also needed in the field of minimal processing to reduce their cost and make them more 

economical to small scale industries. 
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“Great works are performed not by strength but by perseverance” 

- Samuel Johnson 

Human innovations and inventions have always been supported with degree certificates. Considering a farmer as the most 

practical, seasoned and enlightened unskilled scientist will never be wrong as he has been nursing his field, accessing the needs 

of crops and harvesting those to sow new seeds. Agriculture is both an art and science. Protracted engrossment of farmer in 

field ventilates the science of cultivation and tough perseverance clinches the art of farming. 

Worthy of admiration, a school dropout farmer-Shri Vallabhhai Maraniya, constantly attempeted to fortify local carrots 

biologically. This farmer scientist from Junagadh district, Gujarat has been conferred with National award by the President of 

India during Festival of Innovation (FOIN)-2017 and had also pocketed prestigious Padma Shri award for his extraordinary 

work. 

Madhuban Gajar, a bio-fortified carrot variety, is highly nutritional variety developed through the selective cultivation method 

with higher Beta-carotene content (277.75 mg/Kg, source of Vitamin A) and iron content (276.7 mg/Kg) on dry basis, which is 

significantly more than local carrot varieties. Bio-fortification defined as the process in which the nutritional quality of food 

crops i.e. vitamin and minerals, is improved through agronomic practices, conventional plant breeding or modern 

biotechnology. It can be done using non-genetically modified methods as well. Conventional crop breeding techniques are 

used to identify varieties with particularly high concentration of desired nutrients. These are cross-bred with varieties with 

other desirable traits from the target areas to develop bio-fortified varieties that have high levels of micronutrients. 

Examples – iron- bio-fortified –Beans, pearl millets 

         Zinc – bio-fortified - Maize, wheat, rice 

         Vitamin A – bio-fortified - Cassava, Sweet Potato, Maize. 

In 1943 Vallabhhai found a local variety which was exclusively used for fodder, later he developed this local variety for human 

consumption due to its higher price at market. Initially he selected the best plants for seed production and grew carrot in small 

area for domestic consumption as well as for marketing. The bio-fortifition of carrot has been developed through selection 

method following agronomic practices. The production and marketing of seeds has been under taken by him and some local 

farmers and the average sale is 100 quintals/ annum. The farmer scientist earlier had found that the local carrot variety used 

as fodder improved milk quality, so he started channelizing those for human use till it was high on demand at market. This 

variety of carrot has been economically benefitting over 150 local farmers with average yield of 4—5- t/ha. Apart from being a 

high yielder, the variety is also widely used for several value-added products like carrot pickles, juices, jam, jelly, chips etc. 

The varietal trial was conducted between 2016-2017 in Rajasthan Agricultural Research institute (RARI) Jaipur, by National 

Innovation Foundation- India, under Department of Science and Technology. It proved that “Madhuvan Gajar” variety of 

carrot possesses a significant higher root yield (74.2 t/ha) and also the plant biomass which is 275g/plant. It was also 

appreciated in terms of quality parameters. The on-farm kharif season trails of the variety were conducted over 25 hectares of 

land by National Innovation Foundation in several states like Rajasthan, Gujarat, Assam, Haryana, Punjab and West Bengal 

involving over 100 farmers and the performance of Madhuvan Variety was duly appreciated. 
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This bio-fortified variety of carrot enriched with Vitamin A and iron aids in enhancing the overall health of human. It is also 

resilient to pest and diseases and provides with higher yield. It is best low cost and low dose alternative to iron-supplements. 

It has been supporting economically and socially the poorest section of society. In case of bio-fortification the micronutrient 

concentration of seed remains undisturbed. This would help India’s National Nutrition Mission (Poshan Abhiyan) launched 

in March 2018. It is a traditional variety with low cost seeds. This variety has been all way helped the Vallabhhai’s family 

gaining fame and wealth. He himself has also helped the local farmers to rise with the dawn. 

The farmer scientist truly plays a pivotal role in exuberantly notching the root of agriculture. For them agriculture is not just 

job quenching financial thirst rather a passion with an essence. 
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Introduction 

In the era of changing climate, there is an at-most effect for crop cultivation globally. Climate change has become the primary 

cause for various type of abiotic stresses that occurs. Drought or water stress is one among the abiotic stress that causes severe 

damages to crop production that in turn results in decreased productivity. Among 181 countries that are under water stress, 

India ranks 41st. It is to be noted that more than 60% of the cultivated area falls under dryland condition and added nearly 

about 30% of agricultural land area are under insufficient rainfall. Increase in global populace had also led to water scarcity. 

The increase in demand for food and short fall of water resources pose a severe threat to food security. So, under such situation 

there must be proper management practices for moisture conservation and increased soil water holding capacity (Rudzinski et 

al., 2002). To overcome this crisis, researchers have come up with new product named “hydrogel” that aids in water 

conservation. 

Hydrogel 

Hydrophillic gels known as hydrogels are the cross-linked polymers that have the ability to absorb water in large quantities in 

them without being itself dissolved in water. Hydrogel are super absorbent gel that also reduces the water runoff and increases 

the infiltration rates in the soil (Montesano et al., 2015). Hydrogel absorbs water as and when the water is present and releases 

back to the plant when there is a lack of sufficient water in the soil for plant growth. There are three main group of hydrogels 

being used viz., polyacrylates, strach-graft co-polymers and acrylamide-acrylate co-polymers. Apart from water absorption, 

hydrogels are also used as fertilizer and pesticide carriers and to increases soil physical properties. 

Characteristics of Hydrogel 

Softness and their absorption capacity of hydrogel makes it a unique material. Following are the ideal features of hydrogel: 

1. They are non-toxic, odourless and colourless 

2. Have greater capacity of water absorption 

3. They are preferably used in arid and semi-arid condition since they perform well even at the high temperature 

4. Photo-stable and are cost effective 

5. Longer stability and durability in swelling environment 

6. Possess neutral pH after swelling 

7. Re-wetting ability 

8. Biodegradable with any toxic formation. 

Mechanism of Water Absorption in Hydrogel 

Water absorption is based on the hydrophyllic group such as carboxylic acid, acrylic acid, acrylamide etc., that are present in 

the polymer chain of the hydrogel. The polymer’s main chain is attached with the acid group. When the polymer are put into 

the water, through osmosis process, water enters into the system of hydrogel where the hydrogen atom reacts and comes out 

as positive charge. This in turn leaves the negative ions along the polymer length. By this time hydrogel is observed with 

negative charges along the polymer length. These negative charges in hydrogel repels each other making the polymer chain to 

unwind and open up. This attracts the water molecules to bind them through hydrogen bonding. From this mechanism 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            739 | P a g e  
 

hydrogel absorbs the water from the soil. When their surrounding dry up then there is a 95% dispense of stored water by the 

hydrogel. Later, when they are exposed to the water, they rehydrate and again the absorption mechanism continues lasting for 

2 to 5 years. 

Figure 1: Mechanism of water absorption in hydrogel polymer 

(Kalhapure et al., 2016) 

Methods of Hydrogel Applications 

It has been estimated that one kg of hydrogel has the capacity to hold water as far as 500-600 folds of their weight. It can be 

applied either in granule (dry) or liquid (wet) formulation.  

1. Dry method of application: In this method hydrogel (5kg/ha) is mixed with fine and dry sand (0.25 mm size) in 1:10 ratio. 

Hydrogel, for its proper functioning are kept in a dry place. They are applied in line near the seed sown area for its economical 

use. 

2. Wet method of application: The hydrogel granules are mixed in water (preferably hot water) and are kept aside for 60-90 

minutes. Later when the polymer is soaked up, one part of the hydrogel polymer is applied to four parts of the soil. 

Pusa Hydrogel 

Some of the most commonly used hydrogels (superabsorbent polymers) are luguasorb, soil moist, agrosoak, stockosorb, 

waterlock and jalshakti. One among them is Pusa Hydrogel formulated by Indian Agriculture Research Institute, New Delhi. 

Pusa Hydrogel are cross linked, semi synthetic, derivatized containing cellulose graft anionic polyacrylate. Comparing to other 

hydrogel this requires only lesser quantity (i.e., 1-2 kg/acre) for their application and exhibits absorbency even at higher 

temperature (40°C to 50°C). Based on farmers field trial with Pusa Hydrogel it is estimated that there is a 30-50% reduction in 

irrigation frequency. Added there is also 22-30% decrease in fertilizer dosage, improvement in soil hydrophysical environment 

and increase in benefit cost ratio. 

Conclusion 

Hydrogel are boon in the areas of dry farming. This novel hydrogel technology helped in conservation of water and its 

resources. It provides an environment that is conducive for an increased root growth in a well-drained soil that ultimately 

results in better yield. It also aids in quality improvement of agriculture produce in terms of increased plant biomass, flower 

Coiled Hydrogel: 

Before Water Contacts 

Negative Charges in the 

hydrogel polymer: after 

water contacts 

Water molecules get attached to 
Negative charges repels 
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and fruit size and colour with increased biological and hydrophysical environment in the soil. Hence the hydrogel technology 

is now a practically convenient option in the water stressed areas for increased productivity with sustainable environment. 
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History of every civilization is worth described with its agricultural skills. Indian subcontinent has flourished with its rich 

cultural and agronomical heritage. India is identified as an agrarian economy. Here farmers work in acres not in hours. 

Indispensible duty of every farmer is to feed the second largest citizenry of world. Near about 65% of agricultural activities are 

carried out in our country exporting million tonnes of farm produce. Sowing of seeds, following cultural practices and 

harvesting in slotted time has an immense stake for high and most productive agriculture. The farmers have always fought 

behind the curtains either for us or for themselves. 

The consequences of fighting a dreadful pandemic named Covid-19, the nation is going through strict lockdown which is 

overlapping the harvesting of Rabi crop. The lockdown announced initially never gave a thought concerning farmers. Ceasing 

the farmers to attend their fields, harvest crops and selling them, putting Rabi-procurement at jeopardy. Threatening their 

livelihoods and drudging an artificial shortage. Could-not escape, the vegetable farmers are suffering severely. May be 

dependency of Government on Buffer stocks sidelined these calamities. Moreover, now shortage of labor has hiked up the 

labor cost due to stigmatization of the diseased and rigidity by Police, cracking the market price owing to insufficient demand 

at market. 

To combat this disaster and support the farmers during lockdown period, the Department of Agricultural Cooperation and 

farmer welfare, Government of India is taking several measures to normalize the harvesting of Rabi crops and sowing of Zaid 

crops. Setting an important milestone in agri-produce transportation, the Union Minister of Agriculture and Farmer’s welfare, 

Shri Narendra Singh Tomar, launched a farmer ally android application named- “Kisan Rath”. The mobile App has been 

developed by National Informatics Centre (NIC). It will succour searching transport vehicles by farmers and middleman for 

Primary and Secondary of agricultural and horticultural produce. Farmers would transport their farm produce to Mandis, FPO 

collection centre and warehouse etc. through Primary transportation. Secondary transportation includes transport of produce 

from Mandis to destined platform i.e. inter-state and intra-state Mandis, processing units, warehouse etc. This app facilitates 

traders in transportation of perishable commodities by Refrigerator vehicles. All other right mode of transportation for 

movement of different farm produce like cereal pulses, fruits, vegetables, oilseeds, log, flowers and bamboo etc. This app is 

expected to connect farmers and traders to a network of more than 5 lakh trucks and 20,000 tractors. Transportation of agri-

produce is most called for portion of supply chain to meet the need of demand. The farmer, FPOS, buyer/traders can smoothly 

put an order for transportation on this app which is disseminated to transport aggregators in the market, who in turn porthole 

with various truckers and fleet owners for obtaining a competitive quote against the requirement and passes back the analyzed 

requisition and trucker details to the consignor. 

Then the dealer/farmer directly negotiates offline with the truckers and finalized the deal. Once the trip is completed, the user 

can provide feedback for the trucker. Tagline “Kisan ka Apna Vahan”- rightly justified as stepping stone towards provision of 

timely transportation services at competitive price for farmers and traders, besides achieving a reduction in food wastage and 

ensuring better prices of the produce to farmers. The app is having option for 08 languages initially in Hindi and English and 

is ready for pan-India use. In a life after the pandemic, this app will enhance the networking of farmers directly to the sellers 

and reduce the dependency of farmers in reaching the traders increasing their profits and curbing agricultural wastage. 

Not just this time rather the entire consequence will be swiped out soon. Then again feeding task of farmers will pop up with 

all their diligence. Concern about food stocks, its export, and import will again be a matter of discussion. This app born to 

adversity would play a vital role in simplifying the transportation of agri-produce. A huge relaxation, truly, necessity is mother 

of invention. 
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Introduction 

The corona virus pandemic has triggered a public health crisis followed by an ongoing monetary crisis due to the measures 

taken by countries to contain the rate of infection, such as home confinement, travel bans and business closures among others. 

The measures taken to contain the corona virus outbreaks have created an environment in which food could become more 

difficult to obtain. Although corona virus not affect fish and the fish sector is still subject to indirect impacts of the pandemic 

through changing consumer demands, market access or logistical problems related to transportation and boarder restrictions. 

This will be in turn have a damaging effect on fishers and fish farmers livelihood as well as on food security and nutrition for 

populations that rely heavily on fish for animal protein.  

The major activities in fisheries or aquaculture supply chain are fishing, processing, transport, wholesale and retail marketing. 

If one of these producer, buyer, and seller links is broken by the disease, the outcome will be dropping of disturbances that will 

affect the sectors economy. 

How to Overcome the Coronavirus Pandemic? 

There are no reports to indicate that the novel corona virus affect fish or any aquatic animals nor the pathogen is transmitted 

through fish. However, it is advisable to take ample safety measures to avoid transmission and spread of corona virus among 

the farm workers during operations. The virus can survive for 8-12 hours on any hard surface including on any agricultural 

implements, 24 hours in water medium and more than 24 hours in iced or cold conditions. 

Guidelines for Fish Farmers 

Entry of visitors or outsiders to be restricted and manage the farm with minimum workers. Only those who are free from 

symptoms of cold, flue, fever should work in fish farm. Use face masks and dispose of the used masks after due sanitation. 

Maintain social distancing of minimum 1-meter distance from each other.  

1. Avoid hiring nets and gears for fishing from out side 

2. Feed the fishes with locally available supplementary feeds 

3. Wash, disinfect and sundry the farm implements 

4. Don’t hire unknown labour 

5. Consumption of fish and fishery products is safe. 

Guidelines for Hatchery Owners 

1. Maintenance of proper hygiene is basic for hatchery operations. 

2. Entry of visitors or outsiders to be restricted. 

3. Maintain social distancing during hatchery operations. 

Sanitization of Farm Implements 

Sanitize all the farm implements including boat, feed tray and nets to be used in fishing. The farm buildings, store, work spaces 

should also be sanitized daily. Sanitize the area around bundhs and farm area regularly. House hold bleach scientifically called 

as sodium hypochlorite (NaOCl) can be effective to sanitize the farm implements. Different concentrations of this solution are 

commercially available in the market which can be further diluted suitably to 0.25% concentration for spraying. 
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Introduction 

Over the history of human settlements on the planet earth, process of cultivation has changed in tune with the rising populace 

and its challenging needs. A major problem that India faces today meeting food requirement of the country`s rapidly increasing 

population and sustaining our non-renewable natural resources. In an endeavour to increase agricultural production, there 

have been over exploitation of natural resources, contamination of water and atmosphere and erosion of genetic diversity, 

resulting in the intense pressure on available natural resources. In the past decade’s conservation of water and environment, 

security of food, water and livelihood have emerged as major issues worldwide. It has been accepted globally that sustainable 

development is the best approach to advance the use of assets and natural environment without hampering fiscal development. 

Recognition of main concern of predominant food production for attaining nutritional security for forthcoming genesis has 

delivered the idea of “Sustainable Agriculture” to the forefront. In the past few years different notions have been used to 

encourage the adoption of sustainable methods. Sustainable agriculture plans to adjust the economic and social forms of 

farming, forming a resilient farming system. 

Sustainable Agriculture 

Sustainable agriculture can be defined as a combined way to boost farm production and regulating assets in order to address 

all three aspects of sustainability: economic, environmental and social. The definite objective or aim of sustainable agriculture 

is to create farming systems which are beneficial and gainful, preserve the natural resources base, conserve the nature, and 

improve health and security, and to do so for the longer period. 

Farming System 

Farming system is an inter-related set of works that farmers perform in their fields under their assets and factors to increase 

the yield and net farm earnings on a sustainable basis. It is examined as a strong tool for conservation of environment and 

management of human assets in developing countries like India. It is a complex multi-disciplinary overall farm concept and 

impressive in solving various problems of marginal and small farmers. 

Integrated Farming System (IFS) 

Integrated farming system also called as integrated agriculture, is a system with concurrent activities associating crops and 

livestock. The main aim of this system is to reduce external inputs by upholding one another farming components. It relies on 

the idea “there is no waste and waste is only a misplaced resource”. Integrated farming utilizes all the waste so that very little 

waste is thrown away. It also reduces the dependency on the fossil fuels due to less external inputs demand. In integrated 

farming system, agriculture combined with livestock, poultry and fishery, are managed at same place to develop employment 

throughout the year and also to get extra income. 

The main features of integrated farming in sustainable agriculture are: 

1. Maintenance of vegetative cover 

2. Enhancement of nutrient recycling mechanism  

3. Pest control using enhanced bio-diversity control 

 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            744 | P a g e  
 

Elements of Integrated Farming System 

Various elements of integrated farming system are: 

1. Watershed 

2. Farm ponds 

3. Bio-pesticides 

4. Bio-fertilizers 

5. Biogas 

6. Solar energy 

7. Compost making 

8. Green manuring 

9. Rainwater harvesting 

Components of Integrated Farming System 

The main components of any integrated farming system are: 

1. Crops: such as cereals, legumes (pulses), oilseeds and forage 

2. Livestock: such as milch cow, goat, sheep, poultry and bees 

3. Trees: such as timber, fuel, fodder and fruit trees    

4. Birds. 

Integrated Farming System Models 

The integrated farming system models can be of different types as follows: 

1. Agricultural plus livestock 

2. Agricultural plus livestock plus poultry 

3. Horticultural plus fish culture plus poultry 

4. Pig cum fish culture 

5. Agricultural plus silvipasture 

6. Sericulture plus fish culture 

7. Fish culture plus sericulture 

8. Agricultural plus duckery plus poultry 

9. Poultry plus fish culture 

10. Agricultural plus fish culture plus mushroom cultivation 

Benefits of Integrated Farming System 

The various advantages of integrated farming system are: 

1. Enhanced productivity to fulfil the food demand of rapidly growing population 

2. Improved profitability through proper recycling of waste materials such as crop residues 

3. Greater sustainability of soil achieved through organic waste recycling 

4. Increased environmental safety through effective waste recycling obtained from piggery, pigeon rearing and poultry 

5. Reduction in soil degradation using agro-forestry and proper cultivation practices 

6. Energy saving through the inclusion of biogas and agro-forestry  

7. Increased employment for the farming community throughout the year 

8. Promotion of agro-industry 

9. Fodder security for livestock 

10. Protecting and promoting biodiversity 

 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            745 | P a g e  
 

Constraints of Integrated Farming System 

There is no perfect system, so there are some obstacles that should not be overlooked. The major constraints of integrated 

farming are: 

1. Lack of co-ordinated extension service 

2. Lack of timely available inputs 

3. Inadequate credit facilities at easy and feasible interest rate 

4. Lack of demonstration on IFS among farming community especially rural youth 

5. Long transition time may be required for implementation of multi-enterprise agricultural model 

6. Lack of skilled labours and knowledge on effective recycling of farm wastes 

7. High initial costs may restrain farmers from switching to multi-enterprise system and enjoy the advantages of resources 

integration 

8. Lack of skilled labour and non-availability of marketing facilities especially for perishable commodity 

Conclusion 

Integrated farming is a step closer to sustainable agriculture. It views into cultivating in a more holistic way which means 

preserving the environment while increasing production. The combination of fish with livestock and agriculture needs to be 

perceived because this work can go long way in the upliftment of rural life over diversified inflation in return on investment. 

Integrated farming seems to be the explanation to the problems of raising food yield, for increasing wages and for enhancing 

food quality of the small-scale farmers with limited assets without any antagonistic impact on the nature and agroecosystem. 

About ninety-five percent of nutritional demand of the framework is self-continued through assets reusing. As the number of 

enterprises are expanded, the profit margin additionally increments. It could moreover create work chances to the farm 

cultivating networks throughout the year and give better financial and nutritional security. So, the combined farming is an 

environment friendly food production utilising natural assets and mechanisms to lessen the negative impacts of farming on 

the nature and human health at the same time delivering quality and healthy food. 

References 

1. Bender, S. F., Wagg, C., & van der Heijden, M. G. (2016). An underground revolution: biodiversity and soil ecological 

engineering for agricultural sustainability. Trends in ecology & evolution, 31(6), 440-452. 

2. Nivesh, S., Saran, B. & Sawant, P. N. (2019). Suspended Sediment Modelling Using Soft Computing: Modelling and Simulation 

Using MATLAB. LAP LAMBERT Academic Publishing. 

3. Nivesh, S., Kashyap, P. S., & Saran, B. (2019). Irrigation water requirement modelling using CROPWAT model: Balangir 

district, Odisha. The pharma innovation journal, 8(12), 185-188. 

4. Pandey, P. R., Sharma, H. O., Gupta, J. K., Mishra, P., & Chaurasiya, R. K. (2018). Integrated farming system: only way 

to increase farmer’s income in a sustainable manner. J. Pharm. Phyto, 2, 210-214. 

5. Saran, B., Kashyap, P., & Kumar, P. (2017). Evaporation estimation by multilayer perceptron based artificial neural 

network and multiple linear regression techniques. Indian Journal of Ecology, 44(1), 108-112. 

6. Saran, B. & Nivesh, S. (2018). Evaporation Modelling: An Approach: Methods and Techniques. LAP LAMBERT Academic 

Publishing. 

7. Whitehead, J., MacLeod, C. J., & Campbell, H. (2020). Improving the adoption of agricultural sustainability tools: A 

comparative analysis. Ecological Indicators, 111, 106034. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            746 | P a g e  
 

Mass Spectrometry (MS) 

Article id: 23863 

Saraswati Mahato: Ph.D. Scholar, Department of Agricultural Entomology, University of Agricultural Sciences, Raichur- 

584104, Karnataka. 

 

Introduction 

1. The term mass spectrometry was coined by Francis William Aston in 1919 and     he received Nobel Prize for this in the year 

1921. 

2. Mass spectrometry is an analytical technique used in laboratories when the sample has to be isolated on the basis of its mass 

to charge ratio (m/z or m/e =1, so m=e or m=z). 

3. It is used as a detector and is the most accurate and precise technique of analysis for a mixture of compounds. 

4. This method is basically used to determine the molecular weight of any unknown compound or suppose the unknown 

compound is in fragment form, then to know each fragment molecular weight. 

5. Also used for analysis of isotopes molecular weight. 

6. Structure elucidation (identification) of any unknown compound. 

7. Used in analysis of biological fluids (urine, blood, plasma, serum) for identification of drugs and their metabolites. 

8. Phyto-chemical analysis (1) fruit juice- presence of vitamins, sucrose, sugars and (2) plant extract- chemical constituent 

determination, alkaloids, glycosides. 

9. MS has become an important tool in forensic science and in field of proteomics. 

10. It is also used in environmental analysis like pesticides on foods, soil and ground water contamination.   

11. MS in conjunction with either liquid chromatography (LC-MS) or gas chromatography (GC-MS) provides a method for 

characterizing the impurities. 

12. It provides a highly sensitive, specific and best method for getting rapid identification of trace impurities. 

Example: Fig: 1 Gas chromatograph with mass spectrometer attached 

Mechanism of Mass Spectrometry 

There are total seven stages in the mechanism of mass spectrometry 
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1. Sample inlet: It is the sample entry point, where sample ionization takes place and the sample in the form of vapour move 

to the next step. According to the state (solid, liquid and gas) of the sample the ionization method varies. Different ionization 

methods are there based on the state of the sample. 

2. Electron gun: In this step, there will be bombardment of electrons by the electron gun on the sample, so the electron present 

in the outer shell of the sample is removed and the sample gains a positive charge (because of the electron donation).When the 

high energy electrons falls on the sample it breaks the bond and the sample is fragmented into many parts (OH+, H+, O+, 

H2O+) and we have determine the molecular weight of these fragments. 

Fig: 2 Mechanism of mass spectrometry 

Here, in the figure (2) water is taken as a sample, where we have to calculate the molecular weight of water and its fragments. 

3. Electron accelerator: In this section it consists of 2 plates with a positive and negative charge. The positive ions from second 

step attracted to the negative ion plate and accelerate fastly to next step. 

4. Electromagnetic velocity selector: There are two forces in this compartment- magnetic force and electric forces both are 

perpendicular to each other and are of same strength. Magnetic plates are fixed in right and left side which provide magnetic 

force whereas electric plates are fixed upside down which provides electric force. (fig:2) As the name, electromagnetic velocity 

selector it allows specific velocity ions to move to the next step and doesn’t allow other ions with more or less velocity. If it 

allows all the ions to move to next step i.e., some ions may be coming at a very high speed and hits the detector very fastly, 

some may be coming at a very slow speed and hits the detector slowly, so in this case the detector gets confused as the ions are 

Sample Phase Ionization method 

1. Solid Field desorption 

Plasma desorption 

Fast atom bombardment (FAB) 

Secondary ion (SIMS) 

2. Liquid  Matrix-assisted laser desorption ionization (MALDI) 

Electrospray (ESI) 

Atmospheric pressure chemical ionization (APCI) 

3. Gas Electron ionization 

Photo ionization 

Chemical ionization 
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coming at different velocity and hitting the detector and at the end peak resolution will be very poor (peak may overlap), it 

will not be accurate and sharp. 

In the figure (2), we can see that magnetic force is equal to the velocity means they are directly proportion to each other (if 

velocity increases, magnetic field increases). So, ions with more velocity are attracted towards the magnetic field and less 

velocity ions are attracted towards electric field.  

5. Magnetic field: In this part, the magnetic field apply centripetal force on the charged ions, so the ions formed a large curve 

(big molecules) and small curve (small molecules) while they reach to the detector. Here, magnetic force is equal to the 

centripetal force (radius is directly proportional to mass), if the radius increases means mass also increases. If some of the ions 

with more or less velocity come in this field from the previous step, then they got hitted by the walls of the magnetic field and 

not able to reach to the detector. 

6. Detector: It reads the radius according to which it determines the molecular weight or mass of the ions. 

7. Computer: It is last step in the process, which gives peaks (OH+, H+, O+, H2O+) against relative abundance of the generated 

ions as a function of m/z called mass spectrum and we can see that OH+ is more abunded (more quantity) in the sample and 

molecular wt. is 17 (molecular wt. of H+ is 1, O+ is 16 and H2O+ being a parent molecule abundance is less and molecular wt. 

is 18). 

In this case, we are already knowing the sample (H2O) and the molecular weight but in case where there is unknown sample, 

where we don’t know the molecular weight that time, we match these peaks with mass spectrometry library (comparative 

study) to know the molecular weight of the unknown sample. 

Mass Analyzer (Mass Filter) 

The mass analyzer is the heart of the mass spectrometer. There are mainly four types of mass analyzer are there, Magnetic 

sector, Time of flight, Quadrupole, Ion trap. 

The most common type of mass spectrometer used in gas chromatograph is the quadrupole mass spectrometer. Sometimes 

referred as Hewlett-packed (now Agilent) trade name ‘Mass Selective Detector’ (MSD). When a second phase of mass 

fragmentation is added, for example using a second quadrupole in a quadrupole instrument, it is called tandem MS (MS/MS). 

MS/MS is used to quantify low level of trace compounds in the presence of a high sample matrix background. The first 

quadrupole (Q1) is connected with a collision cell (Q2) and another quadrupole (Q3). Both the quadrupoles can be used in 

scanning or static mode depending upon the type of MS/MS analysis being performed. Type of analysis includes product ion 

scan, precursor ion scan, neutral loss scanning and multiple ion monitoring. In MS the compound is fragmented only once, 

while, MS/MS a fragment from the compound is further fragmented by colliding (Q2) to produce daughter ions. 

Fig: 3 Triple Quadrupole MS  

Quadrupole Mass Analyzer 

It consists of four cylindrical metal rods (two +ve rods will be diagonal to each other and 2 –ve rods will be diagonal to each 

other) arranged in way as shown in the fig:  . Here Radiofrequency (RF) and Direct current (DC) voltage is applied to the metal 
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rods. Combination of these two will generate oscillating electrostatic field between the regions of rods. Ion will enter into mass 

analyzer, depending upon the ratio of RF amplitude and DC voltage oscillating electrostatic field will be generated for ions. 

If RF> DC, then larger ion will hit the detector first (fig: 4, M+, M1+, M2+). 

If RF<DC, then smaller ion will hit the detector first (fig: 4, M2+, M1+, and M+). 

If inappropriate m/z ratio of ions (other than 1 to 1000), is present then they will undergo an unstable oscillation and hit the 

rod, and ultimately will not able to reach the detector. 

Fig: 4 Quadrupole Mass Analyzer  

Conclusion 

Mass chromatography (MS) combined with a liquid chromatograph or gas chromatograph can detect masses characteristics of 

a compound, so mass spectrometer provides a highly sensitive, specific, and best method for getting rapid identification of 

trace impurities by eliminating any possible matrix interference. 
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Galls and Tumours 

1. Affected plant part shows elongated / irregular large sized outgrowth due to the hypertrophy and hyperplasia of cell. 

2. Hypertrophy (size of individual cells increases abnormally) and hyperplasia (increase in number of cells abnormally due to 

cell division).  

3. This bacterium contains tumour inducing (T1) plasmid which induces crown gall.  

4. Wounds are the entry points for this bacterium into plants and stimulates the cells to divide and enlarge abnormally. (e.g. 

crown gall in apple/ rose -Rhizobium radiobacter) 

Wilt 

1. Wilting or drying of entire plant observed in adult plants, the leaves and other succulent parts loose turgidity become flaccid 

and droop. 

2. In bacterial wilt it shows typical vascular symptom due to plugging of xylem vessel where as in case of fungal wilt, the cells 

of vascular bundles remain intact until the death of the plant 

3. In general, bacteria enter and multiply inside the xylem vessels of host plant and show brown to black colour discolouration 

in vascular bundle. 

4. (e.g. bacterial wilt in solanaceous plants - Ralstonia solanacearum and Moko wilt of banana - R. solanacearum). 
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Blight 

1. Affected leaves resulting in Scorched appearance.  

2. Inflorescence, shoots, leaves and twigs showing burn appearance. (e.g. fire blight of apple Erwinia amylovora and bacterial 

blight in beans X. axonopodis pv. Phaseoli). 

Soft Rot 

1. The term is applied in cases where affected tissue decays or rots.  

2. Infection of parenchyma, pitch tissues and various parts, dirty liquids ooze out of the affected part. 

3. Affected area is soft, watery, discoloured and somewhat depressed, or wrinkled or blistered. (e.g. Black leg of potato Erwinia 

carotovora sub sp. curotovora and soft rot of vegetables Pectobacterium carotovorum pv. carotovorum). 

 

Canker 

1. Formation of corky outgrowth on the surface of leaves, twigs and fruits necrosis of host tissues. 

2. These cankerous growths are usually localized deep seated and confined to the parenchymatous tissues of the host plant are 

rough to touch. 

3. The canker involves the cambium layer and promotes the destruction of woody tissues in case of citrus, mango and many 

forest trees.  

4. (e.g. citrus canker - X. citri pv. citri; bacterial canker in mango- X. campestris pv. mangiferae indica and bacterial canker of 

tomato – Clavibacter michiganensis subsp. michiganensis) 
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Scab 

1. Infected area becomes rough, corky, slightly raised with rusty surface  

2. Destruction of epidermal tissues in the form of scab infection is not deep seated  

3. (e.g. potato scab - Streptomyces scabies) 

Leaf Spot 

1. It is localised destruction of the tissue in a more or less 

circular manner.  

2. It is usually found on the leaves, and may develop on stem 

or fruit.  

3. The dead tissues which are in limited area gives shapes as 

angular, round or circular surrounded by yellow purple red 

margin. 

4. In dicots, the development of such spot is restricted by 

intermediate or large veins and that spots become angular. 

5. In monocots, the spots usually appear as streaks or stripes. 

6. (e.g. bacterial leaf spot in tomato Xanthomonas vesicatoria; 

angular leaf spot in cotton X. axonopodis pv. malvacearum; 

bacterial leaf spot of pomegranate X. axonopodis pv. punicae; 

bacterial leaf spot of sesame X. campestis. pv. Sesame and bacterial leaf streak in paddy X. oryzae pv. oryzicola). 
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Summary 

Biosorption has recently gained significant attention as alternative method used for the removal and recovery of toxic metals 

occurring in waste water compared to other conventional technologies. Heavy metals can be removed from water effectively 

by adsorption process using Azadirachta indica (Neem) biomass. Neem leaves and bark can be used after pretreatments as a 

new, cost effective and environment- friendly biosorbent (green biosorbent) to remove heavy metals on industrial scale. 

Introduction 

Environmental pollution by heavy metals is of global concern with wastewater effluent from different industries. Heavy metals 

such as copper, cadmium, nickel, chromium, zinc, metalloid arsenic etc. are released from the discharge of the industries such 

as fertilizer industry, pesticide industry, tannery industry, petroleum refining, metal cleaning, mining, paper industries and 

bath plating industries. The high concentration of these elements is hazardous for aquatic life, human body, plant and soil 

health due to its persistence, toxicity and accumulation in aquatic life. These elements are non-biodegradable, toxic, 

carcinogenic, hence the removal of these elements is expensive. There are conventional wastewater treatment methods such as 

Reverse osmosis, Ion exchange, Precipitation, Electro floatation, Solvent extraction, Coagulation and flocculation etc. which 

have so many disadvantages, such as high operational cost, energy requirement, generation of secondary chemical waste 

materials, high capital investment and disposal of metal sludge. So, the biological method of removal of toxic metals from low 

metal solution is beneficial in terms of environmental safety as well as low-cost investment. Most commonly used adsorbent is 

activated carbon which removes almost 99% of trace pollutants, odour, colour from wastewater but it requires high cost of 

production and this cannot be regenerated. Silica, activated alumina, zeolite etc. are also reported as an absorbent which is 

expensive and non-degradable. Biosorption is the eco-friendly and cost-effective process of removal of metals from wastewater. 

It is the technique which allows certain biomass to absorb pollutants into its cellular structure. Different categories of biosorbent 

are biomass, neem leaves and bark, rice husk, bacteria, algae, fungi, sawdust, pomegranate husk etc. 

Advantages 

1. It is comparatively cheaper and more effective than conventional methods. 

2. Regeneration of biosorbent 

3. Environmentally friendly  

4. Recovery of precious metals from effluent to some extent 
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5. Less generation of sludge  

6. High efficiency in dilute effluent 

Brief Idea on Biosorption 

Biosorption is a new technology based on the metal binding capacity of various biological compounds. The efficiency of 

biosorption is depended on active site present on the biosorbent. Different types of functional group containing compounds 

such as carbohydrate, protein, lipid, lignin, biopolymer etc.  present in cell wall structure can bind with metal through 

adsorption. Choice of biomass-derived from natural material applied for biosorption technique is a challenge for researchers 

and environmental engineer. Azadirachta indica (Neem) leaves have been considered as a good biosorbent for the removal of 

heavy metals from aqueous solution. Azadirachta indica is extensively grown in the Indian subcontinent and belongs to family 

Meliaceae.  A. indica is native of East India and Burma. It can be cultivated in any type of soils and has wide climatic adaptability. 

Neem bark biomass is also used for biosorption of metals but it is evident in many studies that sorption capacity of leaves is 

greater than bark. 

Fig. 1 Some of the bioactive compounds present in A. indica  

Biologically active compounds extracted from neem plant includes azadirachtin, galanin, meliantriol, Nimbin, Nimbidin and 

valassin have the metal binding capacity (Fig. 1).  

A. indica leaf used for sorption of cadmium (II), copper, arsenic (III & V), cobalt (II), chromium (VI), nickel (II), fluoride and 

lead (II). Metal uptake capacity of biomass can be enhanced through pretreatment of biomass. Pretreatment may be of physical 

or chemical. Physical pretreatment is done by heating, autoclaving, ultrasonic bathing, and boiling. Chemical pretreatment is 

done by several chemicals such as organic or inorganic acid, ethanol, alkaline or acetone. 

The procedure of biomass production is as following: 

Collection of plant parts (leaves or bark) washed with distilled water for removal of surface contaminants, dust or 

soluble impurities air drying followed by oven drying at 60oC for 72 hr. cut into pieces, ground it through 

mechanical grinder and sieving to get a fine powder this powder again washed with double distilled water to avoid 

release of colour and to maintain a particular pH (sometimes leaves and barks are activated through different acids such as 

sulfuric acid, hydrochloric acid etc.) again air drying after that used as a final absorbent. 
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Mostly all experiments can be performed by batch experiment procedure by suspending the biosorbent in metal solution at 

desirable pH, biosorbent dose, initial metal concentration, contact time, particle size and stirring speed. 

Different Instruments and Calculations for Determining Metal Uptake 

The concentration of a particular metal is measured through atomic absorption spectrophotometer (AAS). 

Surface characterization may be carried out by using a scanning electron microscope (SEM) and energy-dispersive X-ray 

spectroscopy (EDX). 

The surface functional groups can be determined using Fourier-Transform Infrared spectroscopy (FTIR). 

Calculations for determining metal uptake 

% removal of metal = (Ci-Co)/Ci *100 

Where Ci is the initial concentration and Co is the final concentration in mg L-1 

Amount of metal ion adsorbed (mg g-1) using mass balance equation = V (Ci-Co) /M 

Where V is volume of solution (L), Ci and Co are the initial and final concentration (mg L-1) respectively and M is the mass of 

sorbent in g. 

Heavy metal adsorption data is described through adsorption isotherm. These biosorption isotherm models are used for 

determining the relation between sorbed metal i.e. metal uptake per unit adsorbent and equilibrium metal concentration in the 

bulk phase. There are so many isotherms such as Henry’s Isotherm, Langmuir Isotherm, Freundlich Isotherm, Temkin, Harkin–

Jura Model, Brunaur, Emmett, Teller (BET) Model, Flory–Huggins Model, Jovanovic Model, Dubinin-Radushkevich Model 

and Redlich–Peterson Model. Out of these Langmuir and Freundlich equations are widely used for this purpose. 

Factors Effecting the Metal Removal 

1. pH - pH is an important parameter for biosorption of metal from solution by changing solubility of metal ions and functional 

groups (-COOH, -OH, C-O, C=O, aromatic structure, nano-aromatic double bond etc.) in the biomass. Alam et. al., (2010) found 

that adsorption efficiency of Ni (II) using neem biomass was increased by increasing pH of the solution from 2 to 7 and 

maximum biosoption of Ni (II) (95%) was found at pH 7.  

2. Biosorbent dose - Biosorbent dose has a great influence on sorption of metals as it maintains equilibrium between sorbent 

and sorbate of the system.  Rasheed et. al., (2014) found that 74.08% Cu (II) was removed at the optimal dosage of NLP (neem 

leaf powder) of 1 g L-1 at pH 3 and temperature 303 K. 

3. Initial metal concentration - Surface saturation depends on initial metal concentration. At lower concentration adsorption 

sites assimilate metal quickly whereas at higher metal concentration adsorption decreases due to decreasing loading capacity 

of adsorbent caused by rapid saturation of metal-binding sites. 

4. Stirring speed - Stirring speed influences the percentage of removal of metal at optimized values of pH and contact time. 

5. Contact time - Adsorption of metal increases with increasing the time of contact. After a certain time, adsorption sites become 

saturated and there will be no changes of adsorption dosages. Oboh et. al., (2009) reported that after contacting of 1 g of neem 

leaf biomass for 120 minutes, the percent removal was 76.8, 67.5, 58.4 and 41.45 for Cu2+, Ni2+, Zn2+ and Pb2+ ions 

respectively. 

Conclusion 

Due to the increasing contamination of toxic metal to the environment and accumulation into the organism, biosorbent 

produced from neem plant may be the ideal choice for removal of metals from polluted water due to the long-life span and 

natural abundance throughout the India. In recent days’ neem biomass gains attention for its eco-friendly nature, less capital 

investment, good performance and cost-effective domestic process for removal of metals from wastewater without harming 

the environment and living organism. After pretreatment of neem leaves (green biosorbent) the biosorption capacity gets 

enhanced and is used on an industrial scale. The adsorption capacity may be improved by altering the experimental conditions 

such as concentration, pH and temperature. 
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Introduction 

“Soil pollution” refers to the presence of a chemical or substance out of place and/ or present at a higher than normal 

concentration that has adverse effects on any non-targeted organism (FAO and ITPS, 2015). Soil pollution is considered as a 

hidden hunger because of the limitation in the direct assessment. Soil pollution has been identified as the most important threat 

to soil functions in different countries around the world. Greater input of fertilizer, water and pesticides, along with new 

technologies, have generated immense developments in modern agriculture over the past century to cope up with rising 

demand for food with increase in the population. However, while these developments have been significant, the environmental 

impacts have typically gone unmeasured. Intensive agricultural practice is dependent on the use of high doses of fertilizer and 

have kept the crop productivity in step with human need and have also enhanced the rural economy. The rising demand for 

the fertilizer is increasing each year (Fig. 1). 

Fig.1 Global fertiliser consumption (million MT) from 2010 to 2019. 
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However, no linear correlation prevails between the increase in the amount of fertilizer applied to agricultural soils and an 

increase in crop production. On the other hand, increases may result in low nutrient use efficiency and in turn lower crop 

yields. Such costs associated with agricultural development have resulted from the over-application of fertilizers and 

pesticides, which have led to water eutrophication and toxicity, groundwater pollution, soil quality degradation, and even 

the ecosystems change, raising questions about the sustainability of modern agriculture. For meeting the rising demand 

without compromising the environment, can be achieved by increasing fertilizer and water-use efficiency, minimizing 

pesticide requirements, and using integrated management of farming systems. 

Different Sources of Soil Pollution 

Under agricultural activities the major aspects that we should consider based on the source of soil pollutants are – over-

fertilization, irrigation with untreated water (urban sewage, poor quality water etc.), use of pesticides, amendments with solid 

wastes, animal manures. Trace metals from the agrochemicals (fertilizer, pesticides, animal manures) such as, copper (Cu), 

cadmium (Cd), lead (Pb) and mercury (Hg), are also considered as soil pollutants as they can impair plant metabolism and 

decrease crop productivity. Excess fertilizer and heavy metals are not only a source of soil pollution, when they enter the food 

chain, become a threat to food security, water quality and human health.  

From the agricultural point of view, the most important aspect of soil pollution is due to over exploitation of fertilizers more 

specifically due to imbalanced use of nitrogenous and phosphorus fertilizers. 

Effect of Imbalanced Fertilization from Different Sources 

Major impacts that have been found to be of serious concern - 

1. Nitrate pollution 

2. Eutrophication 

3. Heavy metal contamination 

4. Development of soil acidity 

Nitrogen (N) and phosphorus (P) possesses an acute problem when they have been used in excess of the demand by the crop. 

In presence of irrigation water or rain water it goes down to the ground water reservoir via soil and infiltrating water. 

Methamoglobinemia (blue baby syndrome) particularly in infants (< 6-month-old), is a condition caused due to consumption 

of high NO3- containing water that elevates the levels of methemoglobin in the blood that reduces the ability of red blood cell 

as an oxygen carrier to the tissues. World Health Organization (WHO) standard for drinking water is 10 mg NO3- N lt-. Central 

Ground Water Board showed that the samples from Haryana and Punjab, the states where the fertilizer consumption is high, 

contains high amount of nitrate in groundwater 99 and 55 mg lt-1 which is much higher than the permissible limit enforced by 

WHO. There are no such significant evident regarding the soil pollution caused by potassic fertilizer. 

The concentrations of N and P has been raised due to Human activity, leading to eutrophication of inland waters, which causes 

nuisance growth. Generally, P is considered as the major pollutant reasonable for the eutrophication. It was studied that 

presence of N along with P in inland waters intensified the algal growth than either added alone. The aquatic life gets hampered 

due to deoxygenation of water bodies. 

Among inorganic fertilizers, phosphate fertilizers are the major source of contaminants as they may contain traces of cadmium 

(Cd), lead (Pb), arsenic (As), chromium (Cr), fluorine (F), strontium (Sr), thorium (Th), uranium (U), zinc (Zn), etc. The existence 

of heavy metals in P Fertilizers is because of its origin as almost all of the P fertilizers are produced by using phosphate rocks. 

Use of nitrogenous fertilizer increases the soil acidity as upon nitrification 2 mole of H+ ions are released which reduces the 

pH of the soil solution. Exchangeable Al increases linearly or exponentially with the increase in N application rate. It was 

evident that long-term application of ammonium nitrate resulted in an exponential increase of exchangeable Al from <1.0 mg 

Al kg−1 to >100 mg Al kg−1 in a 7 Year of study when it was applied at rates ranging from 65 to 260 kg N/ha (Moore et. al., 

2005). Exchangeable Al upon hydrolysis releases H+ which in turn reduces the soil solution pH. 
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Management Practices for Mitigating the Soil Pollution 

A mitigating approach should be in a cost-effective way for the practical purpose. Among different approaches, those which 

will be more preferable by the farming community has been discussed below –  

1. Introduction of legumes in between two major crops help in reducing the residual N in soil which is prone to leaching. 

2. Control release fertilizers show well synchronised release of nutrients as per the need of the crop over a larger temporal 

frame. In various studies it was shown that after the rice was harvested, there was still 17% N of control release urea left in 

the soil which could provide N for the next cropping system and improved the N load of the soil. 

3. Chlorophyll meter and leaf colour chart are some of the easy-to-use approaches that can be implemented or used to guide 

in-season fertilizer applications. 

4. Residual nitrate level in soil also depends on the types of tillage practices going on. Residual soil nitrate levels will be 

lower with no-till and minimum till practices than re-crop systems or conventional tilled fallows. 

5. Rooting pattern of the crops have also its significance in controlling the nitrate content in groundwater. Residual NO3- 

level seemed to be lower in areas where deep rooted crops were grown rather than shallow rooted crops. Growing of rice 

followed by wheat resulted in higher use efficiency (above 70% compared with other cropping systems) of the applied N in 

soil (Kundu et. al., 2009). 

6. Integrated nutrient management approach shows consistent result over the years. It significantly increases the uptake of all 

the nutrient elements and recovery efficiency of nutrients has also seemed to be increased when inorganic fertilizers are 

conjointly used along with organic sources of nutrients (FYM, compost etc.) (Sarkar et. al., 2018) 

7. Heavy metal uptake by different crops can efficiently be achieved by using Fly ash (FA) and steel slag (SS). The application 

of FA and SS at the higher dosages results in marked reduction in cadmium (Cd) concentration in all parts of the crops. 

Similar kind of results are also found on zinc (Zn), copper (Cu) and lead (Pb) concentrations in different parts of crops using 

FA and SS. 

8. Phytoremediation is a bioremediation process that uses plants and their associated microorganisms for the treatment of 

contaminated soils. It is recognised as a green technology with high potential of removing a broad range of heavy metals and 

organic wastes in an effective and inexpensive way. 

Summary 

1. There is increasing need of food grain production to feed the increasing population. 

2. This rising food demand can only be fulfilled by the use of fertilizers. 

3. Increased/imbalanced use of fertilizers causes soil/water pollution (e.g., nitrate load, eutrophication, heavy metal 

contamination etc.). 

4. Risk of soil and water pollution can be reduced by adopting the cost-effective ways that can be manoeuvred in the field level 

by the farming community. 
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Introduction 

Land degradation is the temporary or permanent decline in the productive capacity of the land, and the diminution of the 

productive potential, including its major land uses (e.g., rain-fed arable, irrigation, forests), its farming systems (e.g., 

smallholder subsistence), and its value as an economic resource. 

Soil degradation refers to the processes, primarily human induced, by which soil declines in quality and is thus made less fit 

for a specific purpose, such as crop production. 

Soil Degradation 

Soil degradation means decline in the capacity of soil to support functions and provide ecosystem services, is caused by erosion, 

salinization, elemental imbalance, acidification, depletion of soil organic carbon, reduction in soil biodiversity, and decline in 

soil structure and tilth (Lal, 2012). Soil degradation can also be defined as rate of adverse changes in soil qualities (such as 

nutrient status, soil depth, concentration of salts, etc.), resulting in decline in productive capacity of land due to processes 

induced mainly by human intervention. 

Current Scenario 

Out of total geographical area of 329 M ha, 187 M ha representing 57% of the total has been suffering from different kinds of 

soil degradation problems. Water erosion is the major problem, causing loss of top soil (in 140 M ha) and terrain deformation 

(in 13 M ha). 

According to the nine-fold land classification: Out of 304 million ha of land in India for which records are available, roughly 40 

million ha is considered totally unfit for vegetation. It is either urban and under other non-agricultural uses such as roads and 

rivers, or is under permanent snow, rocks and deserts. 

Causes of Soil Degradation 

1. Immediate Causes: 

a. Topography (determines soil erosion)  

b. Climatic Conditions (Temperature, Rainfall, Wind) 

c. Unsustainable Land management Practices  

i. Deforestation, Forest Degradation 

ii. Use of heavy machineries in cultivation,  

iii. Cultivation in Steep Slopes,  

iv. Disposal of untreated industrial wastes 

v. Intensive use of fertilizers and pesticides 

vi. Dumping of wastes and chemicals 

vii. Nuclear waste disposal 

viii. Drainage of polluted water in soils     

2. Underlying Causes: (Self-perpetuating in nature and context specific)  

a. Population Density.  

b. Poverty  

c. Tenure 
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d. Market 

Impact of Soil Degradation 

1. Soil erosion: decrease in depth of soil, siltation in reservoir, loss of nutrients, eutrophication of water bodies etc. 

2. Soil pollution:  

a. Salts – affect the seed germination and plant growth. 

b. Sodicty- affect the soil structure and drainage. 

c. Heavy metals- accumulation of Cd, Hg, As, Cr, Ni and Pb imped the plant growth and causes the deficiency of micro 

nutrients.  

3. Soil compaction and crusting:  interfere with the root growth and infiltration, decreases the water holding capacity of soil. 

4. Exploiting common grazing grounds 

5. New cropping systems 

6. Wind erosion 

Wasteland 

In India the term wasteland has been used as synonym to define degraded lands, (including rocky, stony, and those under 

permanent snow cover, water bodies, etc.) The term wasteland is inappropriate since, there is nothing like waste and that each 

land unit has its own use potential (Sehgal et al., 1990). Thus, it is better to term them as degraded or sick land. 

For instance, - Stony/ bouldery land surfaces, considered waste are being used for providing basic construction material. The 

areas under permanent snow cover considered as waste are a perennial source of water, so quite essential. Thus, the term 

wasteland for such areas is not suitable. 

Conclusion 

Soil is a part of Land, thus any deterioration in its quality, mass or volume either singly or in combination, is also deterioration 

of Land”. 

Reference 

1. Lal, R., (2012). Climate change and soil degradation mitigation by sustainable management of soils and other natural 

resources. Agric Res (July–September 2012). 1(3):199–212. 

2. Sehgal J., Mandal D.K., Mandal C. and Vadivelu S. (1990). "Agro-ecological Regions of India". Tech. Bull. 24, NBSS Publ., 

Nagpur, 73 p. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            762 | P a g e  
 

Soil Carbon Sequestration: An Option to Mitigate Global Climate Change 

Article id: 23868 

Samrat Ghosh: Ph.D scholar, Department of Agricultural Chemistry and Soil Science, Bidhan Chandra Krishi Viswavidyalaya, 

Nadia, West Bengal. 

Sripriya Das: Ph.D scholar, Department of Agronomy, Bidhan Chandra Krishi Viswavidyalaya, Nadia, West Bengal. 

Joy Dutta: Ph.D scholar, Department of Agricultural Chemistry and Soil Science, Bidhan Chandra Krishi Viswavidyalaya, 

Nadia, West Bengal. 

Payel Pal: Ph.D scholar, Department of Agricultural Chemistry and Soil Science, Bidhan Chandra Krishi Viswavidyalaya, 

Nadia, West Bengal. 

Gopal Dutta: Ph.D scholar, Department of Agricultural Meteorology and Physics, Bidhan Chandra Krishi Viswavidyalaya, 

Nadia, West Bengal. 

Bishnuprasad Dash: Ph.D scholar, Department of Agricultural Chemistry and Soil Science, Bidhan Chandra Krishi 

Viswavidyalaya, Nadia, West Bengal. 

Manimala Mahato: Ph.D scholar, Department of Agronomy, Bidhan Chandra Krishi Viswavidyalaya, Nadia, West Bengal. 

 

Introduction 

Since pre-industrial era (1750), there has been an alarming rise in the concentrations of greenhouse gases (GHGs) in the 

atmosphere. In 2019, the atmospheric abundance of GHGs viz. carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) 

was 147.8, 258.5 and 122.9% relative to their levels in 1750, respectively (NOAA, 2020). Their concentration in atmosphere is 

still increasing with a rate of 0.97 x 10-3 ppb to 2.4 ppm yr-1 (Fig.1). Beside the atmospheric enrichment, radiative forcing of 

these GHGs has increased by 43% (i.e. by ~0.94 W m-2) from 1990 to 2018 and CO2 contributed about 81% (~0.75 W m-2) to 

this increase. According to IPCC, the higher atmospheric abundance of GHGs and their cumulative radiative forcing may raise 

the earth’s mean temperature by 1.5-5.88 oC during the 21st century. Consequently, global mean sea level is projected to 

increase by 15-23 cm due to the meltwater from glaciers and ice sheets and thermal expansion of seawater. Notable changes in 

earth’s ecosystem and frequency and intensity of wildfires have already been observed. Thus, the global emission of GHGs by 

anthropogenic activities is continuously augmenting the climate change. Historically, change in land-use systems and crop 

cultivation in soil have been a significant source of GHGs to the atmosphere. The agriculture is responsible for 1/3rd of the 

total GHG emissions and thus, it necessitates the identification of suitable strategies to reduce the atmospheric abundance of 

CO2 and other GHGs and/or stabilize their concentration. Soil carbon (C) sequestration via recommended crop management 

practices, in this aspect, may be a potential option to mitigate the risks of global warming and hence, the global climate change. 

Sources of Greenhouse Gases 

The major sources of GHGs in the atmosphere are- i) respiration, ii) fossil fuel combustion and iii) change in land-use systems. 

According to the global carbon budget of 2018, burning of fossil fuels like coal, oil and gas emitted 10.0 Gt C and change in 

land-use systems viz. conversion of natural system to agriculture-lands, deforestation and biomass burning resulted in 1.7 Gt 

C emission from the world (Friedlingstein et. al., 2019). 

Potential of Soil as a Sink of Atmospheric CO2 

Soil is the 3rd largest global C pool; it consists 2500 Pg of C comprising 62% as soil organic carbon (SOC) in organic residues 

and 38% as soil inorganic carbon (SIC) as elemental C and carbonate minerals (Batjes, 1996). Carbon stored as SOC is about 3 

times the atmospheric pool (760 Pg C) and 2 times the biotic pool of forests and other vegetation (560 Pg C). Thus, it is vividly 

clear that soil plays a vital role in global C cycle and can act as a potential sink of atmospheric CO2 besides a source of it. There 

exists a dynamic equilibrium of C-fluxes between soil and other global C pools. 
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Soil Carbon Sequestration: Concept and Mechanism 

By definition, soil carbon sequestration implies the net transfer of atmospheric CO2 into soil so that it is not readily re-emitted. 

So, conceptually it is just removing the CO2 from the atmosphere and storing it securely in soil in such a form that its re-

emission to the atmosphere is delayed. Judicious land-use management and recommended crop management practices that 

add substantial amount of crop residues and other organic solids in soil help to increase the soil C stock. These management 

practices not only differ in the proportion of crop biomass that is added to soil, but the quality of organic matter added is also 

variable which bear a strong role in the re-emission of SOC in terms of CO2. For example, maize, sorghum, sugarcane, millet 

or other C4-plant based cropping systems always add higher amount of root, stubble and leaf biomass to soil due to their 

higher primary productivity compared to the rice, wheat or other C3-plant based cropping systems. Besides quantity of 

biomass-input, quality of organic matter added also varies upon land-use systems and their management. Legume-included 

systems add organics of lower C:N ratio and hence, of high decomposability compared to other non-legume-based systems. 

Management Practices Ensuring Soil Carbon Sequestration 

The following crop management practices are ways of soil C stock increment- 

1. Addition of organic manures such as composts, vermicomposts, animal manures, biosolids etc. which act as direct source of 

C inputs to soil. 

2. Managing crops with integrated nutrient management; it increases plant mediated C input to soil via increased crop biomass 

yield besides direct addition of C via applied organics.  

3. Practising no tillage or minimum tillage which disturbs the soil to the minimum and thus, reduce the chance of biological 

oxidation of SOC. 

4. Growing cover crops or mulch-farming which covers the soil surface with crop residues during the entire season; it helps to 

reduce SOC-loss via soil erosion or runoff besides adding C to soil. 

5. Addition of biochar, a carbon substance resistant to microbial degradation that increases the plant nutrient availability aside 

adding C to soil. 

6. Growing bio-energy crops for biofuel production (e.g., switch grass) on bare or marginal lands and C sequestration on those 

lands. 

7. Shortening the fallow-periods especially summer fallows to reduce the C loss from soil. 

‘4 Per 1000’ Approach Proposing Soil to Mitigate Climate Change 

The international initiative of ‘4 per 1000’ under Global climate action plan (GCAP) in France, 2015 proposes soil for mitigating 

global climate change. According to this convention, if global SOC stock upto 30-40 cm is increased by 4 per 1000 (i.e. by 0.4%) 

per year, the annual rise of atmospheric CO2 will be significantly reduced and the global temperature rise will be below the 

threshold 2 oC. The IPCC reported that the effect of climate change will be significant if global temperature rise crosses this 

critical limit of 2 oC. Certainly, to maintain this, besides reducing deforestation, 570 million farms and more than 3 billion rural 

people of the world are needed to focus on increasing SOC status by 0.4%. Crop management practices stated above are the 

ways to achieve this goal because those agricultural practices raise the SOC status upto 40 cm or even more via left-over plant 

residues in soil. However, only increasing the C status by adapting recommended management practices is not enough to 

reduce the atmospheric C-load, combating with the land degradation processes and other sources of CO2 side by side must 

also be run simultaneously to mitigate the global risk of climate change. 

Summary 

Human activities emit enormous amount of GHGs, especially CO2 into the atmosphere. Future projections reported that this 

increasing trend of atmospheric GHG concentrations will rise the global temperature beyond 2 oC. Thus, efforts should be 

made towards the sequestration of atmospheric CO2 into various sinks to limit this global warming. In this aspect, Soil is a 

potential option. Carbon sequestration in soil following various recommended agricultural practices is the main idea behind 

limiting the increasing atmospheric concentration of CO2 and the global warming. Global soil C sequestration at the rate of 4 

per 1000 via agriculture can mitigate the risk of global warming and hence, the global climate change (Fig 2). 
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Fig.1 Atmospheric concentration of CH4, N2O (in ppb) and CO2 (in ppm) in pre-industrial era (1750) and 2019.  Rates of 

increase in the gas concentrations are mean of last 10 years. 

 

Fig 2. Diagrammatic representation of the way the recommended crop management practices helps curbing the global 

climate change. 
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Introduction 

Entomopathogenic nematodes are a group of nematodes (small thread like round worms) that specifically kill insects with the 

help of bacterias carried by them. They complete a part of their life cycle in insect body and kill them in this process. The term 

“entomopathogenic” has a Greek origin, with “entomon” meaning insect and “pathogenic” which means causing disease. 

EPNs have been found all over the world and a range of ecologically diverse habitats.  They are highly diverse, complex and 

specialized. These nematodes have short life cycle, wide host range, and can resist under unfavourable conditions and 

environmental extremes which make them a suitable biocontrol agent. 

Systematic Position 

Kingdom Phylum Class Order Family Genus 

Animalia Nematoda Chromadorea Rhabditia Steinernematidae Steinernema 

Animalia Nematoda Chromadorea Rhabditia Heterorhabditidae Heterorhabditis 

Characteristics of Entomopathogenic Nematodes 

• Ability to search the target insect in soil, plant surface by using chemoreceptors. 

• Quick kill of the target insect through release of bacteria.  

• Broad host range: Coleoptera, Lepidoptera, Diptera, Orthoptera, Homoptera etc.  

• Can be recovered from soil and mass multiplied within a short period.  

• Can be cultured easily on artificial diet or living hosts.  

• Can be stored for longer period in soil, cadaver, in partially desiccated state and received when needed.  

• They are compatible with many pesticides and can be formulated as dust, sprays, capsules, granules etc. 

• Can be applied as suspension or through irrigation system.  

• These are safe to vertebrates, plants and non-target organisms.  

• They are environmentally safe and self-perpetuating in nature. 

Significance in Present Generation 

The high cost of chemical pesticides, their adverse effects on 

the environment and development of pest resistance demand 

an alternative approach for crop pest’s management, which 

should be eco-friendly and cost effective. Thus, the economic 

importance of entomopathogenic nematodes is increasing due 

to their potential use in the bio control of insect pests. As a 

result of which they are included in pest management 

programme with ideal formulation and proper application 

technology. 

 

 Fig 1. Steinernema masoodi multiplying over a dead larvae 
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Life Cycle 

Because of their economic importance, the life cycles of the genera belonging to families Heterorhabditidae and 

Steinernematidae are well studied. Although not closely related, phylogenetically, both share similar life histories (Poinar 

1993). Heterorhabditis is more mobile than Steinernema. The cycle begins with an infective juvenile, whose only function is to 

seek out and infect new insects by sensing carbon dioxide and other chemicals present in their waste products. After a host has 

been located, the nematodes enter into the insect body coelom via natural body openings (mouth, anus, spiracles) and thin 

segmental areas cuticle (Bedding and Molyneux 1982).. The infective juveniles of both steinernematids and heterorhabditids 

carry in its gut bacteria of the genus Xenorhabdus and Photorhabdus, respectively (Boemare et al. 1993). In the haemocoel, 

infective juvenile releases cells of bacterial symbiont from its intestine. The nutrient-rich haemolymph of insect helps in the 

rapid multiplication of bacteria and ultimately results in killing the host within 48 hr (Woodring and Kaya 1988). The 

nematodes provide shelter to the bacteria, which, in return kills the insect. 

The infective juvenile then becomes feeding juvenile or functional 

third-stage juvenile and feed on the multiplying bacteria, degrading 

and liquefying host tissue. Juveniles developing with adequate food 

supply mature to adults but when food reserves are depleted the 

adults produce new infective juveniles adapted to withstand the 

outside environment that disperse from the cadaver and seek out 

new hosts. After about a week of infection, hundreds of thousands 

of infective juveniles emerge and leave in search of new hosts, 

carrying with them an inoculation of mutualistic bacteria, received 

from the internal host environment (Boemare 2002, Gaugler 2006).  

The number of generations may be more than one within the host 

cadaver depending upon the available resources. Infective juveniles 

of Steinernematids develop into amphimictic females and males but 

never develop into hermaphrodites, whereas Heterorhabditids 

always develop into hermaphrodites in the first generation. 

Subsequent generation of heterorhabditids produces males, females 

and hermaphrodites (Dix et al. 1992). 

Host Range 

Different species of 
Steinernema & 
Heterorhabditis 

Major host insect pest(s) 

S. glaseri White grubs (especially Japanese beetle, Popillia sp.), banana  borers 

S. kraussei Black vine weevil, Otiorhynchus sulcatus 

S. carpocapsae  cutworms, armyworms, banana moths, codling moths, black vine weevils,  

S. feltiae Fungus gnats (Bradysia spp.), western flower thrips, leafminers 

S. scapterisci Mole crickets (Scapteriscus spp.) 

S. riobrave Citrus root weevils (Diaprepes spp.), mole crickets 

H. bacteriophora White grubs, cutworms, black vine weevils, flea beetles, citrus root weevils 

H. megidis Weevils 

H. indica Fungus gnats, root mealybugs, grubs 

H. marelatus White grubs (scarabs), cutworms, black vine weevils 

Mass Production 

Mass production of entomopathogenic nematodes can be done by two different methods either in vivo or in vitro (solid and 

liquid culture) (Shapiro-Ilan and Gaugler 2012). In vivo production is a simple process of culturing a specific entomopathogenic 

nematode in live insect hosts which is easy and involves the use of larvae of wax moth (Galleria mellonella), trays and shelves. 

Figure 2. Generalized life cycle of 

entomopathogenic nematodes. 
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In vivo production uses a White trap (White 1927), which takes advantage of the juvenile stage's natural migration away from 

the host-cadaver. However, this method is not cost effective for scaled-up productions and may be only ideal for small markets 

or laboratory studies (Shapiro-Ilan et al. 2002). In vitro culturing of entomopathogenic nematodes is based on introducing 

nematodes to a pure culture of their symbiont in a nutritive medium. 

Application Methods 

The entomopathogenic nematodes are formulated as Liquid concentrate, Wettable powders, Water dispersible granule and 

flowable gel. They can be applied with most horticultural equipment including pressurized sprayers, mist blowers, and 

electrostatic sprayers. The application equipment chosen will depend on the cropping system. In general large diameter nozzles 

(orifices) and high volumes (up to 400 gallons per acre) are recommended. Filters, screens and swirl plates should be removed 

from spray equipment lines to prevent them from becoming clogged with infective juveniles. It is also important to ensure 

adequate agitation during application because entomopathogenic nematodes settle quickly in suspension. High pressures 

should also be avoided and entomopathogenic nematodes can be kept cool by adding ice packs to the spray suspension. Fresh 

manure or high rates of chemical fertilizers (e.g., urea) can be detrimental to entomopathogenic nematodes persistence and 

efficacy. Substantial progress has been made in recent years in developing entomopathogenic nematode formulations, 

particularly for aboveground applications, e.g. mixing entomopathogenic nematodes with particular surfactants and water 

dispersable polymers (Shapiro-Ilan et al. 2010). 

Conclusion 

In regards to sustainable agriculture and environment friendly farming methods bio-control management has emerged as a 

method of most widely adopted control methods. Bio-control management is environmentally friendly which helps in 

decreasing or mitigating pests and pest effects through the use of natural enemies. The adaptation of bioagents is based on the 

principle that is to provide safety to the human and environment. Taking all these into consideration management of insect 

pests by using bio-control is advisable and among these bio agents Entomopathogenic nematodes (EPNs) are promising with 

their characters and advantages. In context of both the cost and environmental impact of chemical pesticides, EPNs would be 

the viable and eco-friendly option for farmers to increase productivity per unit area by suppressing pest populations. 
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Maturity is the stage of fully development of tissue of fruit or vegetable only after which it will ripen normally. During the 

process of maturation, the fruit receives a regular supply of food material from the plant. Such fruits persist numerous problems 

during handling, storage and transportation. Therefore, it is necessary or essential to pick up the fruits or vegetables at correct 

stage of maturity to facilitate proper ripening, distant transportation and maximum storage life. 

Definitions Related to Maturity and Ripening 

1. Mature:  It is derived from Latin word ‘Maturus’ which means ripen. It is that stage of fruit development, which ensures 

attainment of maximum edible quality at the completion of ripening process.  

2. Maturation: It is the developmental process by which the fruit attains maturity. It is the transient phase of development from 

near completion of physical growth to attainment of physiological maturity. There are different stages of maturation e.g. 

immature, mature, optimally mature, over mature. 

3. Ripening: Ripening involves a series of changes occurring during early stages of senescence of fruits in which structure and 

composition of unripe fruit is so altered that it becomes acceptable to eat. Ripening is a complex physiological process resulting 

in softening, colouring, sweetening and increase in aroma compounds so that ripening fruits is ready to eat or process. The 

associated physiological or biochemical changes are increased rate of respiration and ethylene production, loss of chlorophyll 

and continued expansion of cells and conversion of complex metabolites into simple molecules. 

a. Horticultural maturity: It is a developmental stage of the fruit on the tree, which will result in a satisfactory product 

after harvest.  

b. Physiological maturity: It refers to the stage in the development of the fruits and vegetables when maximum growth 

and maturation has occurred. It is usually associated with full ripening in the fruits. The Physiological mature stage is 

followed by senescence. 

c. Commercial maturity: It is the state of plant organ required by a market. It commonly bears little relation to 

Physiological maturity and may occur at any stage during development stage.  

d. Harvest Maturity: It may be defined in terms of Physiological maturity and horticultural maturity, it is a stage, which 

will allow fruits/vegetables at its peak condition when it reaches to the consumers and develop acceptable flavour or 

appearance and having adequate shelf life. 

Table:  Criteria of Maturity for Harvesting Fruits 

Fruit Physical Chemical 

Mango Olive green colour with clear lenticels, shoulder development 
size sp. gravity, days from fruit set. 

Starch content, flesh colour 

Banana Skin colour, drying of leaves of the plant, brittleness of floral 
ends, angularity of the fruit, and days from emergence of 
inflorescence. 

Pulp/peel ratio, starch content 

Citrus Colour break of the skin from green to orange, size Sugar/acid ratio, TSS 

Grapes Peel colour, easy separation of berries, characteristic aroma TSS 18-12 Thompson seedless, 12-14 for 
Bangalore Blue, 
14-16 for Anab-e-shahi 
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Apple Colour size Firmness as measured by pressure tester 

Papaya Yellow patch or streaks. Jelliness of the seed, seed colour 

Skin Colour 

Loss of green colour in citrus and red colour in tomato. 

Shape, Size and Flavour 

Sweet corn is harvested at immature stage, smaller cobs marketed as baby corn. Okra and cow pea are harvested at mature 

stage (pre fiber stage). In chilli, bottle gourd, bitter gourd, cluster beans maturity is related to their size. Cabbage head and 

cauliflower curd are harvested before unpleasant flavour. 

Abscission and Firmness 

Musk melon should be harvested at the formation of abscission layer. In cabbage and lettuce should be harvested at firmness 

stage. 

Importance of Maturity Indices 

1. Ensure sensory quality (flavour, colour, aroma, texture) and nutritional quality.  

2. Ensure an adequate postharvest shelf life. 

3. Facilitate scheduling of harvest and packing operations. 

4. Facilitate marketing over the phone or through internet. 

Factors Affecting Maturity 

1. Temperature: Higher temperature gives early maturity. e.g. Gulabi (Pink) grapes mature in 100 days in Western India but 

only 82 days are enough in the warmer Northern India.  Lemon and guava take less time to mature in summer than in winter.   

2. Soil: Soil on which the fruit tree is grown affects the time of maturity. e.g. Grapes are harvested earlier on light sandy soils 

than on heavy clays.  

3. Size of planting material: This factor in propagated fruits affects fruit maturity. e.g. In pineapple, the number of days taken 

from flowering to fruit maturity was more by planting large suckers and slips than by smaller ones.  

4. Closer spacing: Close spacing of hill bananas hastened maturity.  

5. Pruning intensity: It enhanced the maturity of Flordasun and Sharbati Peaches. 
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The productivity as well as the quality of fruit crops is affected to a greater extent due to the physiological and nutritional 

disorders. Disturbance in the plant metabolic activities resulting from an excess or deficit of environmental variables like 

temperature, light, aeration and nutritional imbalances result in crop disorders. In fruit crops, the deficiency of micronutrients 

causes many more disorders than that of macronutrients. Nutritional disorders have become widespread with diminishing use 

of organic manures, adoption of high-density planting, use of root stocks for dwarfing, disease and salt tolerance, unbalanced 

NPK fertilizer application and extension of horticulture to marginal lands. To get high quality fruit and yields, micronutrient 

deficiencies have to be detected before visual symptoms are expressed. 

Spongy Tissue 

A non-edible sour patch developed in the mesocarp of mango fruit is broadly 

termed spongy tissue. It is a major problem in Alphonso, where a pulp patch 

fails to ripen. The peculiarity of this malady is that external symptoms of the 

fruit affected by spongy tissue are not apparent at the time of picking or at the 

ripe stage. This malady is caused due to inactivity of ripening enzymes due to 

high temperature, convective heat and post-harvest exposure to sunlight. It is 

a physiological disorder in which fruit pulp remains unripe because of 

unhydrolyzed starch due to physiological and biochemical disturbances 

caused by heat in mature fruit at pre-and post-harvest stages. 

Control: Use of mulching and post-harvest exposure to low temperatures between 10-15 0C for 10-18 hours has been 

useful in reducing the malady. The pre harvest dip significantly reduced the occurrence of spongy tissue in the ripe 

‘Alphonso’ fruits. The use of wind-breaks for protecting the orchard from warm air during May, and use of proper 

precautions at post-harvest stage checks the disorder. 

Mango Malformation 

Malformation is widely prevalent in northern India, particularly in the states of Punjab, 

Delhi and western U.P. where more than 50% of the trees suffer from this malady. 

Depending on the plant part affected, two categories of the malformation, vegetative and 

floral, have been recognized. In vegetative malformation, the vegetative buds in the leaf 

axils or at the apical meristem of the younger plants, on activation, develop abnormally 

as compact rosette-like shootlets, bearing tiny leaf rudiments. Floral malformation, in 

contrast, is very virulent and can cause the loss of the entire crop. It affects the fruit 

production directly by converting the panicle to a barren one. The malformed panicles 

remain intact on the trees for a considerable long period. In severe form, the affected 

panicle, appears like a compact mass, being greener and sturdier. It bends down due to 

its own weight. Floral malformation exhibits all sorts of symptoms, but any deviation of 

a part of the panicle, or all the parts of a panicle, from the normal to abnormal should be 

considered as a symptom of this malady.  
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Control: It is found that the application of Planofix (NAA 200 ppm) during the first week of October as spray resulted 

in considerable reduction of floral malformation. Early deblossoming, combined with NAA spray during October, may 

reduce the extent of malformation considerably. 

Biennial Bearing 

The term biennial, alternate or irregular bearing generally signifies the tendency of mango trees to bear a heavy crop in one 

year (On year) and very little or no crop in the succeeding year (Off year). Most of the commercial varieties of north India, 

namely, Dashehari, Langra and Chausa are biennial bearers, while south Indian varieties like Totapuri Red Small, Bangalora, 

and Neelum are known to be regular bearers. When a tree produces heavy crop in one season, it gets exhausted nutritionally 

and is unable to put forth new flush thereby failing to yield in the following season. 

Control: Soil application of Paclobutrazol (PP333) or Cultar @ 5 g/tree in the month of September resulted in early 

flowering with higher fruit set and yield. It may be applied every year for regular fruiting, particularly in young trees. 

Proper maintenance of orchard by way of effective control of pests and diseases and regular cultural operations may 

also result in better performance of the tree every year. 

Black Tip 

It has been reported that the gases like carbon monoxide, sulphur dioxide and ethylene 

constituting the fumes of brick kiln are known to damage growing tip of fruits and give rise 

to the symptoms of black tip. The damage has been noticed in the mango orchards located up 

to 200metres of distance from brick kiln. Black tip is a serious disorder, particularly in the 

cultivar Dasheri. Black tip disorder has generally been detected in orchards located in the 

vicinity of brick kilns. The growth of the fruit is almost at stand still and the fruit becomes soft 

after premature ripening. Such fruits never reach full maturity and drop earlier.  

Control: Spraying of 2% sodium carbonate or 0.6% borax is recommended as control 

measure. The first spray of Borax should be done positively at pea stage followed by 

two more sprays at 15 days interval. Planting of mango orchards in North-South direction and 5-6 km away from the 

brick kilns reduce incidence of black tip to a greater extent. 

Clustering in Mango (Jhumka) 

This disorder is locally known as 'Jhumka' and characterized by the development 

of fruitlets in clusters at the tip of panicles. Such fruits cease to grow beyond pea 

or marble stage and drop down after a month of fruit set. Absence of sufficient 

population of pollinators in the orchards is the major reason. 

Control: Spraying of NAA (300 ppm) during October-November is 

recommended. The practice of monoculture of a particular variety may 

be avoided. Particularly in case of Dashehari, 5-6% of other varieties 

should be planted in new plantations. 

Zinc Deficiency 

The major nutritional disorder in mango is little leaf caused by the deficiency of zinc. The 

lamina of leaves turns pale yellow while midrib remain green. Leaves become very small, little 

with interveinal chlorosis. Yellowing, necrotic patches develop on old leaves with drying of 

leaves. Subsequently necrotic patches turn grey and cover the entire surface. 

Control: Two sprays of 1-2% Zinc sulphate, one at the time of flowering and the other at one 

month after the first spray correct the disorder. 
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Fruit Drop 

Fruit drop is to some extent associated with the variety, as the variety ‘Langra’ is more prone to fruit drop than ‘Dashehari’. 

Deficient nutrition of many developing embryos may be the most important internal factor leading to post-fertilization drop 

in mango. The maximum drop of fruits in ‘Langra’ and ‘Dashehari’ takes place in the first three weeks of April and differs 

significantly from the drops in the following weeks. The fruit drop is more or less a continuous process and can be classified 

into three phases, viz. (i) pinhead drop, (ii) post-setting drop and (iii) May-month drop. The fruit drops in first two phases are 

insignificant compared to the third phase which affects the final yield significantly and needs more attention. Embryo abortion, 

climatic factors, disturbed water relation, lack of nutrition, attack of disease and pest and hormonal imbalances are the major 

factors that lead to fruit drop. 

Control: The foliar application of Alar (B-nine) @ 100 ppm or NAA 20 ppm at pea stage of fruit was found effective in 

controlling fruit drop in mango. 

Conclusion 

Among all the physiological disorder associated with mango, none is due to a single factor but all are due to the combination 

of several factors like genetic factors, environmental factors, nutritional imbalance, poor cultural practices in orchard so it is a 

very difficult to control but proper management practices like requirement of fertilizers at proper stage, pruning of some old 

branches just after harvesting, deblossoming of some flower buds during February- March, application of recommended plant 

growth regulators at proper stage can prevent the disorder to a large extent. 
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Introduction 

Leaf Colour Chart (LCC) is a diagnostic tool for precise application of nitrogen to crops in a rather simple manner. It is an 

innovative and cost-effective approach for real time nitrogen management depending upon the nitrogen requirements of the 

crop plants. It is a strip of colours (4-6 strips) ranging from yellowish green to dark green based on visual colour appearance 

of the leaves and is easy to use. It has been reported that the use of LCC for precise nitrogen application resulted in 48.8% 

saving of nitrogen as compared to farmers practice (Singh and Sharma, 2016). It is primarily used in rice crop but can also be 

used in wheat, maize etc. and further researches are going on for its use in sugarcane, potato, vegetables and other crops. LCC 

was jointly developed by International Rice Research Institute (IRRI) and Philippines Rice Research Institute (Phil Rice). 

Need of LCC in Rice 

In order to achieve and sustain higher yield of rice crop and reduce the nitrogen losses from rice fields occurring through 

leaching, denitrification and volatilization, the improvement in nitrogen use efficiency of rice plants is of vital importance. 

Since farmers have a tendency to apply excessive amount of nitrogenous fertilizers in rice field which have visible beneficial 

effect on rice plants, thus the efficiency of the fertilizer use is reduced and rarely exceeds 40% (Cassman et al., 1993; Singh and 

Singh, 2003). The LCC is a viable and eco-friendly option to apply nitrogenous fertilizers as and when required in appropriate 

amount and increase the use efficiency of the applied fertilizer for rice crop. 

Principles of LCC 

1. The intensity of the colour of leaves is an indicator of the amount of nitrogen present. 

2. The intensity of the colour of leaves shows the relationship of nitrogen content of leaves to photosynthesis. 

Steps to Use LCC 

1. Selection of plants for testing: About 10 disease free rice plants/hills should be randomly selected in a field having 

uniform plant population. 

2. Selection of leaf and matching to the LCC: The topmost youngest fully expanded leaf from each hill should be used. Place 

the middle part of the leaf over the LCC and match the colour of the leaf with the colour panels of the chart. 

3. Measurement of leaf colour: The leaf colour should be measured under the shade of the body of the person taking 

measurements and not under direct sunlight which affects the reading either in the morning between 8.00-10.00 a.m. or in the 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            774 | P a g e  
 

afternoon between 2.00-4.00 p.m. If the colour of the leaf is in between two shades of the colour panels, then the average 

values should be taken. 

4. Determination of average LCC value: When the average value of the 10 (at least) sample leaves is less than the critical 

value or when five or more leaves have values less the critical value for that variety, nitrogenous fertilizers should be top-

dressed @ 35 kg N/ha in dry season and 30 kg N/ha in wet season per application per ha (Agritech TNAU portal) . 

The LCC is used once in every 7−10 days starting from the beginning of tillering (14 DAT) and continued up to 5−10 days 

after panicle initiation. 

Advantages of Using LCC 

1. Increase in yield of rice crop as reported by Reddy and Pattar (2006) 

2. Application of fertilizer in the right quantity and at the right time when crop actually needs. 

3. Saving of nitrogenous fertilizers, money and other resources for farmers by cutting off the excess fertilizers used by farmers 

in traditional methods. 

4. Improvement of nitrogen use efficiency of the plants which is accomplished with precise N application. 

5. No power consumption as no machinery is required for taking readings or fertilizer top dressing. 

6. Cheap and easy to use. 

7. Reduction in greenhouse gas emission as optimum and precise quantity of nitrogen is applied to rice crop as and when 

needed. 

Limitations 

1. Not very well known among the farmers 

2. Presence of solar radiation may affect the readings 

3. Leaf colour may be confused for other nutrient deficiencies or disease infection 

4. Critical value differs from crop to crop and from variety to variety 

Conclusion 

Leaf Colour Chart (LCC) is an ideal tool to optimize nitrogen fertilizer use in rice and several other crops at high yield levels, 

irrespective of the N source applied viz., organic manure, biologically fixed nitrogen of chemical fertilizers. This is an eco-

friendly and easily accessible option available for the small and marginal farmers of our country. 

Fig.1 (a) and (b) 4 panel Leaf Colour Chart (LCC) 
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Introduction 

Cluster bean [Cyamopsis tetragonoloba (L.) Taub.] commonly called guar is an important legume crop belongs to family 

Leguminosae (Fabaceae). It is drought tolerant crop suitable for cultivation under rainfed conditions in arid and semi-arid 

regions of India. Cluster bean is grown as green manuring, green fodder and vegetable crop for human consumption since 

ancient times in India and Pakistan. It is also grown for production of seeds and extraction of guar gum purposes in India. The 

crop has special importance because of gum content present in its seed.  

The major cluster bean cultivating countries are India, Pakistan, USA, Italy, Morocco, Germany and Spain. India is the largest 

producer of guar seeds with 80% of total production in the world and Rajasthan is leading state producing with about 75% of 

total production of India. The other major states involved in its production are Gujarat, Haryana, Punjab, Uttar Pradesh, 

Odisha, Maharashtra, Madhya Pradesh and Karnataka. In India area under cluster bean cultivation is 5.15 m ha and production 

of 2.46 mt with a productivity of 478 kg ha-1 (Anon, 2015). In Karnataka it is cultivated round the year in limited area in districts 

like Dharwad, Belagavi, Vijaypura, Haveri etc. for tender vegetable pods.  

The cluster bean crop is affected by various biotic and abiotic stresses which are responsible for its poor quality and low yield 

resulting in severe economic losses to the country as it is an important cash crop with a great potential for foreign exchange. 

Among biotic stresses, the damage caused by plant diseases is one of the major constraints. The cluster bean plant is affected 

by a number of diseases caused by fungi, bacteria, nematode, virus and phytoplasma. Fungal diseases like Alternaria blight 

and leaf spot (Alternaria cucumerina var. cyamopsidis, A. tenuis, A. tenuissima), powdery mildew (Leveillula taurica),  Anthracnose 

(Colletotrichum dematium), rust (Uromyces phaseoli), dry root rot and charcoal rot (Rhizoctonia bataticola and Rhizoctonia Solani), 

Fusarium wilt and root rot (Fusarium caeruleum, F. oxysporum, F. semitectum, F. solani), southern blight and root rot (Sclerotium 

roridum), leaf spot (Curvularia lunata, Choanephora cucurbitarum), damping off (Pythium myriotylum) and vascular wilt 

(Neocosmospora vasinfecta). Among the foliar diseases, powdery mildew caused by Leveillula taurica is an important disease 

causing the yield loss upto 50-55 per cent. 

Symptoms 

The disease progressed from lower leaves to upper leaves indicating small light greenish yellow chlorotic spots on upper 

surface of the leaves and brownish colour spots covered with whitish grey powdery growth of the fungus on the lower surface 

of the leaves. Under severe infection stage whitish growth also appeared on upper surface of the leaves and caused defoliation. 

The disease manifests mainly on leaves and pods. Severely affected plants are defoliated and weakened by premature drying 

and death of infected leaves (Vijaykumar, 2018). 

Powdery growth on upper and lower surface 

of the leaves 

Infection on matured 

and younger pods 

Defoliation of the 

leaves 
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Etiology Causal organism – Leveillula taurica 

It is an Oidiopsis type of fungi. Mycelium is septate, endophytic and branched, found on both extracellular and intracellular. 

Conidiophore is hyaline, long branched septate bearing single celled, hyaline, clavate shaped conidium. Conidiophores emerge 

through stomata in clusters bearing a single conidium at the tip. 

Epidemiology 

Hot, humid and dry weather favours the disease. 

Management 

1. The most adopted practice to escape from powdery mildew infection is to plant early in the growing season or use early 

maturing cultivars. 

2. Use moderately susceptible cultivars like Usm Deepti, Samrat.  

3. Remove and destroy crop debris after harvest. 

4. Spraying of fungicides like Carbendazim – 1g/l, Penconazole – 1ml/l, Propiconazole 1ml/l, Wettable sulphur 2.5g/l, 

Hexaconazole -1ml/l, Difenconazole -1ml/l are effective in managing the disease. Totally 2-3 sprays are required at 15 days 

interval from the first appearance of symptom. 
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Introduction 

It’s that time of the year again when the sun beats down with all its mighty glory. The only thing that gives respite from the 

scorching heat is a glassful of chilled beverage. But an average drink won’t do the trick; you need something that will make 

you feel cool from within That’s why our desi summer coolers score high as they are refreshing, energy-boosting and are 

healthy too. So, here’s bringing you a list of Indian summer drinks to combat the heat and stay hydrated. 

Chaas Chaas is basically curd that’s 
blended with some water and 
spices in an earthen pot to make a 
frothy liquid for a cooling effect. 
Known as buttermilk, chaas is a 
popular Indian coolant that 
doubles up as a thirst quencher 
as well as aids digestion. 

 
Lassi Famous as a north Indian 

delicacy, this yummy summer 
cooler is made with fresh curd 
that is sweetened or kept salty. It 
is a protein-rich drink which is 
sometimes seasoned with spices 
that have cooling properties. 
Lassi is a thicker drink that is 
milkier in texture compared to 
chaas. 

 
Nimbu Pani This simple and effective 

beverage is popular across India 
for its refreshing quality. A rich 
source of vitamin C, B and 
minerals like calcium, 
phosphorus, proteins and 
carbohydrates, this drink makes 
for an excellent energy source. 
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Jaljeera A mix of water and cumin 
(Jeera), this drink is a popular 
beverage famous for its cooling 
properties. It also acts as an 
appetiser because of its digestive 
properties. This beverage is 
mostly tangy or spicy depending 
on the spices (black pepper, mint 
and fennel) added to it. 

 
Thandai Mostly prepared during festivals, 

this milk-and-spices mix is a 
great cooler too. This drink is 
prepared by mixing together 
milk, almonds, rose water, and 
cardamom powder along with 
saffron that adds to its flavour. 
True to its name, this drink has 
fantastic cooling properties. 

 

Masala Milk Prepared by boiling milk and dry 
fruits together till the milk 
thickens, this beverage when 
cooled, makes for an excellent 
summer drink. It is filled with the 
goodness of nuts and dry fruits 
and is high on energy. So, it can 
be had as a meal in itself. 

 

Sugarcane Juice A popular drink found on the 
streets, ganna or sugarcane juice 
is a budget-friendly and easily 
accessible drink, readily available 
throughout the year. But the 
demand for this beverage 
increases in summer when a 
glassful of cold ganna juice 
awakens your senses and helps 
you go through the rest of the 
day with ease. 
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Sherbats Sherbats are popular in Indian 
households and are often 
prepared to welcome guests with 
courtesy. Traditional, Indian 
sherbets like khus, kokum and 
amla are also effective coolants. 
Roohafza a popular rose sherbet 
has become synonymous with 
Indian households as a summer 
drink. Even gulaab sherbat is 
popular during the sunny days. 
Another popular summer sherbat 
is Bel ka sherbet. Bel, or wood 
apple, is a fruit that’s fibre-rich 
and stocked with minerals and 
vitamins. The fruit is cracked 
open and the pulp is removed, 
sieved and mixed with water to 
make a nourishing drink  

Aam ka Panna A drink made with fresh, raw 
mangoes that are abundant in 
this season aam ka panna as it’s 
popularly known is a popular 
summer drink. A light green-
coloured beverage, this sweet 
and sour drink has an assortment 
of spices that enhance its flavour. 
Also a rich source of vitamin C, it 
helps increase the body’s 
resistance against tuberculosis, 
anaemia, cholera and dysentery. 

 
Badam Doodh Almond milk is another popular 

summer drink that is made by 
grinding almonds. They are rich 
in minerals, fibre and vitamin E 
and is beneficial for the body in 
many ways. 
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Mastani Originating in the city of Pune, 
mastani is a sort of milkshake 
that is thick and creamy. It is 
topped with a handful of dry 
fruits and nuts. This cool drink 
can be a complete game changer 
on a hot sunny day. 
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Introduction 

Antioxidants are naturally occurring chemicals in foods that help to counter the detrimental effects of oxygen free radicals, 

which form during normal metabolism and through external factors such as x-rays, ultra-violet radiation and pollution. 

Antioxidants are phytochemicals, vitamins and other nutrients that help to protect our cells from FREE RADICALS. 

Antioxidants are absolutely critical for maintaining optimal cellular and systemic health and well-being. They are nature's way 

of fighting off potentially dangerous molecules in the body. 

Free radical molecules are missing one or more electrons, and this missing electron is responsible for biological oxidation. The 

incomplete molecules aggressively attack other molecules in order to replace their missing parts. These reactions are called 

"oxidation" reactions. To balance out these unruly molecules, the body also creates antioxidants, which have the sole purpose 

of neutralizing free radicals. 

Free radicals are harmful molecules that can cause damage or death to cells in the body. Every day tens of thousands of free 

radicals are generated within the body, causing cell damage that can lead to chronic and degenerative diseases if left unchecked. 

The body sometimes creates its own free radicals in order to destroy viruses or bacteria. The role of antioxidants is to neutralize, 

or “stop,” free radicals from doing damage to your body. 

The Following is a List of Different Kinds of Antioxidants and Foods that are High in Each. 

Antioxidants Foods 

Allium sulphur compounds Leeks, onions, garlic  

Anthocyanins Eggplant, grapes, berries  

Beta carotene Pumpkin, mangoes, apricots, carrots, spinach, parsley  

Catechins Red wine, tea  

Copper Seafood, lean meat, milk, nuts, legumes  

Cryptoxanthins Red peppers, pumpkin, mangoes  

Flavonoids Tea, green tea, red wine, citrus fruits, onion, apples  

Indoles Cruciferous vegetables such as broccoli, cabbage, cauliflower  

Lignans Sesame seeds, bran, whole grains, vegetables  

Lutein Corn, leafy greens (such as spinach 

Lycopene Tomatoes, pink grapefruit, watermelon  

Manganese Seafood, lean meat, milk, nuts  

Polyphenols Thyme, oregano  

Selenium Seafood, offal, lean meat, whole grains  

Vitamin C Oranges, berries, kiwi fruit, mangoes, broccoli, spinach, peppers  

Vitamin E Vegetable oils, nuts, avocados, seeds, whole grains  

Zinc Seafood, lean meat, milk, nuts  

Zoochemicals Red meat, offal, fish 

Important Benefits of Antioxidants Include 

1. Repairing damaged molecules: Some unique types of antioxidants can repair damaged molecules by donating a hydrogen 

atom. This is very important when the molecule is a critical one, like your DNA. 
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2. Blocking metal radical production: Some antioxidants have a chelating effect – they can grab toxic metals like mercury and 

arsenic, which can cause free radical formation, and "hug" them so strongly to prevent any chemical reaction from taking place. 

Water-soluble chelating agents can also escort toxic metals out of your body through your urine. 

3. Stimulating gene expression and endogenous antioxidant production: Some antioxidants can stimulate your body's genes 

and increase your natural defenses. 

4. Providing a "shield effect": Antioxidants, such as flavonoids, can act as a virtual shield by attaching to your DNA to protect 

it from free radicals’ attacks. 

5. Promoting cancer cells to "commit suicide": Some antioxidants can provide anti-cancer chemicals that halt cancer growth 

and force some cancer cells to self-destruct (apoptosis). 

 

Other Benefits of Eating Antioxidant Rich Foods 

1. Support kidney function 

2. Improve reproductive function 

3. Maintain good dental health 

4. Have anti-ageing effect- Apricots, Cantaloupe, Lemon, Pecans, Almonds, Sunflower seeds 

5. Improve nervous system functioning 

6. Support the immune system & improve defence power of the body 

7. Protect the liver 

8. Reduce obesity 

9. Maintain healthy vision 
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10. Offer protection against digestive disorder 

11. Improve quality of sleep 

12. Support respiratory system 

13. Fights against cholesterol – Beans 

14. They fight against cancer – Cranberry, Raspberry, Pomegranate 
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Diabetes 

Diabetes is a disorder of carbohydrate metabolism, normally occurring in genetically predisposed individuals, characterize by 

insufficient production or utilization of insulin and resulting. In excessive amounts of glucose in the blood and urine, excessive 

thirst, weight loss, and in some cases progressive destruction of small blood vessels leading to many complications like 

infections and gangrene of the limbs, blindness, memory loss, kidney diseases etc. Treatment of disease with herbs detoxifies 

and strengthens the body with a change in diet and lifestyle. 

Some of the Most Medicinal Herbs for Diabetes 

1. Fenugreek (Trigonella foenum) 

a. During the process of digestion, amino acids present in Methi reduces the rate of sugar absorption from stomach 

and helps in making insulin by acting upon pancreatic cells. 

b. Fenugreek is found in many parts of the world like India, Africa, England etc as a semi-arid cultivated crop. 

c. It is a common household name known very well for its flavor and rich aroma. 

2. Basil (Ocimum sanctum) 

a. Basil or commonly known as Tulsi is an excellent antioxidant which lower the blood glucose level by increasing the 

insulin sensitivity. 

b. One can take either juice out of it every morning in empty stomach or can chew 3 to 4 leaves as it is for better results. 
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3. Aloe vera:  

a. Aloe Vera detoxifies our body when taken every morning in empty stomach. 

b. Aloe Vera juice daily before meals helps you to control the blood sugar level which in turn keeps you free from 

diabetes. 

4. Indian goose berry (Emblica officinale): 

a. This is a special ayurvedic herb or medicine to enhance the immune system and therefore preserve the health and 

wellbeing of people. 

b. Indian goose berry is a rich source of vitamin C and has strong antioxidant in it. 

5. Salacia (Salaia oblonga): The plant contains compounds which are known to regulate the absorption of glucose and 
reduce sugar level. Available abundantly in India, this herb is known for its contribution in the treatment of diabetes. 

6. Ashwagandha (Withania somniferra) 
a. As it is said that stress also contributes to develop diabetes so ashwagandha has been proved really effective in 

lowering blood sugar in the blood. 
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b. Ashwagandha (Withania somniferra) – Ashwagandha relieves stress and anxiety with anti-inflammatory properties 

and acts as a Rasayana to provide strength to body. 

7. Bilwa patra (Aegle marmelos) 

a. Bilwa is known by bael commonly. A powder from dried leaves of bilwa patra is used to control the increased blood 

sugar naturally. 

b. Bilva has the properties of reducing blood sugar and abating excessive urination in the blood. It is also known to cut 

off extra body fat. 

 

8. Indian Barberry (Berberis aristata) 

a. Along with other useful herbs for diabetes it works fantastic to lower down the blood sugar. It is also used widely 

in many skin disorders. 

b. It is a very famous ayurvedic herb since the times of Vedas. Powder from grinded roots of the herbs pumps more 

insulin in the body and act as channel opener. 

9. Neem (Azadirachta indica) 

a. It has immunomodulatory, anti-inflammatory, antihyperglycaemic, antiulcer, antimalarial, antifungal, antibacterial, 

antiviral, antioxidant, antimutagenic, antidiabetic and anticarcinogenic properties.  

b. Neem makes an excellent ingredient for diabetes herbal formulations. 

c. Neem is well known for its valuable medicinal properties and health benefits. 
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10. Jambul (Syzygium cumini) 

a. The seeds of jamun or jambul make an effective medicine against diabetes and their powder is widely used in India 

to control diabetes. 

b. Jamun fruits are a good source of iron and are said to be useful in the troubles of heart and liver. 

 

11. Garlic (Allium sativum): Garlic is another natural herbal remedy for diabetes. It contains allicin, which helps in reducing 

the sugar level in the blood. It also brings about the disintegration of cholesterol in the body. 
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Introduction 

Marigold (Tagetes spp. Linn.) belongs to the family Asteraceae and it has different 33 species viz., T. erecta (African marigold), 

T. patula (French marigold), T. tenuifolia and T. minuta, out of which the first two species have been grown very widely 

commercially in different agroclimatic conditions, whereas the last one has been grown in colder regions only. Because of the 

ease of cultural practices, wide adaptability, long duration of blooming period, having excellent keeping quality and attracting 

coloured flowers, it has become one of the most popular flower crops. 

T. erecta (African marigold)      T. patula (French marigold) 

General Uses 

It is especially used for garlands, in worship and decoration. This hardy annual ornamental flowering plant is used as pot 

plant, bedding and border plants in the landscape. Due to seasonal crops, required short period for its cultivation, it is 

conveniently grown as a part of a multi-crop system, rotated with other agricultural and horticultural crops. It is also grown 

as a mixed crop with early period of orchard plantation and on the borders with other plants (e.g. Okra, Tomato, Brinjal, Rice, 

etc.) providing beneficial effects to the latter. The plant has also some resistance to salinity, water stress and other adverse 

conditions. 

Uses for Value Addition 

Presently scientists have identified marigold plants as a potential source for production of eco-friendly natural products and 

pharmaceutical compounds. An important use of excess and off season produces for value addition through product 

diversification such as use of flowers for pigment extraction, meal production, natural colour dyes, oil extraction from leaves 

and flowers, etc. can help the farmers to getting maximum farm income.  Now a day’s many industries are interested in 

marigold cultivation owing to its potential in value addition. 

Uses of Carotenoids 

Protective function against damage by light and oxygen, Provide bright colouration, Antioxidants, Source for Vitamin-A, 

Prevention of or protection against serious human diseases viz., cancer, heart disease, macular degeneration, cataracts and 

dermatitis. 

Uses of Terpenoids 

Antioxidants, Protect lipid, blood and other body fuid from harmful free radicals. viz. single O, hydroxyl, peroxide and 

superoxide. Anti-tumor properties. 
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Use of Flavonoids 

Active ingredients quercetin. hesperetin, naringenin. Anti-oxidative, anti-carcinogenic and enzyme inhibiting activities, anti-

inflammatory activity, effective in cholesterol metabolism. Flavonoids contents in different varieties of T. erecta and T. patula:   

9-22 %. 

Value Added Poultry Food 

Carotenoids are the major source of xanthophylls pigment for poultry food. The pigment is used in food to intensify yellow 

colour of egg yolks and skin of laying hens. A dry petal of marigold flower contains about 90% carotenoids mostly compound 

of esters xanthophylls (Lutein). The petals are dry in such conditions that maximum carotenoids retain in them. These dry 

petals are finely ground in powder form and added in to the poultry food. Such types of food containing carotenoids, intensify 

the orange colour of egg yorks and skin of laying hens. 

Natural Colour Dye Used as Food Additives 

For 20 years of markets, it is very common practices to used natural colour-dye made from carotenoids to colouring of food. 

With an increasing standard of living in many industrialized countries, consciousness about the health is on the rise, which 

drived the market to use natural products beneficial to health. In India and Pakistan, the African marigold flowers are used as 

a source of a yellow cloth dye known as “egandai” or “gendia” It is used extensively in-home dye, especially among the poor. 

With chemical mordants like Alum-p., Chrom-p., Copper-p, it gives bright colours. At present, because of people’s trend 

toward natural and eco-friendly life style, the world over the big share of synthetic colours is gradually replaced by natural 

colour. The world total share on natural colour sources (marigold, annatto, etc) from plants amounts to 1290 tonnes worth US 

$ 4100 million, Counties like Peru, Gautamala, Brazil, Ghana, Domician Republic export more than 80 per cent, whereas Indian 

share is below 1000 kilograms of world trade in natural colours. USA and European countries are the major consumers of 

marigold products. African countries (Ghana and Zambia) are exporting marigold meals to these countries which are being 

used for the production of natural colours and food additives. The lutein of the flower petals of African marigold is the source 

of carotene for colouring food products. 

Pharmaceutical Uses 

Marigold petals also have characteristics of anti-fungal, anti-bacterial and anti-inflammatory activities and these can be utilized 

for production of creams. Skin creams made from marigold petals are available in Western market. One can find many 

references for using marigold as an antiseptic agent. Marigold extract is also used as an anti-oxidant in pharmaceutical 

industries. 

Some of the Diseases Where it is Used for Are Given Below 

Aine, Canner, Flu, Skin ulcers, Ageing, Chicken pox Healing agent, Toothaches, Athlete’s foot Earache, Pyorrhea, Ulcers, Bee 

stings, Fever, Skin health, Varicose veins. 

Marigold is chiefly used as local remedy. It acts as a stimulant and diaphoretic. It has been reported that a marigold flower 

rubbed on the affected part, is good remedy for the pains and swelling caused by the Bee or Wasp sting. A lotion made from 

the flowers is most useful for pains and wounds. Water extracted from petals is good for inflamated and sore eyes. Lutein acts 

as the molecular region of retina and prevent the ocular degeneration. Carotenoids also protect eyes from long term damage 

by light which can lead to a progressive condition known as age related macular degeneration (AMD). Marigold is very 

versatile, speeding the healing of wounds, making the skin supple by increasing blood supply to it and soothing pain. Lutein 

protects artery clogging and appears to help the heart. The purified extract of marigold petals containing lutein dipalmitate 

has been reported as an opthalmagic agent under the name “Adptionol”. 

Herbal and Nutritional Products 

Revolutionary breakthrough in age-defying supplementation is a scientifically advanced formula designed to help restore 

deteriorating vital substances in the body and increase cell vitality which is lost as we age. Such formulas contain bioperine, 
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marigold extract, preguenolone and powerful combination of targeted coenzymes, micronutrients and anti-oxidants. Marigold 

support both skin and connective tissue nutritionally. It is good for energy, mood swings, strengthening the immune system 

and general healing. 

Essential Oils and their Products 

Marigold oil has a sweet, fruity almost citrus like fragrance and is yellow to redish-amber in colour. It is medium in viscosity 

that turns thick and even get solidity if expose to air for some time. The essential oils have been found applications in variety 

of commercial goods. They are basic row materials for perfume, flavour and cosmetics industries. They are used in wide range 

of products like soaps, detergents, cosmetics, disinfectants, deodorant, mosquito repellants, flavorants of food, soft and hard 

drinks, pharmaceutical, etc. Tegetes minuta (Wild marigold) contains essential oil of superior quality with high recovery which 

range from 0.20 to 0.35 percent. The average yield of oil 50-60 kg per hectare.  The price of oil is also very high ranging from 

5000-6000 Rs/kg. In Africa it is known as “Khakibush” and also grown in France and North America. The countries like France, 

Kenya and Australia are the main marigold oil producer in the world. In North-West Himalayan region of India, Tagetes 

minuta has been found in wild as natural form. Marigold oil extracted from leaves, stalks and flowers which picked when the 

seeds are just starting to form. The main chemical components of this oil are Tagetone, Limonene, Valeric acid and Ocimene, 

etc. It contains properties of anti-infections, anti-microbial, anti-biotic, anti-spasmodic, anti-parasitic, insecticides and sedative. 

In Perfumery Industry 

Marigold oil is used extensively in French perfumes. It has been found that marigold oil is most valuable and precious for using 

in high grade perfumes and cosmetics. The oil is used in compounding high grade perfumes. Keones found in high 

concentration in marigold oil are the base material for synthesis of valuable aroma chemicals. 

Medicinal Uses of Oil 

Marigold oil is useful in cases of skin infections and has healing effect on wounds, cuts, calluses and bunions. It can also be 

useful for treating respiratory system. In vapour and aroma therapy marigold oil can be helpful in reducing coughs, bronchitis, 

chest infection and release of mental tension and depression. As a blended massage oil or diluted in bath, could be assist in 

healing parasitic and fungal infections. This oil is very powerful and should be used sparingly. It should be avoided during 

pregnancy and not used on a sensitive skin as it may cause photosensitivity (dermatitis). 

Therapeutic Uses 

Carotenes are source of Vitamin-A. Vitamin-A (beta-carotene) acts as an anti-oxidant. With vitamin-C and vitamin-E, it helps 

to neutralize potential cell damage by molecules called free radicals. The extracted juice of marigold petals when heated with 

equal quantity of ghee is given thrice daily as a remedy against bleeding piles. Flower extract in internal application purifies 

blood. The juice extracted from the leaves is used for getting relief from boils, car-bunches and ear-aches. Marigold is also an 

antiseptic used against psoriasis, athlete’s foot, acne, and diaper rash and ring worm. 

As Insect Repellents 

A good insect repelling property are found in the roots, leaves and flowers of marigold and often seen juvenile hormonal effect 

on native ants, flies and mosquitoes.  Therefore, marigold oil is being used on industrial scale for formulation of insect 

repellents. 

Nematicidal Uses 

Different species of marigold have been reported by many scientists to functions as bio-protecting agent plants against various 

nematodes spp. and insect and pests. It is used as a nematode trap crop. Marigold plant is a source of Thiophenes which are 

sulfurous heterocylic compound derived from polyactylenes which may be stored in plant tissues. Thiophenes act as toxins 

that are activated by sun light or UV radiation killing pathogens such as nematodes, insects, fungus and bacteria. Many types 

of thiophenes (BBT, BBTOH, BBTOAc, a-T, etc.) are present in marigold species like T. patula, T. minuta, T. erecta, T. multiflora, 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            792 | P a g e  
 

etc. Their concentration in a plant very according to species, stage of plant development and vegetative organs. African 

marigold (T. erecta) contained a-T (a-terthienyl) in a range of 15-21 mg/kg in fresh petals extracted by methanol. 

Conclusion 

New trend of natural and eco-friendly life style, applications of naturally occurring biodegreble phytochemicals in 

pharmaceuticals, food colourants, and pesticides are increasing. Marigold (Tagetes spp.) must be considered as valuable 

bioresource. The major bioactive phytochemicals in marigold are carotenoids, terpenoids and flavonoids. India possessing an 

ideal agro-climatic condition for year-round production of marigold and has a tremendous potential to expand the area under 

marigold cultivation and diversify in to value added products utilized in medicine, food additives, perfumery and pesticide 

sectors. 
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Abstract 

India is an ecologically rich and diverse country, where major occupation belongs to agriculture and allied sectors have faced 

several problems for sustaining the livelihood of the farmers. As the number of small and marginal farmers is increasing, the 

sustainability issue of these small holding farms has also picked a point of discussion. Farmers being focal point of agriculture 

needs to be provided different parts of technological based solutions to major farming problems. 

Introduction 

Agriculture and allied sector continue to be pivotal to the sustainable growth and development of the Indian economy. Not 

only does it meet the food and nutritional requirements of 1.3 billion Indians, it contributes significantly to production, 

employment and demand generation through various backward and forward linkages (GoI, 2016). Agriculture is a 

multifaceted enterprise comprising of millions of small and marginal farmers in India (Kumar et al., 2017). In India small and 

marginal holding farmers cultivate around 44 per cent of the area, and they produce around 60 per cent of the total food grain 

production (49% of rice, 40% of wheat, 29% of coarse cereals and 27% of pulses) and over half of the country’s fruits and 

vegetables production (Agricultural census, 2014). The declining total factor profitability and increasing risk is being 

considered as major challenges in improving the livelihoods of the farmers in India (Kumar et al., 2019). Indian agriculture 

needs a transformation with certain focus on delivering the thing to most of farmers to achieve the sustainability. With the 

growing different issues, some of the sector wise strategies are discussed below: 

1. Seed: Seed is the heart of agriculture and a good quality seeds makes a good crop resulting in high yield and better quality 

for better economic growth. Use of good quality seeds can enhance the productivity by 15-20%. As projected target of total 

food grains production in 2030 is 330 million tonnes, needs to be supply high quality seeds, which will express full potential 

yields under favorable cultivation environments. 

2. Soil and crop health: Soil is the key to ecosystem functions, which supports the production of food, forestry products and 

human health. Maintaining the soil health is a major challenge, while imbalance use of fertilizers and pesticides application 

hasa deteriorated the soil health. In this regard safe and balance use of fertilizers based on soil health card data has been one 

of the options to maintain the soil health. During the period of 2019-2019 (till 1st October) more than 10.5 crores soil health 

cards has been issued. Use of organic manures has produced good and quality crops for consumption. This leads to maintain 

the good crop health in almost all agro-ecological situations. 

3. Water management and watershed development on participatory mode: Coming to the most prolific input for agriculture, 

water plays an important role in crop production. Reducing the flood irrigation, focus has been shifted towards the less and 

efficient use of water, the adoption of drip irrigation along with precision farming has emerged as one of the viable options for 

water conservation. For catching the rains, the development of watershed approach on participatory mode has conserved the 

rain water for supplying throughout the year for irrigation purpose. 

4. Organic farming for sustainable agriculture: In the recent years, focus has been shifted towards quality food products and 

reducing the externalities in farming. Organic farming has proved to be a way of sustaining the livelihood by using locally 

available inputs. The demand of safe and quality produce has been promised in this farming. For conserving the natural 
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resource base, the sustainable agricultural practices have shown the determination for quality and yield with minimal use of 

inputs. 

5. Agricultural Marketing: Volatility in agricultural products prices is not good for farmers and consumers. Some vital areas 

need to be focus like direct marketing structure, contact farming, e-trading through digital platform of e-NAM, Single trading 

license, and regulation local through APMC. The rates of minimum support price (MSP) need to be revised according to cost 

structure. Infrastructure like, PDS, MDM, ICDS must use local crops as far as possible. Import policies need to interface the 

planning process. 

6. Agricultural Extension: In the terms of reaching the unreached the quality of extension experts needs to be strengthened 

and their capacity in terms of knowledge and skills. Extension played a crucial role in green revolution; shift should be focus 

on agri-inputs and entrepreneurial options in major sectors. Different ICT media should be used extensively and reaching the 

last mile of farmers. Good and successful cases need to be documented for easily spread of technologies.  

7. Doubling the farmers’ income: The paradigm shift of increasing the income and sustaining the livelihood of farmers, the 

concept of doubling the farmers income has been truly developed in most of the states including agriculture and allied sectors. 

Focusing on sectorial growth of agriculture need to be justified and documented as models for other farmers. In another, Prime 

minister also told about the four-point agendas of reducing cost of cultivation, ensuring profitable prices, processing farm 

wastes and creating non-farm sources of income. Area and crop specific soil and farmer friendly models have to be developed. 

Conclusion 

Farmers need to be focus on intensive cultivation of crops along with maintaining the health of the soil. In that respect organic 

farming is a viable option to sustain the livelihood and nutritional requirement of human. But still there is a debate on the topic 

of organic farming to feed the huge population of country alone. Different ICT based initiatives should reach to the ground 

and effective delivery of information. 
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Introduction 

Sesame (Sesamum indicum L.) belonging to the order tubiflorae, family Pedaliaceae, is a herbaceous annual plant. It is also 

known as gingelly, til, benne seed and popularly as “Queen of Oilseeds” due to its high degree of resistance to oxidation and  

rancidity. Historically, sesame was cultivated more than 5000 years ago as a drought-tolerant crop and was able to grow where 

other crops failed. Sesame seeds were one of the first crops processed for oil as well as one of the earliest condiments. Sesame 

was cultivated during the Indus Valley Civilization and was the main oil crop. It was probably exported to Mesopotamia 

around 2500 BC. According to Assyrian legend, when the Gods met to create the world, they drank wine made from sesame 

seeds. These seeds were thought to have first originated in India and were mentioned in early Hindu legends. In these legends, 

tales are told in which sesame seeds represent a symbol of immortality. The world produces about 3 million tons of sesame 

seeds every year. Myanmar, India, China, Sudan, and Tanzania are the key producers accounting for 70% of the total 

production. Among the important oilseed crops widely grown in the world such as rapeseed, peanut, soybean, sunflower, 

sesame (Sesamum indicum L.) provides one of the highest and richest edible oils (Pathak et al., 2014). The main reason for their 

popularity is that they have many health-promoting nutrients and elements. Sesame seed is a reservoir of nutritional 

components with numerous beneficial effects along with health promotion in humans. 

Nutritional Interventions (Or) Nutrition Profile of Sesame 

Sesame oil is highly stable and rarely turns rancid in hot climates. Sesame seeds contain almost 18% proteins and among the 

fatty acid compositions, oleic acid (39.6%) and linoleic acid (46%) are the two main components with the ideal ratio of almost 

1:1 (Anilakumar et al., 2010). Sesame seed contains 50-60% of high-quality oil which is rich in polyunsaturated fatty acids 

(PUFA) and natural antioxidants, sesamin, sesamolin and tocopherol homologs. Sesame seed also contains lignan aglycones in 

oil and lignan glucosides. Sesame seed is high in protein, vitamin B1, dietary fiber as well as an excellent source of phosphorus, 

iron, magnesium calcium, manganese, copper and zinc. The bioactive components present in the seed include vital minerals, 

vitamins, phytosterols, polyunsaturated fatty acids, tocopherols and unique class of lignans such as sesamin and sesamolin.  

Tocopherols and phytosterols provide defense mechanisms against reactive oxygen species and increases keeping quality of 

the oil by preventing oxidative rancidity. 

Sesame Farming Benefits 

1. It is well adapted to harsh environments and constitutes an alternative cash crop for smallholders in developing countries. 

2. It has excellent disease and insect tolerance 

3. Sesame in a crop rotation reduces nematodes in the soil 

4. Deep taproot may reach and utilize nutrients and moisture below the root zones of other crops 

5. Excellent drought and heat tolerance – it thrives where other crops fail. 

6. Sesamin, one of the major components of lignan of sesame seeds, has received a great deal of interest regarding its potential 

as a hypocholesterolemic agent, especially after the positive results reported by Hirata et al. (1996) in humans.  

7. A clear hypocholesterolemic effect elicited by sesamin (alone or in combination with vitamin E) was reported in studies 

conducted in rats. (Kamal eldin 2000) 

8. The crop includes antioxidative, anticancer, antihypersensitive and tumor suppressive properties. 
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Medicinal Properties of Sesame Seeds and Health Issues 

1. Sesame seeds also contain two unique substances: sesamin and sesamolin known to have a cholesterol-lowering effect in 

humans and to prevent high blood pressure. 

2. Sesame oil is also known to maintain high density lipoprotein cholesterol (HDL) and lower low density lipoprotein 

cholesterol (LDL). 

3. Sesame oil absorbs quickly and penetrates through the tissues to the very marrow of the bone. It enters into the bloodstream 

through the capillaries and circulates. The liver does not sweep sesame oil molecules from the blood, accepting those molecules 

as friendly (Chakraborthy et al., 2008).  

4. Sesame oil helps joints keep their flexibility. It keeps the skin soft. It heals and protects areas of mild scrapes, cuts and 

abrasions. It helps tighten facial skin, particularly around the nose and controls the usual enlargement of pores as skin ages. 

Sesame oil helps control eruptions and neutralizes the poisons that develop both on the surface and in the pores. 

5. Sesame oil is used after exposure to wind or sun to calm the burns. It nourishes and feeds the scalp to control dry scalp 

dandruff and to kill dandruff causing bacteria. It has been successfully used in the children’s hair to kill lice infestations. It 

protects the skin from the effects of chlorine in swimming pool water 

6. Sesame oil is mildly laxative, emollient and demulcent. Sesame seeds and fresh leaves are also used as a poultice. oil has 

wide medical and pharmaceutical applications.  

7. Sesamin has been found to protect the liver from oxidative damage. Sesame oil has been found to inhibit the growth of 

malignant melanoma in vitro and the proliferation of human colon cancer cells (Smith and Salerno, 1992).  

8. It is naturally antibacterial for common skin pathogens such as Staphylococcus and Streptococcus as well as common skin 

fungi such as athlete’s foot fungus. It is anti-viral and anti-inflammatory.  

9. Rinsing of mouth with sesame oil, resulting in an 85% reduction in the bacteria which causes gingivitis.  

10. As nose drops, sniffed back into the sinuses, sesame oil has cured chronic sinusitis. As a throat gargle, it kills Streptococcus 

and other common cold bacteria.  

11. In Ayurvedic medicine, sesame oil is used for massaging as it is believed to rid the body of heat due to its viscous nature 

upon rubbing. 

12. It helps sufferers of psoriasis and dry skin ailments. It is a useful natural UV protector. 

Food and Industrial Uses of Sesame Seeds 

1. There are many foods with sesame as an ingredient. Europeans use it as a substitute for olive oil. Sesame oil is an excellent 

salad oil and is used by the Japanese for cooking fish. these seeds are washed, dried and used on hamburger buns.  

2. Aqua hulled sesamum seeds stick to the bun and maintain a white color after baking. Nearly 35% of the imported crop from 

Mexico is purchased by McDonalds to pre-pare sesame seed buns.  

3. In Greece, seeds are used in cakes, while in Togo and Africa the seeds are a main soup ingredient. Refined sesame oil has 

antioxidant properties allowing for its greater shelf-life for use in the food industry. 

4. Roasted sesame oil resists rancidity due to the antioxidants formed during seed roasting and the particular roasted sesame 

flavor improves the taste of fried products.  

5. A solvent in injected drugs or intravenous drip solutions,  

6. A cosmetics carrier oil, coating stored grains to prevent weevil attacks. 

7. The oil also has synergy with some insecticides.  

8. Low-grade oil is used locally in soaps, paints, lubricants, and illuminants 

Future Scope 

Sesame plant being easy to grow is well suited for cultivation in crop rotation. The plant contains high oil. This produce is not 

only in use for culinary purposes, but also in various applications such as industrial, engineering, and pharmaceutical. The 

ethnobotanical and medicinal uses of this commercially important, nutritionally rich oilseed need to be explored for better 

utilization. Sesamin possesses the capacity to increase the fat burning process and decrease the storage of fat in the body by 
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modifying the gene expression of the fatty acid oxidation enzymes. It has a potential application in the development of 

nutraceuticals for weight reduction. Sesame seed oil as a viable alternative to the diesel fuel. 
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Introduction 

Water scarcity is the major challenge in this 21th century. With the increasing population large amount of water is required for 

food production and other urban and industrial usage as very small proportion (2.5%) of total available water on earth is fresh 

water which is accessible to us. So, it is important to emphasize on strategies for improving water productivity. Adoption of 

modern and advanced water utilization techniques can overcome this problem. Whereas in areas with less water availability 

particularly in arid and semi-arid areas, cultivation of horticulture crops can give fruitful results as compared to agriculture 

crops because of their wider adaptability, hardiness to drought and other biotic and abiotic stress and less water requirement. 

Water requirement in horticulture crops different growth stages which allows pre planned irrigation scheduling with better 

utilization of water. Proper knowledge of soil moisture status, water requirement of the crop and availability of irrigation 

method can give fruitful results. Apart from this, water conservation strategies such as mulching, micro-irrigation, ex-situ and 

in-situ water harvesting techniques can also enhance water productivity in horticulture crops. 

Water Use Efficiency (WUE) and Water Productivity 

In the conventional system of irrigation, i.e. flooding, check and ring basin, furrow, border irrigation only about 25-30% water 

is actually used by plant while rest of the water gets loss through various means because these systems are revolves round the 

concept of replenishing the moisture level to field capacity (FC) after 50% to 60% depletion. Water use efficiency is an important 

aspect for improving water productivity. Water-use efficiency (WUE) is the ratio between effective water use and actual water 

withdrawn. Crop water productivity means raising crop yields per unit of water consumed. The improvement of water 

productivity reduces water requirement in terms of providing unit energy, unit protein and other nutrients as well as economic 

returns. Better irrigation scheduling and enhancing irrigation efficiency through efficient application methods are the two 

approaches for increasing the water productivity. 

1. Irrigation scheduling: Appropriate irrigation scheduling increases water use efficiency in horticulture crops. According to 

phonological stages of growth, a differential irrigation scheduling avoids both deficit and excess water stress during critical 

stages and thereby enhancing yield. Giving one or two irrigation to crop at critical stages of water stress during its growth cycle 

is mostly recommended in dry land/arid horticulture. The water requirement of banana is less at early  initial stages of 

development (50% ER), higher water during its grand growth period (80% ER), a decrease in water requirement at flower 

emergence stage (40% ER) again higher water needed as fruit development takes place rapidly (80% ER) and then again lower 

water need as fruit approaches maturity (40% ER).  

2. Efficient Irrigation method: Sustainable horticulture demands efficient water use. With proper designing of irrigation 

systems, water losses can be reduced to 5-20%. This can be done for both surface irrigation methods as well as pressurized 

irrigation methods. Although normally the efficient irrigation methods are equated with pressurized irrigation methods, but a 

properly designed surface irrigation method either check basin or furrow can ensure 75-85% application efficiency. Micro 

irrigation holds a promise for enhanced water use efficiency. Application efficiency of micro irrigation is typically high because 

these systems distribute water nearly or directly into the plant root zone, thus water losses from wind drift and evaporation 

are too small. The advantages of micro irrigation over conventional methods of irrigation include: reduced water use, ability 

to apply fertilizers with irrigation, precise water distribution and reduced foliar diseases. Drip irrigation or more broadly 

known as micro irrigation is mainly suited for orchard and plantation crops where it saves 30-70 per cent irrigation water and 

increase yield by 25-80 per cent. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            799 | P a g e  
 

Table: Water productivity enhancement in some Horticultural crops 

S.No. Crop Efficient technique for enhancing water productivity 

1. Arid Fruits Drip irrigation – 25 % saving in irrigation water  

2. Banana Drip irrigation, 30% water saving & 40 % increase in yield  

3. Cashew Crescent bund treatment of terrace increased the soil moisture content by 14.8%. 
Drip irrigation, requirement of water reduced by 66%  

4. Citrus Drip irrigation, requirement of water reduced by 40%  

5. Grapes Mulching and spray of anti-stress combination reduced 25% irrigation requirement  

6. Onion Drip irrigation, 40 % saving in water  

7. Orchid Misting in green house  

9. Plantation crops Drip irrigation, 34% water saving in coconut, arecanut & cocoa  

10. Pomegranate Drip irrigation, saving of water is 50%  

11. Potato Scheduling irrigation at 15-25mm Cumulative Pan Evaporation is optimum for different 
soil type  

13. Temperate fruits Irrigation at 80% ET increased fruit set in apple  
Use of black polythene / dry grass as mulch saved water by 40-70% & increased yield of 
apple  

Water Harvesting 

In arid and semiarid areas where agriculture is totally dependent on rains, rainwater harvesting is a potential tool for efficient 

utilization of water. As majority of areas in arid and semiarid tropics are covered with saline and alkaline soil types, horticulture 

crop production becomes more convenient than cereals or other agronomic crops due to their wider adaptability to varied soil 

types with minimum water requirement. Rainwater harvesting system in these areas can be done by Ex-situ or In-Situ 

conservation method depending on the location specific situation. In Ex-situ moisture conservation, the runoff is diverted and 

stored in a natural or artificial reservoir for later use. This can be achieved through dugout of ponds, diversion bunds, tanks 

for rainwater harvesting. In-situ moisture conservation consists of making storage available in areas where the water is going 

to be utilized. Some water conservation methods such as mulching, deep tillage, contour farming and ridging are often referred 

to as in-situ rainwater harvesting techniques. The purpose of both these methods is to ensure better utilization of rainwater 

Advanced Water Saving Irrigation Strategies 

In the current scenario of water scarcity, the biggest challenge for Horticulture production is to increase ratio between 

sustainable yield and amount of water used for irrigation. Along with the improvement in irrigation managements systems, 

crop physiology and crop management are the two other research areas for dry conditions which should be aimed to increase 

crop water use efficiency. Various studies have confirmed that the deficit irrigation strategy has not only potential to save water 

for irrigation but also to optimize water productivity in horticulture. The term ‘deficit irrigation’ describes optimization of 

water management strategy in which irrigation water is scheduled at certain point of drought stress stage of the crop. Currently, 

two deficit irrigation methods are being used i.e.; regulated deficit irrigation and partial root-zone drying. Both these methods 

are based on the physiological responses of plants to water deficit and water supply, especially the perception and transduction 

of root-to-shoot drought signals. 

1. Regulated deficit irrigation (RDI): RDI technique is based on the principle that plant sensitivity to drought is not constant 

during the growing season and the irregular interval of water deficit during specific periods of plant growth may increase 

water savings and improve yield and quality. The success of Regulated deficit irrigation strategy is based on the timing of the 

water deficit and the degree of the deficit applied to the plants.  

2. Partial root-zone drying: The modify form of deficit irrigation is Partial root-zone drying (PRD) which involves creation of 

simultaneous wet and dry areas within the root zone in such a manner that only one part of the root zone is irrigated in each 

irrigation event, leaving another part to dry to certain soil water content before rewetting by shifting irrigation to the dry side. 

The principle behind PRD is that irrigating part of the root system keeps the leaves hydrated and in a favourable plant water 
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status, while drying on the other part of the root system promote synthesis and transport of so-called chemical signals 

(particularly plant hormone abscisic acid) from roots to the shoot via the xylem to induce a physiological response. 

Soil Management for Water Conservation 

In the dry land areas, out of total precipitation more than 50% of the soil moisture loss occurs through transpiration. Covering 

or mulching the soil surface with reflecting materials can reduce the intensity of water loss by transpiration which generally 

occurs through radiation and wind act on the surface. Water loss through direct evaporation from the soil surface could 

improve the water use efficiency. Covering the soil through organic or synthetic mulches have been proven beneficial especially 

in vegetable crops by increasing the soil moisture conservation, moderating the soil temperature and eliminating the weed 

growth and hence increases the crop yield. Among organic mulches dry leaf, paddy straw, saw dust, dry grass, dry sugarcane 

leaves, coconut husk etc. reduces water evaporation losses.  LDPE and LLDPE plastic films are commonly used for mulching 

as synthetic covering materials. Black colour mulch films are generally preferred for much owing to its twin properties of 

possible down gauging and better puncture resistance. Down-gauging leads to the availability of thinner films at lower cost 

and the puncture resistance and opacity check the weed growth under the film. 

Conclusion 

Increasing crop productivity through efficient water utilization is a huge challenge today. Enhancing marketable yield of crops 

without increasing transpiration, reduction in all possible outflows that do not contribute to crop production and to increase 

the economic productivity of all sources of water, especially rainwater are some of the challenges which needs special attention. 

Meeting this challenge will require developing methodologies and tools for the collection and interpretation of relevant data 

and information. 
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Introduction 

Unlike animals, plants do not have specified cells and an adaptive immune system to defend themselves against pathogens. 

Instead, every living plant cell is generally equipped with the components necessary to detect invading pathogens and produce 

systemic signals at the infection site. The plant basal immune system (PTI) is triggered by microbe-/pathogen-associated 

molecular patterns (MAMPs/PAMPs) and elicitors. PTI provides the first level of induced defense against an invading 

pathogen. This non race-specific basal resistance, together with constitutive physical and chemical barriers, successfully 

prevents most infections from becoming established. To overcome PTI, pathogens have evolved a repertoire of virulence 

effector proteins that are delivered into hosts to suppress PTI. In turn, plants have evolved Resistance (R) proteins, each of 

which recognizes the action of specific virulent effector(s) as a signal of invasion to trigger plant resistance through effector-

triggered immunity (ETI). Natural selection drives the evolution of new pathogen effector proteins and plant R proteins. Both 

PTI and ETI induce stomatal closure and a hypersensitive response (HR), a programmed host cell death (PCD), to limit 

pathogen development. Recent studies have advanced our understanding of plant immunity, and a key player was found to 

be the heterotrimeric G-protein (G-protein). In this, we focus on the role of G-proteins in plant immunity with a particular 

emphasis on G-protein-mediated cell death signalling and G-protein-mediated stomatal closure. 

What is Heterotrimeric G-Proteins? 

The regulatory mechanisms of plant immunity have been extensively explored in yeast, metazoans, and plants. G-proteins are 

highly conserved in eukaryotes, and yeast also contains a major G-protein sensor. The heterotrimeric G-protein complex is 

mainly composed of Gα, Gβ, and Gγ subunits. Classically, the G-protein heterotrimer is activated by cell-surface receptors (G-

protein-coupled receptors, GPCRs) that trigger the Gα subunit of the heterotrimer to release GDP, thus enabling the Gα subunit 

to bind GTP. GTP binding is accompanied by structural rearrangements that disengage the Gβγ interaction and result in 

heterotrimer dissociation. The free subunits then relay signals by interacting with downstream proteins collectively called 

effectors because they “effect” the cellular changes discussed above. G-protein signalling is terminated after the Gα subunit 

hydrolyzes GTP to GDP and the heterotrimer reassociates. Gα proteins provide specificity between GPCRs and effectors, 

amplify signal transduction, serve as a point of signal modulation, and act as timing devices that control signalling life spans. 

Metazoans have hundreds of GPCRs as well as dozens of effectors, modulators, and scaffold proteins that interact with the 

heterotrimer or its dissociated subunits. 

Role of G-Proteins in Activation of Plant Cell Death 

Heterotrimeric G-proteins are involved in transducing extracellular signals from cell surface receptors into intracellular 

effectors. Although plants have only a small number of genes encoding the G-protein subunits, they have been implicated in a 

wide variety of biological processes. The higher plant Arabidopsis has only one G-protein α-subunit (Gα), one β-subunit (Gβ), 

and three γ-subunits (Gγ). However, only two Gγ were found in monocot rice species. Similarly, based on N. benthamiana 

sequence information, it contains a single Gα gene and possibly two Gβ-subunit genes. We previously used virus induced gene 

silencing (VIGS) to investigate the role of Gα, Gβ1, and Gβ2 in N. benthamiana responses to elicitors from fungi, bacteria, and 

oomycetes. In the heterotrimeric protein in N. benthamiana, both the Gα and Gβ2 subunits are related to hydrogen peroxide 

(H2O2) accumulation triggered by elicitors. Only harpin-triggered cell death is compromised in Gα- and Gβ2-silenced plants, 
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suggesting that Gα and Gβ2 play a role in harpin-induced cell death. This suggests that H2O2 plays different roles in cell death 

induced by various elicitors. 

 In Arabidopsis seedlings, phytochrome-dependent cell death is mediated by the heterotrimeric G-protein. In hypocotyls of 

far-red grown seedlings that were subsequently exposed to white light, a heterotrimeric G-protein played a role in 

phytochrome A-mediated signalling, leading to far-red irradiation pre conditioned cell death. The g pα1 mutant showed 

decreased cell death compared with the wild type, while in the Gβ mutant agb1, cell death increased, suggesting that Gα and 

Gβ play antagonistic roles in this cell death pathway. In addition, reactive oxygen species (ROS) mediated this cell death 

pathway. And GPA1 inhibits guard cell photosynthesis and promotes the availability of reactive oxygen species (ROS) in guard 

cells. Moreover, agb1 was more sensitive to H2O2 than wild-type seedlings, indicating that G-protein may play a role in 

seedling susceptibility to H2O2 stress. Heterotrimeric G-proteins regulate cell death, and their diverse roles have been studied 

in various plant species.  

Epidermal cell death in rice is induced by ethylene and H2O2 and accompanied by transcriptional regulation in response to 

pro-death signals. Previous studies have identified G-protein signalling through Gα (D1) as an essential step in epidermal cell 

death signalling. Since no genes encoding G-proteins or G-protein regulatory proteins were transcriptionally controlled in 

dying epidermal cells after treatment with ethylene or H2O2, it says that heterotrimeric G-protein activity is regulated post 

transcriptionally. While cell death rates were strongly reduced in d1, some gene regulation was observed in response to 

ethylene or H2O2, indicating that D1 may act downstream of transcriptional regulation. 

Role of G-Proteins in Mediating Stomatal Closure Signalling 

Regulation of the stomatal aperture in plants controls photosynthesis and water status. Since mature guard cells lack 

plasmodesmata, all solute uptake and efflux must occur via the plasma membrane and vacuole. Historically, stomata were 

considered a passive portal for the entry of pathogenic bacteria, but recent studies have suggested that the stomata play an 

active role in the plant innate immune system. Stomatal closure restricts bacterial invasion, although plant pathogenic bacteria 

can secrete specific virulence factors to re-open stomata, which is an important pathogenic strategy. Moreover, some fungal 

phytopathogens, in addition to bacteria, force entry through closed stomata, whereas others require open stomata to 

successfully penetrate plants. Some fungi and oomycetes can manipulate stomata to facilitate sporulation. Stomatal closure can 

be triggered by biotic (e.g., pathogens, PAMPs, elicitors) and abiotic stresses [e.g., water deficiency, cold, light, abscisic acid 

(ABA)]. Thus, identifying the G-protein subunits that control stomatal closure during PTI is important. All three subunit types 

are expressed in guard cells. Ubiquitous expression of GPA1 throughout plants was confirmed using northern blotting, and 

promoter GUS analyses and reverse transcription-polymerase chain reaction (RT-PCR) results also supported guard cell 

expression. The guard cell expression of G-protein subunits suggests that G-proteins play a role in guard cell signalling and 

stomatal movement regulation.  

Using electrophysiological and pharmacological methods, G-proteins were found to regulate stomatal movements in beans 

(Vicia faba). With the sequencing of the Arabidopsis genome and identification of G-protein encoding genes, the acquisition 

and characterization of mutants lacking functional heterotrimeric G-proteins facilitated direct examination of the roles of 

heterotrimeric G-proteins in the regulation of stomatal movements. Overall, ABA is the best-studied regulator of stomatal 

movements. ABA inhibits stomatal opening and promotes stomatal closure, reducing transpirational water loss. 

Electrophysiological experiments using G-protein modulators, phytohormones, and G-protein mutants have strongly 

suggested that heterotrimeric G-proteins are involved in the regulation of stomatal movements in ABA signalling. And global 

transcriptome found many genes are cross-regulated by ABA and G-protein in guard cells. 

Conclusion 

Heterotrimeric G-proteins play a central role in plant signal transduction. Recently, the direct involvement of G-proteins in 

defense responses has been shown using elegant biochemical and genetic analyses, although the role of G-proteins in plant 

defense signalling remains unknown and a systematic analysis of the genes involved in the pathway has yet to be completed. 

Therefore, combining various genetic, reverse genetic, and biochemical techniques is important to identify receptors, scaffold 

proteins, negative regulators, and to target effectors that will increase our understanding of these plant defense mechanisms. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            803 | P a g e  
 

References 

1. Huajian Z., Zhimou G., Xiaobo Z., and Zhengguang Z., (2012). The role of G-proteins in plant immunity. Landes Bioscience. 

7(10): 1284-1288. 

2. Hematy K., Cherk C., Somerville S., (2009). Host-pathogen warfare at the plant cell wall. Current Opinion in Plant Biology. 

12:406-13.  

3. Gomez L., Boller T., (2000). FLS2: an LRR receptor-like kinase involved in the perception of the bacterial elicitor flagellin 

in Arabidopsis. Molecular Cell biology. 5:1003-11. 

4. Garcia A., Lamotte O., Vandelle E., Bourque S., Lecourieux D., Poinssot B., et al., (2006). Early signaling events induced by 

elicitors of plant defenses. Molecular Plant Microbe Interactions. 19:711-24.  

5. Gohre V., Robatzek S., (2008). Breaking the barriers: microbial effector molecules subvert plant immunity. Annual Review 

of Phytopathology. 46:189-215. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            804 | P a g e  
 

Magnitude of Carbon Sequestration in Indian Soils 

Article id: 23882 

Piyush Choudhary: Ph.D Research Scholar, Department of Agronomy, Rajasthan College of Agriculture, MPUAT, Udaipur- 

313 001 (Rajasthan). 

Mahipal Singh Choudhary: M.Sc Research Scholar, Department of Agronomy, Rajasthan College of Agriculture, MPUAT, 

Udaipur- 313 001 (Rajasthan). 

Hemraj Jat: Department of Soil Science & Agricultural Chemistry, Rajasthan College of Agriculture, MPUAT, Udaipur- 313 

001 (Rajasthan). 

 

The process of transferring atmospheric C into a pedologic / soil carbon pool is called as Soil Carbon Sequestration. As nation 

has progressed, we have been emitting carbon or gases which results in warming globe. This climate change has emerged as 

the leading environmental threat facing the world today. Green revolution notwithstanding the alarming depletion in soil 

organic carbon and increasing the production of major greenhouse gases and enhancing the contamination of ground water. 

Under such situation carbon sequestration plays a key role to conserve natural resources and achieve sustainability in 

agricultural production. 

The potential of soil carbon sequestration in India is estimated at 10-14 Tg C/year for restoration of degradable soils and 

ecosystem. Emission of greenhouse gases is concern of global warming and relative effect on biological life (IPCC, 2001). Soil 

carbon sequestration is a natural, cost effective and environment friendly process. 

Organic Carbon Stock in Soils of India 

Organic carbon (OC) stock in Indian soil was 24.3 Pg based on 48 soil series taking into account of a few major soils. Total 

organic carbon pool in soils of India is estimated at 21 Pg in 30 cm depth. This represents 2.2% of the world. Total Soil Inorganic 

Carbon (SIC) stock in soils of India is estimated at 196 Pg in 1 m depth. 

Carbon Trading 

Carbon sequestration is one of the important mitigation strategies to 

cope with the impact of climate change. The “kyoto protocol” brought 

the mechanism of trading carbon unit as a global mechanism to address 

the issue of reducing emission by various countries to meet the 

mandatory requirement. 

Kyoto Protocol 

The Kyoto protocol is an international agreement which lays down 

targets for industrialize countries to cut their greenhouse emission which 

include CO2, CH4, N2O, HFCs. Accepted by several developed and 

developing countries in 1997.  Australia the latest signatory and USA refuse to sign the convention (world biggest greenhouse 

emitter). 

Carbon Credit 

Carbon credit is a concept that incentivizes countries which reduce their GHG emission and dis incentivizes those who do not 

reduce their GHG emission.  

Under the kyoto protocol each company that shifts to cleaner technologies obtains to it account one credit per ton of CO2 

emission reduction. This credit to the company obtains is called carbon credit. The protocol imposes target commitment up on 

countries that in turn set emission quota on companies in their country. 
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Strategies to Reduce CO2 

Strategies aimed at reducing CO2 in the atmosphere include soil carbon sequestration and tree planting. Other technological 

strategies include developing energy efficient fuels, and efforts to develop non-carbon energy sources. All of these efforts 

combined can reduce CO2 concentrations in the atmosphere and help to alleviate global warming. 

Benefits of Soil Carbon Sequestration 

1. Improve soil structure 

2. Better water use and storage 

3. Buffering against drought and plant heat stress   

4. Less erosion 

5. Improve soil fertility 

6. Improve biodiversity 

7. Healthier ecology 

8. Improve agricultural performance 

Major Constraints for Carbon Sequestration 

A major constraint in adopting conservation tillage and mulch farming in India is the non availability of crop residues for 

returning to the soil. Most of the crop residues are removed from fields for use as a fodder and fuel. Dung is also used as fuel 

for cooking. Thus, adoption of mulch farming techniques is possible only if economic sources of fuel and alternative sources of 

fodder are identified. 

Conclusion 

Soil Carbon sequestration is essential for improving the soil quality to increase agronomic productivity and achieve global food 

security and mitigate climate change by reducing emission of CO2. Important management practices that enhance soil carbon 

sequestration include aforestation, adoption of conservation tillage with residue mulching and use of integrated nutrient 

management to achieve positive nutrient balance. 
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Zeolites are alumina silicates, specifically tecto silicates exhibiting an open three-dimensional structure. They consist of a 

framework of [SiO4]4- and [AlO4]5- tetrahedra, linked to each other at the corners by sharing their oxygen. The pore structure 

is characterized by cages approximately 12Å in diameter, which are interlinked through channels about 8Å in diameter, 

composed of rings of 12 linked tetrahedrons. 

Fig 1: Basic Zeolite Structure 

Nature and Properties of Zeolite 

Zeolites mean ‘boiling stones’ in Greek, because of their ability to froth when heated to about 200°C. Thereafter, zeolites were 

considered as a mineral found in volcanic rocks. Different combinations of SiO44– and Al (OH)36– tetrahedral lead to the 

formation of a three-dimensional framework with pores and voids of molecular dimension. Shape, dimensions and linkage of 

zeolite pores and voids are the key characteristics of zeolite materials. The pores and interconnected voids are occupied. 

Classification of Zeolites 

The zeolites are classified on the basis of Silsica: Alumina ratio and pore diameter.  

1. Classification on the basis of silica: alumina ratio  

a. Zeolites with low Si: Al ratio (1.0 to 1.5)  

b. Zeolites with intermediate Si: Al ratio (2 to 5)  

c. Zeolites with high Si: Al ratio (10 to several thousands) 

2. Classification on the basis of pore diameter 

a. Small-pore zeolites, with 8-member oxygen rings and a “free” diameter of 3-4.5 Å 

b. Medium-pore zeolites, with 10-member oxygen rings and a “free” diameter of 4.5-6 Å 

c. Large-pore zeolites, with 12-member oxygen rings and a “free” diameter of 6-8 Å 

d. Extra-large pore Zeolite, with 14-member oxygen rings and a “free” diameter of 8-10 Å 

Effects of Zeolite on Physical Properties of Soil 

1. Natural zeolites may hold water up to 60% of their weight due to a high porosity. 

2. Water molecules in the pores could be easily evaporated or reabsorbed without damage to such structures. 

3. Zeolites assure a permanent water reservoir, providing prolonged moisture during dry periods.  

4. They also promote a rapid rewetting and improve the lateral spread of water into the root zone during irrigation. 
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Fig 2: Establishment of Vegetation Using Zeolite  

Effect of Zeolite on Chemical Properties of Soil 

1. Natural zeolites are good source of different micronutrients. 

2. They also reduces leaching loss of different nutrients 

3. Amount of clay bound fraction of organic matter also increases 

4. pH of the soil increases due to application of zeolites  

5. However it is found that application of zeolites results in increase of EC and SAR due to presence of high amount of Na. 

Use of Zeolite for Reclamation of Heavy Metal Contaminated Soil 

Due to high CEC and varying pore space zeolite can adsorb or fix a variety of heavy metals. The use of zeolites in acidic soils 

causes an increase in pH that reduces solubility and bioavailability of metals. Zeolite can be treated to produce anion 

exchanger’s sites to fix chromate, arsenate, selenate, and other metal anions. 

Use of Zeolite for Reclamation of Heavy Metal Contaminated Soil 

Due to high CEC and varying pore space zeolite can adsorb or fix a variety of heavy metals. The use of zeolites in acidic soils 

causes an increase in pH that reduces solubility and bioavailability of metals. Zeolite can be treated to produce anion 

exchanger’s sites to fix chromate, arsenate, selenate, and other metal anions. 

Zeoponics 

It’s a new kind of growth medium developed by NASA for space travel. The name came from zeolite and hydroponic and it is 

a growth medium with nutrients delivery system. It contains synthetic apatite and natural clinoptilolite. It’s an additive that 

makes other growth media more effective in growing plants. 

Working principle of Zeoponics 

Zeoponics is a plant demand driven nutrient delivery. Nitrogen and Potassium 

are released by ion exchange from N K clinoptilolite. Phosphorus and other 

nutrients are released by synthetic apatite. Amount of delivery of nutrients 

increases with increase the demand by ion exchange dissolution. 

Conclusion 

Due to its structure and properties zeolite may be used as a slow-releasing 

carrier of agrochemicals and fertilizers. Natural zeolites are effective in 

improving soil properties and treating contaminated soil. Therefore, zeolite is 

used to promote better plant growth by improving the value of fertilizers as 

they retain valuable nitrogen and improve the quality of crops. 
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Introduction 

Everyone is aware that our country is passing through the situation of COVID-19. The virus took the face of pandemic in the 

entire world. The ramification of the virus is very high. With the past experience and the situation prevailed in other countries, 

our Prime Minister, Shri Narendra Modi decided to lockdown the entire nation to prevent the spread of novel corona virus as 

it is spreading due to socializing at an alarming rate. 

The decision of lockdown was taken for the welfare of the people of our nation. But decision was harder enough for those who 

are the daily wagers and whose family entirely depend on daily earnings like small farmers, fruit and vegetable sellers etc. 

They are facing several problems like rotting and wastage of perishable items and food grains as they are unable to transport 

their produce to the mandis and unable to find markets. 

Considering the situations of farmers, our Union Minister of Agriculture & Farmers’ welfare, Shri Narendra Singh Tomar on 

17 April, 2020 launched “Kisan Rath” app in Krishi Bhavan developed by National Informatics Centre (NIC), which would 

help the farmers to transport their produce and to get a fair price. 

What is this “App” All About? 

“Kisan Rath” is a mobile application to facilitate transportation of foodgrains (cereal, coarse cereals, and pulses), fruits & 

vegetables, oilseeds, spices, fibre crops, flowers, bamboo, minor forest produce, coconuts etc. during lockdown. It is also called 

“kisan ka apna vahan.” It will be made available in 08 languages. 

How Does it Help the Farmers and Traders? 

It facilitates farmers and traders to search transport 

vehicles for primary and secondary transportation 

for movement of agriculture and horticulture 

produces. Primary transportation would include 

movement from farm to mandis, FPO collection 

centre and warehouses etc. Secondary 

transportation would include movement from 

mandis to Intra-state & inter-state mandis, 

processing units, railway station, warehouses and 

wholesalers etc.  

How Does the “App” Work? 

The consignors (farmer, FPOs, buyer/trader) places a transportation requirement on this app which is disseminated to 

transport aggregators in the market, who in turn interface with various truckers and fleet owners for obtaining a competitive 

quote against the requirement and passes back the quote and trucker details to the consignor. Therefore, the consignor directly 

negotiates off line with the trucker and finalize the deal. 
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Image showing the working process 

Conclusion 

This app will be very much useful for the farmers and traders during COVID-19 situation. We should share this app maximum 

among the people to make it popular. 
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Introduction 

Agricultural land leveling by farmers are traditionally being carried out by bullocks or tractors using wooden plankers/patella 

or by tractor operated buck scrappers which are used to cut and fill the soil for maintaining a proper grade in the land especially 

for drainage purpose. These traditional and simple implements are less precise in land leveling as it leads to water logging at 

low lying areas and less moisture in higher levels and also significant amount (10-25%) of irrigation water is lost during its 

application due to uneven topography in the fields. Germination and crop stands are affected badly by low moisture at higher 

levels in the field. 

There are perhaps two land leveling philosophies :(1) to provide a slope which fits water supply; and (2) to level the field to its 

best condition with minimum earth movement. The second philosophy is more feasible and economic approach because land 

leveling is expensive and large earth movements may leave significant areas of the field without fertile top soil. Land leveling 

always improves the efficiency of water, labour and energy resources utilization. 

 New and efficient laser assisted precision land leveling technology provides the capability for more precise leveling operation 

of agricultural lands as compared to the land leveling done by traditional simple implements like patella pulled by animal or 

tractor. 

Precision land leveling is the process of smoothening of the land surface within ±2 cm from the average elevation of land using 

a laser guided bucket that scrapes soil from high elevation and spreads onto the low elevation areas. Precision land leveling 

involves altering the field in such a way as to create a desired constant slope of 0% to 0.2%.This practice makes use of large 

horse power tractors and soil movers that are equipped with GPS and /or laser guided instrumentation so that the soil can be 

moved  by cutting and filling  to create the desired slope. 

Major Components of Laser Land Leveling System 

The laser leveler involves the use of laser transmitter that emits a rapidly rotating beam parallel to the required field plane, 

which is picked up by a sensor (receiving unit) fitted to a tractor towards the scraper unit. The signal received is converted into 

cut and fill level adjustment and the corresponding changes in the scraper level are carried out automatically by a hydraulic 

control system. The scraper guidance is fully automatic, the elements of operator error are removed allowing consistently 

accurate land levelling. The setup consists of two units. The transmitter is a laser, which is mounted on a high platform. It  

rapidly rotates, sends the laser light in a circle like a lighthouse does, except that the light is a laser, so it remains in a very 

narrow beam. 

A laser-controlled land levelling system consists of five major components: 

1. Drag bucket: The leveling bucket can be a three-point linkage mounted or pulled by the tractor’s drawbar. Pull type systems 

are preferred as it is easier to connect the tractor’s hydraulic system to an external hydraulic ram. 

2. Laser transmitter: The laser transmitter is mounted on a tripod, which allows the laser beam to sweep above the tractor 

unobstructed. With the plane of light above the field, several tractors can work from one common laser transmitter. 
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3. Laser receiver: The laser receiver is an omnidirectional receiver that detects the position of the laser reference plane and 

transmits these signals to the control box/panel. The receiver is mounted on a manual or hydraulic mast attached to the drag 

bucket. 

4. Control panel: The control box accepts and processes signals from the laser receiver it displays these signals to indicate the 

drag bucket position relative to the finished grade. When the control box is set to automatic, it provides electrical output for 

driving the hydraulic valve. The control box is mounted on a tractor within easy reach of the operator. 

5. Hydraulic system: The hydraulic system of the tractor is used to supply oil to raise and lower the leveling bucket. The oil 

supplied by the tractor’s hydraulic pump is normally delivered at 2000-300 psi pressure. As the hydraulic pump is a positive 

displacement pump and is always pumping more oil than required, a pressure relief valve is needed in the system to return 

the excess oil to the tractor reservoir. If the relief valve is not large enough or malfunctions, damage can be caused to tractor’s 

hydraulic pump. The solenoid control valve controls the flow of oil to the hydraulic ram, which raises and lowers the bucket. 

The desired rate at which the bucket raises and lowers will depend on the operating speed. The faster the ground speed the 

faster the bucket will need to adjust. The rate at which the bucket will raise and lower is dependent on the amount of oil 

supplied to the delivery line. 

Fig 1: Schematic of laser guided land leveler mounted with tractor 

How to Level the Land with Laser Land Leveler 

Laser leveling requires the soil to be shifted from the high points of the field to the low points in the most cost-effective way. 

In most situations’ fields need to be ploughed and a topographic survey is undertaken before leveling commences. 

Step 1: Ploughing the field: Plough the field preferably from the centre of the field outwards. It is preferable to plough the 

field when the soil is moist because if the soil is ploughed dry a significant increase in tractor power is required and a large 

clod size may result. If the soil is very dry one-way disc or MB plough may be required. Rotary tillers, disc harrow or cultivators 

are ideal for second workings. All surface residue needs to be cut up or removed to aid soil flow to the bucket. 

Step 2: Conducting a topographic survey: Once the field is ploughed a topographic survey is conducted to record the high 

and the low spots in the field. From the surveyed readings, the mean height of the field is established by taking the sum of all 

the readings and dividing by the numbers of readings taken. Then using a field diagram and the mean height of the field, a 

strategy to effectively move soil from high to low area is finalized. 

Step 3: Leveling the field: The laser-controlled bucket should be positioned at a point that represents the mean height of the 

field. The cutting blade should be slightly above the ground (1-2cm). The tractor should then be driven in a circular direction 

from the high areas to the lower areas in the field. To maximize working efficiency, as soon as bucket is near filled with soil the 

operator should turn and drive towards the lower area. Similarly, as soon as the bucket is near empty the tractor should be 

turned and driven back to the higher areas. When the whole field has been covered in this circular manner, the tractor and 

bucket should then do a final leveling pass in long runs from the high end of the field to the lower end. The field should then 

be re-surveyed to make sure that the desired level of precision has been attained. 
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Benefits of Laser Controlled Land Leveling System 

1. Saves irrigation water by 25-30 % 

2. Better crop stand due to even application of fertilizers and other inputs i.e improvement in crop yield by 10-15 % 

3. Less area under bunds /ridges i.e. increase in area by 3-5 % under the crop. 

4. Reduced time and labour requirement for irrigation. 

5. Reduces weed problem. 

6. Improves uniformity of crop maturity. 

7. Using the technology could decrease the production cost of rice, wheat & corn etc by 10-15 % 

8. Every unit area increase the production by 20-30 %. 

9. Improved field used traffic ability (for subsequent operation). 

Constraints for Adoption 

1. High cost of the equipment 

2. Require skilled operator. 

3. More efficient for regularly sized and shaped field. 

Uneven surface topography of agricultural field results in uneven crop stand, increased weeds and uneven maturing crops. 

All these factors result in reduced yield and quality. Therefore, effective land leveling through laser assisted land leveler is 

necessary for taking up good agronomic, soil and crop management. 
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Introduction 

Remote sensing is a non-contact method for measurements of reflected or emitted radiation from agricultural fields, which are 

based on the interaction of electromagnetic radiation with soil or plant material. The potential of remote sensing makes it useful 

as a proficient and low-priced system to recognize unhealthy plants in a ground scale, primarily for the reason that infected 

plants contain various spectral reactions in comparison to healthy ones (Zhang et al. 2002). Rice (Oryza sativa L.) is the most 

important staple food crop of the world. More than 60% of world’s population depend on it for food. Pest infestation is one of 

the severe problems to rice growth, and it usually leads to serious reduction of yield and quality. In India, the yield loss inflicted 

on rice due to insect pests has been estimated to be between 21 to 51 percent (Prakash et al. 2007). Thus, remote sensing can be 

very useful in detecting crop damage over a large area in a short time period. 

How Remote Sensing Work? 

1. Remote sensing techniques are useful to monitor drought as well as detecting crop stresses such as nutrient deficiency, pest 

infestation, and disease development.  

2. Plants may respond to different pest and disease stress in a number of ways like wilting, leaf curling, chlorosis or necrosis of 

photosynthetic plant parts, stunted growth, and in some cases, a reduction in leaf area due to severe defoliation. 

3. The basic premise here is that disease plants give a higher reflectance in the visible region, and a lower one in the near 

infrared region, while the opposite is the situation in the case of healthy plants. 

4. Thus remote sensing instrument that measure and record changes in electromagnetic radiation may provide a better means 

of objectively quantifying biotic stress than visual assessment method. 

Major Insect Pests of Rice Are 

1. Brown Plant Hopper   

2. Rice leaf folder 

3. Yellow Stem Borer 

Brown Plant Hopper (Nilaparvata lugens) 

Brown plant hopper is one of the most notable risks in rice yield in tropical areas especially in Asia. 

Damage symptoms:  

a. Leaves become yellow and later brownish. 
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b. Hopper burn. 

Remote sensing application: 

a. Hyper spectral remote sensing could be used to measure BPH damages to rice plants. We can use visible and infrared 

images to detect stress in rice production. 

b. A number of indices such as standard difference index (SDI), ratio vegetation index (RVI) and Normalized difference 

vegetation index (NDVI) were used to isolate infected plants from healthy ones. 

Prasannakumar et al. (2013) in India used hyper spectral remote sensing to detect the brown plant hopper (BPH), stress on rice 

plants under glasshouse as well as field conditions and revealed that variation in plant reflectance due to BPH damage was 

smaller at shorter wavelengths (350-730 nm) and larger at longer wavelengths, viz., NIR (740-925nm) followed by mid infrared 

(MIR) (926-1800 nm), which indicated the possibility of detection of BPH stress on rice. 

Yang and Cheng (2001) reported that brown Plant hopper infestation levels were clearly detected using the canopy reflectance 

spectra, especially in the region of 737-925 nm, where reflectance from rice decreased as damage severity increased. 

Rice Leaf Folder (Cnaphalocrocis Medinalis) 

Rice leaf folder is one of the most important pests that endanger rice development and yield. 

Damage symptoms: 

a. Leaves fold longitudinally and larvae remain inside. 

b. Leaves become white and dry as larva scrapes the green tissues. 

c. Whole field exhibits scorched appearance during severe infestation. 

Remote sensing application: Hand-held Spectro radiometer was used at jointing stage of rice to detect Rice leaf folder. 

 

J. Wang et al. (2018) showed that, reflectance from rice canopy significantly decreased in the green (530-570 nm) and near 

infrared (700-1000 nm) regions, and significantly increased in the blue (450-520 nm) and red (580-700 nm) regions as the rice 

leaf folder population increased. Reflectance from rice canopy significantly decreased in the spectral regions from 737 to 1000 

nm. The more the numbers of rice leaf folder, the higher the changes of such characteristic parameters. 

Yellow Stem Borer (Scirpophaga Incertulas) 

Yellow stem borer damage can lead to about 20% yield loss in early planted rice crops, and 80% in late planted crops. 

Damage symptoms:  

a. Death of central shoot as caterpillars bore central shoot of seedlings and tillers, is known as “Dead Heart”.  

b. Panicle turns whitish, erect with chaffy spikelets and can be easily pulled out, is known as "white ears". 

Remote sensing application: Using hyper spectral or multispectral spectroradiometer for detection, identification, and 

estimation of various crop stresses through analysis of their spectral signature. 

Mageshwaran et al. (2014) reported that the wavelength most sensitive (positive value) to damage caused by YSB was found 

to range from 673 to 678 nm in both varieties studied and the most negative value in the sensitivity analysis curve was situated 

in NIR band with a wavelength range of 757 to 769 nm. 

Conclusion 

1. So remote sensing is a very useful tool in agriculture insect pest management decisions, timely planning and getting different 

information in many specific areas based on research findings on some crop pests and diseases. 

2. Hence, remote sensing provides ample scope to use this technology in agriculture for pest monitoring, detection and timely 

management with high precision. 
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Introduction 

According to Baker and Cook’s (1974) - “Biological control is the reduction of inoculum or disease producing activity of a 

pathogen accomplished by or through one or more organisms other than man. 

Attributes of Successful Biocontrol Agents 

1. Must not be pathogenic to plants and animals  

2. Level of pathogen control must be high  

3. Should live longer in soil or host tissues  

4. Should have rapid reproductive capacity  

5. Should be a good competitor 

6. Should have high survival rate in soil or host tissues  

7. Should be capable of controlling more than one pathogen  

8. Should be suitable for long-term storage 

9. Should be compatible to use with agro-chemicals viz. fertilizers, pesticides etc. 

Fungi 

1. Purpuroecillium lilacinum: 

Products Formulation Application Company name 

Bio act WG, 
Malcon WG 

Water Dispersible 
granules 

Drench and Drip 
irrigation 

Bayer crop science, Germany 

My tech Wettable powder Drench Dudu tech, Germany 

Yorker Wettable Soluble Powder Drench Agriland, Biotech India 

Nema Wettable Soluble Powder Drench Tropical Agro, India 

Hocusia Water Dispersible 
granules 

Drench and Drip 
irrigation 

Bayer, India 

Paecilo Wettable powder Drench Agri Life, India 

Nemoend- PL Wettable powder Drench Exotic naturals, India 

2. Pochonia chlamydosporia: 

Products Formulation Application Company name 

KlamiC Granulate Soil application CENSA, Cuba 

BioShield Wettable Soluble Powder Drench Agriland, Biotech, India 

Rizotec Granulate Soil application Stoiler, Brazil 
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3. Trichoderma spp. 

Product Formulation Application Company name 

Trieco (Nematode control) Powder Soil Marine lines, Mumbai 

4. Bacteria - Bacillus firmus: 

Products Formulation Application Company name 

Votivo Wettable powder Drench, drip, seed treatment Bayer crop science, USA 

Nortica Wettable powder Drench, drip, seed treatment Bayer Crop science, USA 

Nemoend- BF Wettable powder Soil and drip irrigation Exotic Naturals, India 

Votivo Liquid Drench, drip, seed treatment Bayer crop science, USA 

5. Other Bio-agents: 

Product Active antagonist Formulation Application Company name 

Ditera Myrothecium verrucania Granule Soil Valent Bioscience, 
USA 

 
Deny, blue circle 

 
Burkholderia cepacia 

 
Powder 

Seed treatment, 
irrigation 

CCT crop, Stine 
microbial products, 
USA 

Econem Pasteuria penetrans Powder Irrigation Sygenta , USA  

        Purpuroecillium lilacinum                                              Pochonia chlamydosporia 

Conclusion 

Nowadays, nematicides are not available in the market. Several nematicides were banned because of their residual effect in 

their environment. So, bio- agents will be used manage the nematodes problem in the field and improves the farmers income. 
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Introduction 

Basmati occupies a special status in Rice cultivation. It is a variety of long, slender grained, aromatic rice. In India, Basmati rice 

is grown in the specific geographical area, at the Himalayan foot-hills confined into few states of India. These states are located 

at northern parts of our country e.g. Punjab, Haryana, Himachal Pradesh, Uttarakhand, Western UP, Delhi, Bihar. 

The Basmati rice are differentiated from other aromatic rice in a certain criterion that its length increases twice of their original 

size after cooking with other characteristics like soft and fluffy texture upon cooking, delicious taste, superior aroma and 

distinct flavour. The chemical compound responsible for aroma in Rice 2-acetyl-1-pyrroline present @0.09 ppm in Basmati Rice 

grain which is almost 12 times more than non-Basmati Rice. Hence, Basmati rice is unique among other aromatic long grained 

rice. 

In India, Basmati rice is mainly grown for exporting purpose. A huge amount of income generated from export of this product. 

India is the largest producer and exporter of basmati rice in the world. It accounts 75% of global Basmati Rice production. In 

the financial year 2018-19, India exported around 4.4 million tonnes of Basmati rice worth USD 4.7 billion. Whereas, comparably 

if we see from non-Basmati rice, our country generated USD 3 billion even if exporting 7.5 million tonnes, which is almost 

doubled amount of Basmati rice exported.  

So, very clearly the importance of Basmati Rice production in our country can be understood here. At present lockdown period 

is prevailing due to COVID-19 pandemic which may stagger our country’s economic growth. In such crisis, country need to 

find way out through generating export duties. Basmati Rice can boost India’s rice export as well as greater for human 

consumption. 

Climate Requirement for Basmati Rice Farming 

For Basmati Rice cultivation, climatic requirement is as same as normal Paddy cultivation. Basmati Rice requires evenly 

distributed rainfall throughout its growth and ideal temperature for its cultivation i.e. 20 to 38 degree° C. It also requires clear 

sky during day and low night temperature. Basmati varieties with superior cooking and eating characteristics can be produced 

if the crop matures in relatively cooler temperature. The high temperature during grain filling period reduces the cooking and 

eating quality features of basmati rice like kernel  

elongation and non-stickiness of cooked rice. 

Soil Requirement 

It can be grown in all kind of soils. However, heavy neutral soils like clay loam is excellent due to its good water holding 

capacity. The ideal pH range of soil for its better yield is 5.0-8.5. 

Selection of Varieties 

Selection of good variety is essential for good quality and yield of Basmati Rice. A good quality must ensure few characteristics 

i.e. 

1. More yield  

2. Best quality 

3. Resistant to insect and disease 

4. Short heighted with short ripening duration. 

Few suggested varieties are as following. 
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SN Name of Variety Height of plant Avg. Yield (Qtl/acre) Ripening uration Others 

1 Pusa Basmati 1 100 cm 16 140 days affected by few 
diseases & insects 

2 Basmati 370 165 cm 12 150 days --do-- 

3 Basmati 386 180 cm 10 155 days --do-- 

4 Taraori Basmati 155 cm 11 155 days --do-- 

5 Super Basmati 113 cm 14 145 days Comparatively less 
affected by diseases, 
long grained. 

6 Pusa Basmati 1121 
 

120 cm 13.7 137 days comparatively less 
affected by diseases, 
long grained. 

Agronomic Practises 

1. Seed rate & seed treatment: Once seeds are selected; they should be treated properly. According to variety of Basmati 

Paddy,25-30 kg seed is sufficient for one ha. land or 10-12 kg per acre. Seed treatment must be done with 20g Bavistin and 2.5 

g Streptocycline taken in 25 litre water solution, kept the solution for 24 hrs & then rice seeds should be spread in a place with 

wet sack on the seeds, spray water on it. Seeds should be well soaked before sowing in nursery. 

2. Nursery preparation: For preparation of nursery, fertile land with good water drainage facility nearby irrigation facility 

should be selected. Generally, Nursery prepared from 15th May to 15th June. But for late maturing varieties like Basmati 370, 

Basmati 386 it should be prepared within 1st week of June. 

For 1 ha of Basmati Rice cultivation,700 square metres nursery is needed. In Nursery, fill the field with water and use leveller 

after 2-3 plough. Divide the field in small & raised beds. Before sowing, apply 225g ammonium or 100 g urea and 200g super 

phosphate per 10 square metres. Hoeing, weeding, apply irrigation at frequent interval and proper management of disease, 

insects is needed. 

3. Preparation of Field and Time of planting:  Time of trsnsplanting is an important criterion to determine the yield of Basmati 

Rice. 25-35 days after sowing in nursery at 5-6 leaf stage, the transplanting should be done. To make the soil soft, use plough 

2-3 times in water filled field & use leveller to make the field level. Spacing recommended as 20×15 comfort late varieties, it 

can be done in 15×15 cm spacing. Transplanting should not be done in waterlogged field for traditional Basmati varieties, it 

may affect the quality. 

4. Manures & Fertilizers: Requirement of fertilizers is less in case of Basmati Rice compared to normal Rice varieties.90-100 kg 

Nitrogen (200 kg Urea or 500kg Ammonium Sulphate),40 kg Phosphorus (250 kg SSP),30 kg Potash (50 kg MOP) is 

recommended. Apply 1/3rd of Nitrogen, full quantity of Phosphorus, Potash should be applied at the time of preparation of 

field, the remaining 1/3rd Nitrogen at tillering stage & 1/3rd at the time of Panicle initiation. Apply 25 kg Zinc Sulphate per 

ha at the time of field preparation. If available, manure or vermicompost can be applied @5 tonnes per ha. 

5. Intercultural Practises for Basmati Rice: Hand weeding should be practised 3 to 4 times @3 weeks interval starting from 3 

weeks after planting. To reduce the plant height and prevent from lodging, Pruning is must for Basmati Rice cultivation. It 

should be cut at flag leaf at about 10 cm from upper most leaf collar without affecting the field. 

6. Pest & Diseases: The major diseases observed in Basmati Rice, are-Neck blast disease, Sheath blight, Brown spot. Proper 

Seed treatment may inhibit these diseases outcome. Major insect pest observed are Stem Borer, Brown & white beetle, Gundhi 

bug & Leaf folder. Furadan 3G, Monocrotophos like insecticide at proper doses can inhibit them. Another suggestion, these 

pest & diseases can be reduced substantially by applying effective bio-agents like Trichogramma japonicum & T. chilonis. 
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7. Harvesting & Threshing: Drying the field/removing the water from the field 2 weeks before the harvesting is mandatory 

for getting good yield & quality of seed. Harvest the crop when colour of 90% grains turns golden yellow from green colour. 

To get maximum yield, crop should be harvested @20% moisture at 35-40 days after 50% flowering period. In case of late 

harvesting, grains shed off. As result, yield is reduced. Threshing should be done immediately after harvesting. Late threshing 

deteriorates the quality of Basmati Rice. For long awned varieties like Pusa Basmati-1 double winnowing is required sometimes 

for removal of awns. 

Basmati Rice is always aged. It means the grains have to be aged for a long time in the storage units approximately,18-24 

months. This is very time-consuming process and requires particular conditions for ageing and warehousing. This adds to the 

overhead cost of the Rice. 

After packaging, Basmati Rice is available in markets in different brands e.g. Dawat, Lal Qila, India Gate, Kohinoor, Sungold 

etc. with a very high price value even up to Rs.180-200/Kg. 
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Genomic DNA is the blueprint of any organism's characteristics. Unique patterns are present in every organism's DNA and 

DNA fingerprinting is a method which uses these unique patterns for identification of an individual DNA, present in the 

sample. Plant variety and cultivar identification is very important aspects in agricultural systems. The identification of a crop 

variety or the difference between two crop varieties is very difficult just by looking at the morphological characters because 

they are unstable and change due to environmental and climatic conditions, but DNA fingerprinting make this process easy. 

Several techniques are available for DNA fingerprinting which are based upon molecular markers. At the beginning DNA 

fingerprinting technique was dominated by restriction fragment analysis and Southern blot hybridization; the discovery of the 

PCR in the late 1980s gave this technique, a new way. The third-generation molecular markers are becoming markers of choice 

for researchers due to their abundance and amenability to automation and data basing. This test is able to detect the unique 

traits that distinguish one variety from another and is also referred as Intellectual property right (IPR) tool because it protects 

the Intellectual property rights of breeders' and owners of plant germplasm. Govt. of India made a DNA fingerprint as an 

additional mandatory requirement for releasing the new varieties DNA fingerprinting technique is extensively used in varietal 

identification in a wide range of crops species from past two decades. 

Introduction 

The total genetic information of an organism is present in its genomic DNA and this is the blueprint of any organism's 

characteristics. Unique patterns (short tandem repeats) are present in every organism's DNA and DNA fingerprinting is a 

method which uses these unique patterns for identification of an individual DNA, present in the sample. This technique is 

discovered by Alec Jeffreys during 1985. DNA fingerprinting can also be defined as the application of molecular marker 

techniques to genetic analysis. Plant variety and cultivar identification is very important aspects in field of agriculture and 

identification of a variety or the difference between two crop varieties is very difficult just by looking at the morphological 

characters but DNA fingerprinting makes it easy for researchers to precisely identify the varieties by identifying the unique 

patterns (Fingerprints) in their DNA. Initially DNA fingerprinting was dominated by restriction fragment analysis and 

Southern blot hybridization; the discovery of the PCR in the late 1980s gave this technique, a new way. At present DNA 

fingerprinting technique is based upon PCR-based single- or multi-locus profiling techniques.  

This technique comes into the limelight in past few years because of two agreements: Convention on Biological Diversity (CBD) 

and the Trade-Related Intellectual Property Rights (TRIPs). These agreements enforced to make the worldwide trade of plant 

genetic resources in protected way. Govt. of India made a DNA fingerprint as an additional mandatory requirement for 

releasing the new varieties and implemented a Protection of Plant Varieties and Farmers’ Rights Act (PPVFR) to protect plant 

breeder’s and farmer’s rights. 

Techniques of DNA Fingerprinting 

Various fingerprinting techniques are in present, which are based upon hybridization and polymerase chain reaction (PCR). 

Advancement of PCR technology makes the molecular characterisation simple. There are different PCR based techniques for 

molecular characterization, which includes, random amplified polymorphic DNA (RAPD) and its variants, intersimple 

sequence repeats (ISSR), Sequence Characterized Amplified Region (SCAR), amplified fragment length polymorphism (AFLP), 

Microsatellites or simple sequence repeats (SSR), etc. Now it’s the era of third generation marker technologies. The single 

nucleotide polymorphism (SNP) refers to a defined position in the genome at which the DNA sequence of two genotypes 

differs by a single base. 
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Restriction Fragment Length Polymorphism (RFLP) 

Restriction fragment length polymorphism (RFLP) involves digestion of DNA with restriction enzymes, separation the DNA 

fragments by gel electrophoresis, blotting the fragments to a filter and probe hybridization to the separated fragments. RFLP 

analysis has been used for identification of species and cultivars, for evaluation of genetic diversity and in gene mapping 

(Wattilon et al., 1991). 

Random Amplified Polymorphic DNA (RAPD) 

Random Amplified Polymorphic DNA (RAPD) (Williams et al., 1990) marker is useful for variety and cultivar identification 

with the merits like; simplicity, efficiency, abele to detect relatively small amounts of genetic variation and no need of prior 

information about the genome. 

Amplified Fragment Length Polymorphism (AFLP) 

The working principle behind this technique is selective PCR amplification of restriction fragments from a total digest of 

genomic DNA (Vos et al., 1995). AFLP can scan the whole genome for polymorphism. It does not require any prior knowledge 

about the genome and proved to be suitable for cultivar/variety identification. 

Simple Sequence Repeats (SSR) 

SSR also known as microsatellite repeats, consist of tandem short nucleotide repeats. SSR markers are one of the most 

polymorphic genetic markers and used in the process of cultivar identification, in pedigree analysis and genetic mapping. SSR 

markers gaining popularity among researchers in plant genetics studies because of co-dominant nature, reliability, ease of 

application and high polymorphic information content. 

Inter Simple Sequence Repeats (ISSR) 

Identification of ISSR markers based on PCR amplification of DNA by using a microsatellite sequence single primer anchored 

at the 3′ or 5′ end by 2–4 random and often degenerated nucleotides (Li et al., 2008). ISSR markers are more reproducible than 

RAPD markers because of high annealing temperature, Like RAPD; ISSR also does not require pre-information of the genome. 

Single Nucleotide Polymorphisms (SNPs) 

SNPs can be defined as single base substitution in the genome of an individual. SNPs belong to the third-generation molecular 

markers, and are the most abundantly found in plant and animal genomes. These are widely used as molecular genetic markers 

in genetic linkage mapping, diversity analysis, cultivar identification and marker assisted selection. SNPs are becoming 

markers of choice for researchers due to their abundance and amenability to automation and data basing. 

Table 1. Comparison of Different Genetic Markers Employed in Varietal Identification 

Features RAPD AFLP ISSR SSR RFLP 

Dominance Dominant Dominant Dominant Codominant Codominant 

Reproducibility Low to 
medium 

High to very high High High to very 
high 

High to very 
high 

Ease of development Easy Moderate Moderate Difficult Difficult 

Automation/multiplexing Possible Possible Possible Possible Difficult 

Development cost Inexpensive Moderate Moderae Expensive Moderate 

Assay Inexpensive Moderate to 
expensive 

Moderate Moderate Moderate 

RAPD, random amplified polymorphic DNA; AFLP, amplified fragment length polymorphism; ISSR, Intersimple sequence 

repeats; SSR, simple sequence repeats (microsatellites); RFLP, restriction fragment length polymorphism. 

(Source: N. K. Korir et al., 2012) 
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Procedure of DNA Fingerprinting for Variety / Cultivar Identification 

1. Selection of suitable molecular markers. 

2. Genetic diversity analysis for all released varieties by selected molecular markers. 

3. The markers which differentiate the maximum number of varieties will be selected and identified  

4. Formation of set of consensus markers in order to differentiate all the released varieties. 

5. Formation of amplification profile for all released varieties with each of polymorphic marker from the core set. 

6. Amplify the new variety by core set of markers. Keep some old varieties along with new one during amplification, which 

help in identification of unique fingerprint of new variety. 

7. Compare the amplification profiles between new and old varieties for analysis of the unique profile in the new variety. 

Importance of DNA Fingerprinting 

There is a need for protection of Intellectual property rights of breeders' and owners of plant germplasm. Intellectual property 

rights are Intellectual Property Rights (IPRs) are legal rights enforced by government to protect creations and/or inventions. 

IPR include patents, copyright, industrial design rights, trademarks, plant variety rights, trade dress, geographical indications 

and in some jurisdictions trade secrets. In many countries including India, rights related to plant varieties have their basis in 

the Trade Related Aspects of Intellectual Property Rights of the World Trade Organization article 27.3(b). In India to protect 

plant breeder’s and farmer’s rights, Protection of Plant Varieties and Farmers’ Rights Act (PPVFR) is implemented. Highly 

reliable and rapid method of testing and identification are required for implementation of IPR with respect to plant varieties 

and DNA fingerprinting fulfils all these requirements. That is why it is referred as Intellectual property right (IPR) protection 

tool. This test is able to detect the unique traits that distinguish one variety from another. The ability of identifying varieties 

makes this test important to guaranteeing the authority of a crop being purchased. DNA fingerprinting technique is also used 

to test genetically modified crops to identify and keep track of transferred genes.  

In past two decades, DNA fingerprinting techniques is extensively used in varietal identification in a wide range of crops 

species. More than two thousand varieties, parental lines and hybrids of 32 important crops have been fingerprinted using 

AFLP, ISSR and RAPD techniques at National Research Centre on DNA fingerprinting (Division of Genomic Resources) 

NBPGR, New Delhi. 

In terms of IPR protection, DNA fingerprinting has applications in patenting of genes, aiding variety registration and in 

detecting infringement of breeders’ rights and biopiracy. 

Conclusion 

The DNA fingerprinting is a powerful tool for identification of crop varieties and also help in protecting the growers and 

breeders’ right. The third-generation molecular markers make DNA fingerprinting more precise and reliable. We can expect 

that the term “DNA fingerprinting”, once created by Alec Jeffrey for describing the identification of human individuals by 

minisatellite hybridization, will survive in the long run. 
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Summer Foods 

With summers in full swing and the mercury heading north, doctors and dietitians advise that apart from drinking lots of 

water, a special summer diet consisting of light and healthy food would ensure a cool mind and body. 

Some of the Most Beneficial Food Items During Summer: Tender Coconut Water 

TCW is perfect to fight our relentless summer heat and it has nutritional value. Remember to scoop out the tender coconut and 

eat it before you discard its organic shell. It contains vitamins, minerals and precious potassium. 

1. Gooseberry (Amla): A great refresher and reverses the ageing effects caused by strong sun rays while providing extra 

stamina for gym sessions. It specially benefits heart and hair. 

2. Apricot: They can be of great help for people who develop acne in summers as they provide the body with iron, vitamin C, 

potassium and fibre. They can be a great pre- or post-workout snack. 

3. Tomatoes: These veggies might be seen as a salad item, but tomatoes act as a natural sunscreen - protecting you against 

sunburn. 

4. Watermelon: Amongst the favourite fruits in the summer season is the watermelon, which contains 92 per cent water and 

helps one keep hydrated. It also protects the skin against harmful sun rays. 

5. Cherries: These tiny fruits can help in inducing better sleep for people who have insomnia problems in the heat. They are 

also beneficial for people on a diet as they can help one get lean by decreasing the fat storage in one's body. 

6. Cardamom: A cup of cardamom tea can do wonders for those who have been in the hot sun for long because of its detoxifying 

properties 
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7. Corn: A good source of pantothenic acid, which provides vitamin B to lower stress levels, corn in any form whether it is 

roasted or boiled is a healthy snack as it lowers cholesterol levels. 

8. Mango: Unripe mangoes can be steamed, peeled and mixed with cumin seeds and salt to make an effective remedy for heat 

strokes and exhaustion in summers. 

9. Butter milk: A glass every day to avoid dehydration and indigestion. 

10. Curd and Yoghurt: They are a great and healthy alternative to ice-cream as they are packed with nutrients, vitamins and 

calcium which help to soothe ulcers, allergies and heat boils during the season. 

11. Juices: Fresh fruit juices, including lemonade, help replenish the body of its lost fluids. 

Foods to Restrict 

Ready-made iced tea and aerated drinks contains way too much sugar. They are also packed with preservatives, artificial 

flavouring, colours and a lot more that’s no good. 

During the hot months, meat and heavy food take longer to digest. So, eat light. 

Nuts and spices take longer to digest and are traditionally eaten in winter because they generate heat in the body. 
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Insect Management of Chrysanthemum 

Around 35 pests are known for the production of unsaleable blossoms and low-quality pot plants. The important pests of the 

chrysanthemum and their management are given here under. 

1. Aphids: Adults of Aphids are yellowish green to black in colour, with 3 mm long eyes.  Nymphs are globular, yellowish 

green or brown in colour. Aphids on the terminal shoot and on under side of the leaves cause damage by sucking the sap. 

Feeding results in stunting, leaf curling, withering of flowers and severe infestation resulting in death of the entire plant. 

Provide screens on vent and doors to prevent aphids from getting into greenhouse. Remove the weeds all around the crop. Use 

natural enemies like green lacewing, syrphids and ladybird beetles to keep aphid population very low. Spray monocrotophos 

(2ml/l) or Malathion (1ml/l) for reduction of aphid population. 

2. Thrips: These are very small insects and always hide in flowers, buds and leaf axils. They go unnoticed until damage appears. 

They are slender and white to black in colour. Thrips feed on growing points causing mottling and distortion of leaves and 

also leaf silvering due to separation of the upper epidermal tissue from the rest of the leaf.  These aphids also damage flowers 

of summer blooming. The affected flowers look as if dried due to separation of the upper epidermal tissue from the rest of the 

leaf.  Remove weeds in and around the crop and greenhouse in which crop has been raised. Use yellow or blue sticky traps for 

mass trapping of thrips. Release of nymphs and adults of the predatory minute pirate bug reduce the thrips population. Spray 

dimethoate (1ml/l) to control thrips. 

3. Leaf miner: This is a major pest of commercially grown chrysanthemums throughout the world. The maggots of this pest 

make tunnels within the leaves between the upper and lower surfaces and pupate at the end leaving the characteristic trails 

behind. Avoid over fertilizer application because high N content are associated with leaf miner problem. Use yellow sticky 

traps for mass trapping of leaf miner. Provide a 40-mesh insect proof net to prevent the entry of leaf miner into greenhouse. 

The other pests of chrysanthemum are The American worm, Caterpillar, red spider mite, Yellow mite, Bihar hairy caterpillar, 

gall midge, etc. 

Disease Management of Carnation 

1. Red spider mite: It is the most serious pest of carnation which feeds on the under sides of leaves, suck the sap and eventually 

the leaves turn pale and have a dusty coating and fine webs. In severe attack, plants become stunted and flowers are invaded. 

Plant growth, crop quality, yield and vase life of flowers decreases with increasing mite populations. Use varieties having 

straight and flat leaves which are proved to be resistant. Clean and eliminate the weeds to reduce the mite incidence. Apply 

proper water and ventilation to prevent attach. Spray wettable surface (3g/l). 

2. Aphids: They feed on flower buds, leaves and terminal shoots by sucking the sap and also transmits mottle virus. Aphids 

suck the sap from the leaves and disfigure the young growth. Spray monocrotophos (2ml/l) or Malathion (1ml/l) for reduction 

of aphid population. 

3. Thrips: These are very small insects and always hide in flowers, buds and leaf axils. They go unnoticed until damage appears. 

They are slender and white to black in colour.  Thrips suck the sap from the leaves, causing them to turn yellow and patchy 

with black specks and slight crinkling. A severe attack adversely affects the growth. They also cause streaks in the flowers,  
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making them unmarketable.  Flowers show brown abrasions. Remove weeds in and around the crop and greenhouse in which 

crop has been raised. Use yellow or blue sticky traps for mass trapping of thrips. Release of nymphs and adults of the predatory 

minute pirate bug reduce the thrips population. Spray dimethoate (1ml/l) or Malathion (2ml/l) to control thrips. 

The other insects of carnation are leaf beetle, cotton boll worm, carnation tortrix moth, carnation fly, etc. 

Insect Management of Marigold 

1. Two spotted spider mite: It becomes a pest late in the crop cycle primarily it spins webs over the flower which interfere with 

pollination. Spray Dicofol 18.5 EC (2ml/l) of the water. Spot application of dienochlor mixed with insecticidal soap also controls 

the mite. 

2. Leaf hoppers: Both nymphs and adults suck the sap and cause cupping and rolling of leaves, wilting of shoot tips and 

leaflets. French marigold is more damage by hoppers. Spray Dimethoate 30 EC or Malathion 50 EC (2ml/l of water) to control 

leaf hoppers. 

3. Leaf miner: Larval feeding in the leaf mesophyll causes serpentine mines. Severe damage may reduce seed production due 

to reduced photosynthesis or severe stunting. The young plants may die.  Release parasitic wasp in greenhouse which reduce 

the leaf miner population in greenhouse marigolds grown for seed within 8 weeks of first release. 

4. Aphids:  They feed on flower buds, leaves and terminal shoots by sucking the sap and also transmits mottle virus. Aphids 

suck the sap from the leaves and disfigure the young growth.  Spray monocrotophos (2ml/l) or Malathion (1ml/l) for reduction 

of aphid population. 

5. Greenhouse white fly: Sooty mould fungus grows on the honeydew excreted by whiteflies. Fungal growth on leaves can 

interface with photosynthesis or hinder pollination when it covers the flowers reproductive parts. Insecticidal soap can be used 

to reduce whitefly populations with no residual effects on natural enemies. 
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Insect Management of Gerbera 

1. Cotton white fly: The nymphs and adults suck sap from the underside of the leaves. Use yellow-orange sticky traps to 

control them. Application of methamidophos at 1ml/l effectively controls whitefly in greenhouses. Spray monocrotophos 

(2ml/l of water) or neem oil (3ml/l of water). 

2. Leaf miner: The insects bore into the leaf and make irregularly shaped tunnels or blotches which are generally light yellowish 

tan to brown in colour. As larvae mature, they fold the leaf together with threads and feed on the inner surface. The combination 

of yellow trap against adults and aqueous sprays of pyrazophos against the larvae within the leaf mines is also effective. Spray 

dimethoate 30 EC (1ml/l of water) and chloropyriphos 20 EC (2ml/l of water). 

The other insects of gerbera are mites (Polyphagotarsonemus latus Banks. and Steneotarsonemus pallidus Banks.), aphids (Myzus 

persicae Sulz. and Aphis fabae Scopoli.), Helicoverpa armigera, Memestra brassicae and Spodoptera littoralis Boisd. 

Insect Management of Lilium 

1. Leaf caterpillars: The larvae feed on green matter of leaves and cause defoliation. The moth is stout with a mosaic patteren 

of yellow, red and black on the forewings and black hind wings. In severe infestation, the whole plant is defoliated. Spray 

Malathion 50 EC (2ml/l of water) to manage leaf caterpillars. 

2. Aphids: They suck sap from shoots and floral buds which results in withering of tender shoots and premature falling of 

buds. The affected plants lose their elegance. Spray monocrotophos (2ml/l) or Malathion (1ml/l) for reduction of aphid 

population. 

3. Lily bulb mites: The bulb mites feed on the bulbs and roots and destroy them. Afterwards they infest the scales and burrow 

into stems. The stem and leaves of infested plants become yellow. In Lilium longiflorum, typical symptoms include resetting, 

cessation of growth at a height of 3-6 inches, chlorosis and occasional death. Grow bulbs in properly drained soil. Follow crop 

rotation with non-host crops. Store bulbs at 1.6°C to prevent mite attack. Hot water treatment is also effective against them. 

4. Thrips: Thrips are serious pests of lily bulbs and produce rust coloured sunken areas at the base of the outer scales which 

become sft and break off easily. Plants grown from infested bulbs are stunted. Spray dimethoate (1ml/l) to control thrips. Hot 

water treatment is also effective against them. The other pests of lily are lily beetle, lily weevil, stem borer, leaf caterpillar, etc. 
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Insect Management of Rose 

There are a wide variety of insects that affect roses.Insect pests degrade the ornamental value of roses in the garden and 

decrease productivity in commercial rose ventures. In case of severe infestation, they can even cause death of plants. The 

following are the important insect pests of rose. 

1. Aphids: These are small, slow-moving, soft-bodied insects with piercing-sucking mouthparts. Aphids cause damage by 

sucking plant sap. These insects grow early in the season on tender parts like shoots, buds and flowers. The infested flowers 

become malformed. The aphids secrete sweet honeydew on which fungi grow to produce black sooty mold which also 

degrades the ornamental value of rose. The honey dew also attracts ants. The aphid population is kept under control by natural 

enemies like lady bird beetles. Severe infestations can be controlled by spraying insecticides like monocrotophos, acephate, 

imidacloprid, malathion and dimethoate. 

2. Thrips: These are one of the most important insect-pests of roses. There are several species, but flower thrips and western 

flower thrips are two of the most common. Thrips are tiny, insects. Immature thrips are usually light yellow to lemon colored 

and are spindle-shaped. Thrips cause damage mainly by feeding on flowers in same fashion as aphids do. Thrips can be 

effectively controlled by spraying insecticides like acephate, Malathion, imidacloprid, Dimethoate and spinosad. Spinosad is 

one of the most important insecticides that provides very good control of thrips. 

3. Red spider mites: These are minute insects not visible to the naked eye and feed on the underside of the leaves. They feed 

by sucking the fluid from plant cells. When mite populations are heavy, leaves give a bleached or bronzed appearance and 

mites produce webbing on the top of leaves. Severely injured leaves may curl and drop from the plant. Foliar applications of 

carbaryl, acephate, or pyrethroid insecticides have a tendency to trigger mite outbreaks. Mites are favoured by hot dry weather, 

especially if accompanied by dusty conditions. Keeping plants well-watered during periods of drought helps reduce the 

potential for mite outbreaks. Washing foliage with a water spray can also help control or prevent mites, especially if you spray 

the undersides of leaves. Mites can be controlled by spraying miticides like dicofol, milbemectin, malathion, bifenzate and 

dimethoate. 

4. Scale insects: They can be easily detected by the reddish encrustations on the shoots. Their bodies are covered with a hard, 

scale-like covering that may be round, elliptical, tear-shaped, or oyster shaped, depending on species. These scale covers often 

blend in with the bark of the plant, making the scale difficult to see. Scale damage plants by sucking sap from the plant with 

their thread-like sucking mouthparts. Heavy infestations also cause tissue damage as they probe and feed on plant cells. Scale 

infestations can reduce plant vigor and growth. Heavy infestations can cause the death of shoots or even whole plants. The 

infested parts can be pruned to prevent further spread. They can be effectively controlled by spraying insecticides like 

malathion and dimethoate. 

5. Chafer beetles: Rose chafers are beetling that feed on the growing points, making irregular holes and punches on the leaves. 

The grubs feed on the roots. The insecticides like carbaryl, acephate, and chlorpyriphos control these beetles. 

6. Termites: Termites cause damage to the rose plants even before they are fully established. They destroy the underground 

parts. They are very difficult to control as they colonize under the soil. One of the most difficult things with termites is that by 
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the time they are evident much of the damage would have been done to a plant. They can be controlled by soil application of 

chlopyriphos and application of granules of carbofuran. 

7. Whiteflies: Adult whiteflies are small insects that are covered with a white waxy powder. They most often occur on the 

undersides of leaves, but clouds of adults will fly around infested plants when disturbed. Like aphids, whiteflies suck plant 

sap through piercing-sucking mouthparts. They can be effectively controlled by spraying imidacloprid, acephate, Malathion 

and neem oil. 

8. Digger wasps: They damage the plants after pruning. They dig into the pruned stem through cut end. Their digging also 

facilitates the entry of weak pathogens that cause die back. The pruned ends should be effectively sealed with a proprietary 

fungicidal paste to prevent the damage. In case of small gardens a few drops of insecticides like dimethoate may be dropped 

into the tunnel. 

9. Mealy bugs: These are small insects with white cottony filamentous growth on the exterior. They damage the plants by 

sucking sap from the shoots.They can be effectively controlled by spraying monocrotophos and dimethoate. 

Insect Management of Gladiolus 

1. Seed corn maggot: The adults are slender, grayish with large winged flies. The maggots are small and white in colour. 

Maggots feed on the seeds of gladioli by entering the capsules in the field or webbing the seeds in the storage. Spray with 4% 

wettable chlordane powder. Dip the corms for one hour in thiram and insecticide solution for 24 hrs before planting. 

2. Aphids: Aphids suck saps from young plants and transmit viral diseases. Spray metasystox, rogor, etc. at the rate of 2 ml/l 

of water to control aphids. 

3. Thrips: Adults emerged are milky white but soon turn brown except for the third segment which is light brown. The wings 

have a light transverse band near the base.  They feed on flowers and floral sheeths. It causes deformities and discoloration of 

gladiolus flowers and corms become soft and prone to decay. It causes silvering and whitish streaks on spikes because the cells 

in drying out become filled with air and so reflect the light. Thrips also thrive on corms in storage. The buds and flowers remain 

closed or open irregularly due to thrips attack. Spray metasystox, rogor etc. at the rate of 2 ml/l of water before the bud 

initiation and at the time of flower emergence. 

4. Cut worms: These feed on different parts of the plants and sever the plants at the base. Spray metasystox, rogor etc. at the 

rate of 2 ml/l of water to control cut worms. 

5. Mites: They feed on leaves under warm and shady locations. White specks appear on leaves, which later turn into bronzing 

or silvering. Spray miticides to protect the plant from mite attack. Various kinds of miticides are available in the market. 

6. Nematodes: They attack on gladiolus corms and roots. Treat dormant corms in hot water (35°C) for 30 minutes before 

planting. 
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Introduction 

Fluorescent in situ hybridization (FISH) is a molecular cytogenetic technique that uses fluorescent probes that bind to only 

those parts of a nucleic acid sequence with a high degree of sequence complementarity. It was developed in 1980s to detect and 

localize the presence or absence of specific DNA sequences on chromosomes. Fluorescence microscopy can be used to find out 

where the fluorescent probe is bound to the chromosomes. FISH is often used for finding specific features in DNA for use in 

genetic counseling, medicine, and species identification. FISH can also be used to detect and localize specific RNA targets 

(mRNA, lncRNA and miRNA) in cells, circulating tumor cells, and tissue samples. In this context, it can help to define the 

spatial-temporal patterns of gene expression within cells and tissues. Genomic in situ hybridization (GISH), which is a 

modification of fluorescent in situ hybridization, has been widely used in the study of plants. It has become one of the most 

important technique for molecular cytogenetics. GISH is a technique that allows distinguishing the genomes in a cell. With this 

technique, it is possible to differentiate the genomes in a hybrid; consequently, this tool has been applied to the study of hybrid 

lineages, genetic improvement programs, and studies of the evolution of polyploids. Moreover, GISH can be applied to the 

analysis of the meiotic behavior in hybrids and polyploids, providing information concerning the relationship between species. 

This review presents the wide application of this technique in plants. 

Genome Analysis 

GISH permits characterization of the genome and chromosome of hybrid plants, allopolyploid species and recombinant 

inbreeding lines. Thus, the ancestry of hybrid and polyploid species can be elucidated. Multicolor FISH (mFISH) using total 

genomic DNA probes is a promising approach for simultaneously discriminating each genome in natural or artificial 

amphidiploids. mFISH in situ hybridization has been used to distinguish three genomes in hexaploid wheat. 

Phylogenetic Relationship 

GISH offers new opportunities in phylogenetic and taxonomic studies for determining and testing genomic relationship of 

wild and cultivated plant species. 

Analysis of Soma Clonal Variations 

Soma clonal variations arising in tissue culture have been looked upon as a novel source of genetic variation for crop 

improvement. Tissue culture phases may impose stress, and induce instability (chromosome breakage and the DNA 

transposition) leading to karyotyping changes. Analysis of genetic variation in the regenerated plants is necessary for 

identification and utilization of the proper soma clonal variation for crop improvement. Examination of the chromosomal 

distribution of 5S and 18S-26S rRNA is useful in identifying the types of genomic changes that might occur during in vitro 

culture. In a karyotype analysis of soma clonal variants of A. tuberosum (2n=4X=32) the chromosomal positions of rRNA genes 

are physically mapped. 
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Detection of Alien Chromatin 

In plant breeding programme, alien chromosome, chromosome segments, and genes can be identified and characterized by 

FISH and GISH. They can be visualized and counted in wide hybrids and amphidiploids, not only in high quality metaphase 

spreads, but also within interphase nuclei. 

Detection of Chromosomal Aberration 

FISH can provide a rapid and accurate identification for the most common autosomal trisomics and sex chromosome 

abnormalities. In many polyploid species, there are intergenomic translocations, which are clearly shown by GISH. GISH has 

detected translocations in fusion hybrids between Nicotiana plumbaginifolia and gamma irradiated Petunia hybrida protoplasts. 

Chromosome Organization at Interphase Nuclei 

Simultaneous visualization of total genomic and highly repeated DNA as probes is also useful for investigating chromosome 

organization in the interphase nucleus orientation of telomeres and centromeres, spatial location of individual chromosomes 

and the relationship between chromatin decondensation and gene expression. 

Chromosome Specific Painting in Plants 

FISH had been used to analyse the structure of rye B chromosome. GISH demonstrated high level of similarity between A and 

B chromosomes of rye. Accurate identification of individual chromosomes Secale montanum Guss was achieved using 

simultaneous or successive FISH and C banding. 
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Introduction 

India is an agricultural country, and its economy mostly depends upon agriculture. After the green revolution in India, the use 

of pesticides has been tremendously increased to promote the production and productivity of the crop. In our country, 

Agriculture relies on chemicals to control weeds, pests, and diseases. In modern agriculture, the output can be increased by 

applying pesticides, but their extensive use has surpassed their beneficial effects. There is several non-target plants and animals 

along with the targeted ones who are killed by the use of non-selective pesticides. 

They cause toxic effects on target organisms along with the non-target one. Pesticides cause the elimination of microbes 

essential for soil fertility (Sukul, 2006). Pesticides can leach down and contaminate the groundwater, which is the major concern 

with the use of pesticides (Kookana et al., 1998).  

The main goal of Agriculture practices is to protect the plant from harmful organisms. Organic manure is also effective but due 

to the quick response of pesticides¬, they are used on a large scale nowadays. They facilitate higher plant growth during initial 

application (Steiner et al., 2007) but due to their side effects on the soil microflora and non-target microorganism, it became a 

threat to sustainable agriculture. 

Advantages of Pesticides Use 

Pesticides are very useful to killing of insects which affect the different crop. Worldwide, plant diseases, weeds, and pests cause 

40% yield loss of agricultural products. If we do not use pesticides, crop losses would have been much higher (Benefits of 

Pesticides and Crop Protection Chemicals n.d).   

According to an estimate, 10-20 % yield of bread grains has increased due to use of herbicide and pollinators play an essential 

role in the production of 70 % of the food. There is a shortage of food when declining in food production that resulting in 

increased prices of food products (Benefits of Pesticides and Crop Protection Chemicals n.d.). Therefore, pesticides ultimately 

play an important role in controlling food prices. 

Many food products are contaminated by various toxins such as aflatoxins, and insect control is more important to prevent the 

transfer of these toxins from insect to plant. So, in this way, it is advantageous. Several rodent and insect vectors have also been 

controlled by using pesticides to prevent an outbreak which resulted in improving human health. Millions of people died every 

year by several diseases such as encephalitis, yellow fever, bubonic plague, typhoid fever, typhus, Rocky Mountain spotted 

fever in all over the world which can be prevented by killing the disease vectors by the use of an insecticide.  

Pesticides protect farm and agricultural lands which resulting in protection of all kinds of life. 

Effects of Pesticides 

1. On ecosystem: Recently, the usage of pesticides has increased many folds. Per year about 5.2 billion pounds of pesticides are 

used worldwide according to an estimate. Today, pesticides become a common practice for pests and organism’s mitigation 

all around the world. They can be used in the home to control rats, mosquitoes, cockroaches, ticks, fleas, bugs, and other 

harmful organisms in various form like sprays, poisons, and powders. Its use is not only restricted to agricultural fields, that’s 

why they are frequently found everywhere, including in our food commodities in addition to the environment.   
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2. On pest and microbial population: Survival and reproduction of individual species are affected by the use of pesticides, 

thus affecting the microbial population. Herbicide application may cause a change in enzymatic activity and biodiversity of 

certain groups of microorganisms. It is thus affecting its population size, which may serve as bioindicators in the soil (Milosevia 

et al., 1995; Digrak and Kazanici, 2001). A pesticide is a mixture of substances, biological agents and its formulation in different 

form; thus, it is a toxic chemical substance and sometimes intentionally released into the environment to control, kill and 

destroy populations of rodents, insects, fungi or other harmful pests. 

3. On the aquatic ecosystem: Many researchers reported that pesticides had been used to protect the crop from the massive 

loss caused by pest and pathogen and to improve the quality and quantity of crop produce. But its indiscriminate application 

may lead to contamination of the aquatic environment in various ways: runoff, spray drift, and leaching (Van den Brink, 2013). 

The shift of pesticides from agricultural land to terrestrial and aquatic ecosystems may be harmful (Boithius et al., 2014). 

4. On wildlife populations and species diversity: Beneficial insects, birds, mammals, amphibians, or fish are also get affected 

by the toxic effect of many pesticides.  Wildlife population also decline by the pesticides poisoning. It affects wildlife directly 

or indirectly via food sources and habitats.  

5. On soil fertility: Heavy soil application of pesticides is resulting in a reduction of some beneficial soil microorganisms. 

Mycorrhizal fungi grow with the roots of higher plants and aid in nutrient uptake. These fungi can also be disturbed by 

herbicides in the soil. Another example of Mycorrhizal fungi which is also reduced by the higher application of herbicides in 

the soil. 

6. On food and vegetables: There are many health hazards reported to the use of pesticides. Fruits and vegetables consumed 

by the consumer are also get affected by the pesticide residues.   

7. On beneficial insects: Due to the use of the pesticides, several beneficial insects have died every year such as lady beetles, 

spined soldier bugs, minute pirate bugs, praying mantis, predatory mites and Trichogramma wasps, etc. Because it causes toxic 

effects on these insects, and severely affect the survival, reproduction, parasitism or predation, and reduced the emergence of 

parasitoids from sprayed host eggs. 

8. On humans: Maximum use of pesticides has resulted in serious health effects on the human body. Fetuses, infants, growing 

children, women at childbearing age and, pregnant and nursing mothers are affected by pesticides which results in adverse 

health conditions. Due to pesticides use, the children are more in danger than adults because children eat more relative to their 

body weight than adults. Exposures during growth periods of human can be particularly dangerous. These periods comprise 

fetal development, early childhood, infancy and puberty. Handling of pesticides is also a big issue among field workers because 

it causes acute effect on them.  

According to WHO, about 3,000,000 cases of pesticide poisoning, and 220, 000 deaths are reported in developing countries each 

year (Lah, 2011). About 2.2 million people in developing countries, are at risk of exposure to pesticides (Hicks, 2013).  

Pesticides affect the human body through ingestion, inhalation, or penetration via the skin (Spear, 1991). But most of the people 

get affected by the intake of pesticide-contaminated food and reach to human tissues (Hayo and Werf 1996). 

Conclusion 

Pesticides have proved to be a boon for the farmers as well as people all around the world by increasing agricultural yield and 

by providing innumerable benefits to society indirectly. But today, reduction in pesticide use is one of the high-priority targets 

for sustainable agriculture because the issue of hazards posed by pesticides to human health and the environment has raised 

concerns about the safety of pesticides. Although we cannot eliminate the hazards associated with pesticide use, but we can 

circumvent them in one way or the other. Exposure to pesticides and hence the harmful consequences and undesirable effects 

of this exposure can be minimized by several means such as alternative cropping methods or by using well-maintained 

spraying equipment. 
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Zero Budget Natural Farming (ZBNF), which is a lot of cultivating techniques, and furthermore a grassroots worker 

development, has spread to different states in India. It has achieved wide accomplishment in southern India, particularly the 

southern Indian territory of Karnataka where it originally developed. A good guess for just Karnataka puts the figure there at 

around 100,000 farmer families, while at the national level, ZBNF pioneers guarantee that numbers could run into millions. 

This has been accomplished with no conventional development association, paid staff or even a financial balance. ZBNF moves 

a feeling of volunteerism among its worker rancher individuals, who are the principle heroes of the development. 

It was initially advanced by Maharashtrian agriculturist and Padma Shri beneficiary Subhash Palekar, who created it in the 

mid-1990s as an option in contrast to the Green Revolution's techniques driven by substance composts and pesticides and 

serious water system. He contended that the increasing expense of these outer data sources was a main source of obligation 

and suicide among ranchers, while the effect of synthetic concoctions on the earth and on long haul fruitfulness was destroying. 

Without the need to burn through cash on these data sources — or take credits to get them — the expense of creation could be 

diminished and cultivating made into a "zero spending plan" work out, breaking the obligation cycle for some little farmers. 

The Four Pillars of ZNBF 

1. Jivamrita/jeevamrutha: It is a matured microbial culture. It gives supplements, however in particular, goes about as a 

synergist specialist that advances the action of microorganisms in the dirt, just as builds worm action; During the 48 hour 

maturation process, the vigorous and anaerobic microscopic organisms present in the bovine fertilizer and pee duplicate as 

they gobble up natural fixings (like pulse flour). A bunch of undisturbed soil is likewise added to the readiness, as vaccinate of 

local types of microorganisms and life forms. Jeevamrutha likewise assists with forestalling parasitic and bacterial plant 

ailments. Palekar recommends that Jeevamrutha is just required for the initial 3 years of the change, after which the framework 

becomes self-continuing.  

Step by step instructions to plan jeevamrutha: Put 200 liters of water in a barrel; Add 10 Kg new nearby cow dung 

and 5 to 10 liters matured cow urine; Add 2 Kg of Jaggery (a local type of brown sugar), 2 Kg of pulse flour and a bunch 

of soil from the bund of the farm. Mix the arrangement well and let it mature for 48 hours in the shade. Presently 

jeevamrutha is prepared for application. 200 liters of jeevamruta is adequate for one section of land of land. 

Jeevamrutha Application Apply the jeevamrutha to the yields two times per month in the water system water or as a 

10% foliar splash.  

2. Bijamrita/beejamrutha: It is a treatment utilized for seeds, seedlings or any planting material. Bijamrita is powerful in 

shielding youthful roots from organism just as from soil-borne and seedborne illnesses that normally influence plants after the 

storm time frame. It is made out of comparative fixings as jeevamrutha - nearby dairy animals’ fertilizer, a ground-breaking 

characteristic fungicide, and bovine pee, a solid enemy of bacterial fluid, lime, soil.  

Bijamrita Application as a seed treatment  

Add Bijamrita to the seeds of any harvest: coat them, blending by hand; dry them well and use them for planting. For 

leguminous seeds, simply plunge them rapidly and let them dry.  

3. Acchadana – Mulching: As per Palekar, there are three kinds of mulching:  
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a. Soil Mulch: This ensures topsoil during development and doesn't pulverize it by working. It advances air circulation 

and water maintenance in the dirt. Palekar recommends keeping away from profound furrowing.  

b. Straw Mulch: Straw material for the most part alludes to the dried biomass misuse of past yields, yet as Palekar 

proposes, it tends to be made out of the dead material of any living being (plants, creatures, and so on). Palekar's way 

to deal with soil fruitfulness is straightforward – give dry natural material which will deteriorate and frame humus 

through the action of the dirt biota which is actuated by microbial societies. 

c. Live Mulch (cooperative intercrops and blended yields): According to Palekar, it is fundamental to build up various 

editing examples of monocotyledons (monocots; Monocotyledons seedlings have one seed leaf) and dicotyledons 

(dicots; Dicotyledons seedlings have two seed leaves) developed in a similar field, to supply every single basic 

component to the dirt and harvests. For example, vegetables are of the dicot gathering and are nitrogen-fixing plants. 

Monocots, for example, rice and wheat supply different components like potash, phosphate and sulfur.  

4. Whapasa - dampness: Palekar challenges that plant roots need a great deal of water, accordingly countering the over 

dependence on water system in green insurgency cultivating. As indicated by him, what roots need is water fume. Whapasa is 

where there are both air particles and water atoms present in the dirt, and he empowers diminishing water system, inundating 

just around early afternoon, in interchange wrinkles ZBNF ranchers report a noteworthy decrease deprived for water system 

in ZBNF. 

Advantages of ZBNF 

1. With the increasing expense of outer data sources (manures and pesticides), which is the main source of obligation and 

suicide among ranchers. As indicated by the National Sample Survey Office (NSSO) information, practically 70% of 

horticultural family units spend more than they acquire and the greater part of all farmers are paying off debtors.  

2. Since in ZBNF there is the need to go through cash or take credits for outer information sources, the expense of creation 

could be diminished and cultivating made into a "zero spending plan" work out.  

3. This would break the obligation cycle for some little ranchers and help to conceive the multiplying of farmer’s pay by 2022.  

4. When compound concentrated cultivating is bringing about soil and natural debasement, a zero-cost ecologically well-

disposed cultivating technique is certainly an opportune activity.  

5. The ZBNF technique advances soil air circulation, negligible watering, intercropping, bunds and topsoil mulching and 

demoralizes escalated water system and profound furrowing.  

6. It suits all yields in all agro-climatic zones.  

7. Refering to the advantages of ZBNF, in June 2018, Andhra Pradesh revealed an aggressive arrangement to turn into India's 

first State to rehearse 100% common cultivating by 2024. 

Issues Related to ZBNF 

1. Sikkim (India's first natural state), has seen some decrease in yields following change to natural cultivating.  

2. Numerous ranchers have returned to regular cultivating in the wake of seeing their ZBNF returns drop following a couple 

of years.  

3. While ZBNF has certainly helped safeguard soil richness, its job in boosting efficiency and ranchers' pay isn't decisive yet.  

4. ZBNF advocates the need of an Indian variety dairy animals, whose numbers are declining at a quick pace.  

5. As indicated by Livestock Census, the nation's absolute populace of indigenous and unremarkable dairy cattle has dropped 

by 8.1%.  

6. Low use by the administration: Last year, the legislature propelled Rashtriya Krishi Vikas Yojana, a leader Green Revolution 

conspire with an allotment of Rs 3,745 crore for the monetary year 2019-20. 
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Introduction 

Plant breeding has transformed from morphology-based selection to genotype-based selection over the last decade. The 

confidence of genotype-based selection increased due to next-generation sequencing (NGS) information will lead to the 

evolution of "Next Generation Breeding". The evolution of NGS provides low cost and high throughput DNA sequencing has 

various important practical use in breeding like quantitative trait loci (QTLs) mapping through genome-wide association 

studies (GWAS), genetic diversity analysis through genome re-sequencing, genome-wide prediction through genomic selection 

and identification of new allelic variants and a novel mutation in the genome through genome editing and with the knowledge 

of genome sequences information. The crop genomes sequencing has entirely transformed our idea and understanding of 

genome organization and evolution. Allele mining approaches analyzed allelic diversity of germplasm and screening of an 

unrestricted number of markers. High throughput genotyping with advanced phenotyping platforms explore new 

opportunities for the study of marker-trait associations is the keystone for genomic-assisted breeding. 

Next-Generation Breeding Approaches 

1. Genome sequencing and sequence-based markers: Earlier linkage map with few markers replaced by high-throughput and 

low-cost NGS constructed with mainly high-density SNP markers. NGS can be applied for crop improvement in several ways 

like,  

a. Rapid molecular marker mainly SNPs are identified and the diversity array technology (DArT) based markers are integrated 

with NGS to form NGS-DArT markers. 

b. Transcriptome analysis can be done through the m-RNA sequencing at a different time interval and tissue to study gene 

annotation, gene expression and comparative genomics, etc.  

c. Phylogenetic and ecological studies, population divergence, polyploidy parentage, gene flow and diversity analysis can be 

studied through capturing targeted sequence with NGS techniques.  

d. Epigenetic studies that analyzed morphological trait variations without a change in genomic DNA sequences with NGS 

approaches to enhance the identification of chromatin conformation, DNA methylation patterns and a wide spectrum of nucleic 

acid/ protein interactions.  

e. Prediction of regulatory protein binding domain through the study of genome-wide DNA protein interaction profile with 

Chromatin immune-precipitation. NGS techniques replaced the earlier techniques like microarray-based ChIP-chip, STAGE 

(sequence tag analysis of genomic enrichment) and SAGE.  

f. The loss of genomic and transcriptomic variations has vanished in conventional sequencing which can be preserved through 

NGS approaches to capture the minute genetic variations and mutation present in single-cells. 

g. Exome sequencing which detects variation available in the coding region of the genome of a huge number of genotypes with 

deep coverage and a more cost-effective manner. 

h. The multiple genome sequencing of a single plant species to study the genetic diversity and the allelic variations for 

phenotypic differences (Hamilton and Robin Buell, 2012). 

2. Mining plant diversity: from genotype to phenotype: Allele mining more effective with the advancement in NGS techniques 

to discover superior novel alleles and validate the function of a particular gene governing the trait. It explores the novel alleles 
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of vital genes with the sequence information existing about those genes and validates the function of particular genes governing 

the trait. TILLING and eco- TILLING approaches are outdated nowadays and replaced by TILLING-by-Sequencing which 

provide fast genome-wide identification of mutations improved opportunities for functional genomics through a genome-wide 

pipeline discovery for induced mutations based on multiplexed (10- to 30- fold) exome capture and sequencing is known as 

MAPS (mutations and poly-morphisms surveyor) (Kim and Tai, 2014). 

3. Collecting genetic information through meta-analysis: Different high throughput NGS methods make possible the 

identification of less-abundant microorganisms through intense sequencing of the meta-genome (Knief, 2014) which plays a 

major role in the identification of biotic stress resistance genes. The genome sequence was used for a QTLs meta-analysis for 

partial and complete blast resistance in rice (Philiber et. al., 2012). These meta-data collections shrink the information 

complexity and detect missing information to interpret the genetic variation like INDELs, SNPs and structural variants within 

and between different populations through structured and map of haplotype-based on LD with the association mapping.  

4. Marker-trait associations in large germplasm collections: Cost-effective and high resolution genotyping have opened the 

way to GWAS to exploiting LD between markers and traits over the genome leads to inspecting genetically complex 

phenotypes in natural or man-made populations to overcome barrier inherent to bi-parental linkage mapping and when GWAS 

coupled with Multi-parent Advanced Generation Intercross (MAGIC) populations which provide more allelic hence, greater 

precision in QTL location (Huang and Han, 2014). 

5. The control of genetic recombination: Linkage and recombination still yet play a key role in plant breeding and it is 

important to study the tools which can enhance the crossover incidence to break undesirable allele associations. Reverse 

breeding, makes genetic conservation of selected fertile plants through seeds even if its genetic configuration is unknown. It 

reduces homologous recombination in the designated heterozygote by removing meiotic crossing-over. This can be done using 

RNAi constructs targeting genes for proteins that take part in the establishment of crossovers, such as DISRUPTED MEIOTIC 

Fig.1 [Schematic picture of the fundamental elements of a “next generation breeding”. The 

interaction among the NGS technologies, genetic resources, bioinformatics capacities and 

automatic phenotyping lead to transformation of the traditional breeding strategies into a more 

efficient genetic improvement (Barabaschi et. al., 2016)]. 
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CDNA1 (DMC1) (Dirks et. al., 2009). Genetic engineering of apomixes of apomictic crops, through targeted manipulations of 

reproduction also could have a great value in breeding technology to fix allelic combinations acquired through meiotic 

recombination (Hand and Koltunow, 2014). 

6. Plant improvement through genome editing: The targeted alternation of a gene which creates novel allelic variants in the 

genome through genome editing. The introduction of clustered regularly interspaced short palindromic repeats (CRISPR)/ 

cas9 system, induce sequence-specific mutations through sequence-specific nucleases would give the direct modification 

/introduction traits of interest into the elite lines for breeding (Bortesi and Fischer, 2015).   

7. Genome-wide prediction of breeding value and genomic selection: In genomic selection, all haplotype, locus and marker 

effects are used to scan the entire genome to estimate the genomic estimated breeding values (GEBVs) of the breeding 

populations for the respective training populations for which both genotyping and phenotyping of data are conducted to 

overcome the barriers of MAS and MARS schemes which only capture the major quantitative trait loci (QTLs) with large effects 

but not minor QTLs with small effects for the quantitative traits improvement (Heffner et. al., 2009). It has high accuracy for 

accelerate the genetic gain for the trait of interest. 

Conclusion 

The presence of NGS, bioinformatics resources with advanced phenotyping platforms is transformed plant breeding a step 

forward into a next-generation breeding approaches supported with advanced technologies like allele mining, genome meta-

analysis, GWAS, genomic selection, genome editing, reverse breeding and engineering of the gene responsible for genetic 

recombination. Molecular crop design has improved the speed and efficiency of breeding programs. Next-generation breeding 

will be playing a key role to meet the challenge of agriculture in the 21st century in terms of food security. 
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Introduction 

Today in the era of nutritional security, fruit science has emerged as important sectors of horticulture consisting of cultivation, 

production and improvement of different types of fruits. There is a gradual increase in demand of fruits and their products 

with the growing population. Long juvenility and breeding cycles are some of the constraints in sustained fruit production and 

its improvement. In recent years some significant technological advancement in fruit improvement has revolutionized this 

industry. Genome sequencing, high-throughput analysis of gene expression, molecular markers breeding, express sequence 

tags (ESTs) and high-density genetic maps has paved the way to the genetic engineering and molecular breeding of fruit plants 

for crop improvement. In the last decade, through the use of novel genomic tools, emphasis on crop improvement has been 

shifted toward the identification and functional analysis of mi RNAs. Compared to agronomic crops, the progress of genomic 

studies in horticultural crops is relatively slow. Next generation sequencing (NGS) technologies is an important tool to generate 

genomic resources for many more horticultural crops in lesser time. Genomics is a branch of genetics that applies recombinant 

DNA, DNA sequencing methods, bioinformatics to sequence, assemble and analyze the function and structure of genomes (the 

complete set of DNAs within a single cell of an organism). The field studies the entire DNA sequence of organisms and fine-

scale genetic mapping along with studying of intragenomic phenomena and other interactions between loci and alleles within 

the genome. 

Figure: A flowchart for genome-assisted breeding (Leng et al. 2017) 
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Types of Genomics 

1. Structural genomics: It deals with the characterization of the genome structure. 

2. Functional genomics: It is a branch of molecular biology that deals with the data produced by genomic projects (such as 

genome sequencing projects) to describe gene (and protein) functions and interactions. 

3. Comparative genomics:  It is a field of biological research in which the genomic features of different organisms are compared. 

Needs of Genomic Studies 

1. To study sequence of whole genome 

2. For locating the genes on chromosomes & transcribed regions 

3. To locate promoters and function of motif 

4. For MAS and Genome manipulation   

5. For Utilizing the genetic variation 

Approaches and Utilization of Genomic Assisted Breeding 

1. Genome sequencing projects in Fruit crops: Most of the genome sequencing work has been done on Arabidopsis thaliana, 

however through the use of DNA sequencing technology efforts have been made for genome sequencing of many fruit plant 

species and many more sequencing projects are under progress. Grapevine was the first fruit plant to be sequenced. Recently 

a high-quality draft genome sequence of the domesticated apple (Malus domestica) has been accomplished. Through the use 

of next generation DNA sequencing, characterization of mango leaf transcriptome and chloroplast genome has been done. The 

draft mango cp genome size is 151,173 bp with a pair of inverted repeats of 27,093 bp separated by small and large single copy 

regions, respectively. Out of 139 genes in mango cp genome, 91 found to be protein coding. Sequence analysis revealed cp 

genome of C. sinensis as closest neighbour of mango. 

2. Advanced molecular markers: A DNA marker is typically derived from a small region of DNA located on a chromosome 

that shows sequence polymorphism between individuals within a species. Recently, several projects on functional and 

structural genomics have been established for different crop species. The knowledge of advanced molecular markers will allow 

systematic development of functional markers (FMs). Random DNA markers (RDMs), gene targeted markers (GTMs) and 

functional markers (FMs) are defined on the basis of functional characterization of the polymorphisms monitored by these 

marker types. RDMs are derived randomly in the genome from the polymorphic sites, whereas GTMs markers are derived 

from polymorphisms within genes. Both RDMs and GTMs independently develop their relationship to any phenotypic 

characters. Functional markers are derived from polymorphic sites within genes causally involved in phenotypic trait variation.  

3. Mapping Genomes: Mapping genomes assigns/locates specific gene to particular region of a chromosome for determining 

the relative distances. It may either be physical mapping or genetic mapping. 

a. Physical mapping: Through the use of DNA fingerprinting where DNA is cut by a restriction enzyme and fragments 

are separated by electrophoresis, the contigs are assembled by automated (FPC) or manual means (Pathfinders) into 

overlapping DNA stretches. Now the desired clones can be efficiently sequenced of the organism under study. Once 

the map is determined, the clones can be used as a resource to efficiently contain large stretches of the genome. This 

type of mapping is more accurate than genetic maps.  

b. Genetic mapping: A genetic map is linear, and distances between loci. The farther apart two loci are, the more likely 

that a crossover will occur between them. Conversely, if two loci are close together, a crossover is less likely to occur 

between them. Recombination can only be detected between two loci, both of which are heterozygous. The 

dominant/recessive relationships must allow for detection of recombinants. The most useful systems involve co 

dominant alleles. Efficient mapping requires polymorphic loci, i.e. loci with two or more common alleles. Loci that 

have a single common allele are described as monomorphic. Any variations in DNA, whether in coding regions of 

genes or in noncoding regions, can be used as genetic markers, i.e. as a label for a particular point on a chromosome. 
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4. Association mapping: It is known as linkage disequilibrium or association genetics mapping. This method of mapping 

quantitative trait loci (QTLs) has advantage of historic linkage disequilibrium to link phenotypes to genotypes. Association 

mapping is based on the idea that traits that have entered a population will more often be found within a given haplotype, 

than outside of it. It is done by scanning the entire genome for significant associations between a panel of SNPs and a particular 

phenotype. These associations are then independently verified to show whether they contribute to the trait of interest directly 

or are linked to/ in linkage disequilibrium with a quantitative trait locus (QTL) that contributes to the trait of interest. 

5. Marker assisted breeding: Molecular markers helps in facilitating mapping and tagging of agriculturally important genes 

in crop plants. MAS is more widely used for simple inherited traits rather than for polygenic traits Marker-assisted selection 

(MAS) is gaining significant popularity as it improves the efficiency of plant breeding through precise transfer of genomic 

regions of interest and accelerates the recovery of the recurrent parent genome. The success of MAS depends on many critical 

factors such as the number of target genes to be transferred, the distance between the target gene and the flanking markers, 

number of genotypes selected in each breeding generation, the nature of germplasm and the technical options available at the 

marker level. 

Conclusion 

Identification of genetic makeup of individual plants rapidly and selection of desirable genotypes in breeding populations is 

at most priority of a breeder. In the post-genomics era, high throughput approaches combined with automation and enhanced 

bioinformatics techniques will significantly contribute towards genomics research for crop improvement. However, the costs 

of applying genomics strategies and tools are often more than is available in commercial or public breeding programmes, 

particularly for inbreeding crops or crops that are only of regional importance. Newly developed genetic and genomics tools 

will enhance, rather than replacing the conventional breeding and evaluation process. The ultimate test of the value of a 

genotype is its performance in the target environment and acceptance by farmers. 
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Introduction 

Biointensive agriculture is an organic agricultural system, which focuses on maximum yields from minimum area 

of land, while simultaneously improving and maintaining fertility of soil, generally emphasizes biodiversity 

conservation; recycling of nutrients; synergy among crops, animals, soils, and other biological components; and 

regeneration and conservation of resources is a type of agro-ecological approach. This is the alternative approach 

that can appropriately address the central issue of hunger, poverty, food / nutrition insecurity and livelihoods 

(Rajbhandari, 2017). 

Biointensive farming is a self-help food raising method based on building and maintaining soil fertility and using 

NO chemicals. The goal of the method is long term sustainability on a closed system basis. The biointensive farming 

model aims at restoring soil health and designing an environment that creates healthy plants, trees and animals. 

Biointensive training provides specific ideas on reducing and eventually eliminating the use of chemicals fertilizers, 

pesticides, herbicides, fungicides, and the like. It addresses the healing process of the soil’s fertility and structure to 

put nutrients back into the soil and the give the soil the ability manage different levels of water. 

 

Fig. Methods involved in Intensive farming system 

Double Dug, Raised Bed Method 

In double digging, a 12-inch (305 mm) deep trench is dug across the width of the bed with a flat spade, and the soil from that 

first trench is set aside. The 12 inches (305 mm) below the trench are loosened with a spading fork. When the next trench is 
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dug, that soil is dropped into the empty space of the first trench, and the lower layer is again loosened with a spading fork. 

This process is repeated along the full length of the bed. 

The purpose and benefit of double digging is the aeration of the soil. Compacted soil creates a physical resistance to root 

growth; plants roots have to push harder to grow. This physical resistance is lessened when we aerate the soil; roots are able 

to grow fully and easily. In addition to plant roots being dependent upon air, a good portion of the soil microbial life is 

dependent on air. They are aerobic organisms. This soil life is largely responsible for the texturing, structuring and cycling of 

nutrients in the soil. 

Carbon Farming 

Planting the same crop in the same piece in succession creates soil nutrient deficiencies and also encourages insect and disease 

problems. 

So, this is based on cultivating crops that produce high amounts of biomass, and therefore, carbon (the main building element 

of plant bodies). Like we can go for green manuring or legume crops which can add nitrogen along with a large amount of 

organic matter to soil. These crops usually make up at least half of the available land because they provide the necessary 

material to replenish soil fertility, crucial for farming success. 

Companion Planting 

It is the planting of different crops in proximity for any of a number of different reasons, including pest control, pollination, 

providing habitat for beneficial creatures, maximizing use of space, and to otherwise increase crop productivity. Nature’s 

ecosystem is varied and balanced, with harmonious, beneficial relationships. While our main focus is on growing a healthy 

soil, an additional goal is to make our field reflect nature’s diversity. 

Calorie Farming 

A care is given to growing enough food energy (and other nutrients) to live on in a minimal area. Root crops are often used in 

calorie farming because they allow biointensive farmers and gardeners to grow more nutrients in smaller areas, resulting in 

less labor per calorie, and more space for wilderness and other people. These crops—which have both a high calorie content 

per pound, and a high yield per area—include potatoes, sweet potatoes, garlic, leeks, burdock, Jerusalem artichoke and 

parsnips. These crops can produce as much as 5 to 20 times the calories per unit of area per unit of time. In biointensive farming, 

30% of the land cultivated for food is used for root crops. 

Benefits / Importance 

1. Use 67% to 88% less water than conventional agricultural methods. 

2. Reduces the use of inorganic fertilizer, increases use of organic, locally available fertilizer So, indirectly reduces pollution 

also. 

3. Use up to 99% less energy than commercial agriculture, while using a fraction of the resources. 

4. Increases in soil fertility. 

5. Require less area to produce equal amount of yield. 

6. Reduce by 50% or more the amount of land required to grow a comparable amount of food. This allows more land to remain 

in a wild state, preserving ecosystem services and  

7. Promote genetic diversity by growing in a traditional manner. 

8. Generate regular farm employment. 

Conclusion 

Farming system simply consist positive interaction of two or more component within the farm to enhance productivity and 

profitability in a sustainable ad friendly way and biointesive farming fulfil these criteria. Biointensive farms obtain compost 

from carbon farming. The main source of inspiration for this way of farming is the great biodiversity and harmony between 

plants in nature. In the biointensive farming system, soil fertility is maintained by allotting 60% of what is grown to compost 
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crops. A focus on the production, through these crops, can ensure that both the gardener and the soil will be adequately fed 

and that the farm will be sustainable. 

References 

1. https://www.biointensive.net/en/pubs/13  

2. http://www.growbiointensive.org/PDF/FarmersHandbook.pdf  

3. Rajbhandari, B.P. 2017. Biointensive farming system and sustainable livelihoods, kathamandu: HICAST. 

  

http://www.agrifoodmagazine.co.in/
https://www.biointensive.net/en/pubs/13
http://www.growbiointensive.org/PDF/FarmersHandbook.pdf


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            848 | P a g e  
 

Low Energy Precise Application (LEPA)- An Improved Irrigation System 

Article id: 23900 

Bishnupriya Patra: Ph. D Research Scholar, Department of Agronomy, Orissa University of Agriculture and Technology, 

Bhubaneswar, Odisha-751003. 

 

Introduction 

LEPA irrigation was evolved in early 1980’s to meet the needs of the declining aquifer levels in the western high plains of the 

United States. Helping the irrigators in arid and semi-arid areas to increase the use of their water resource and significantly 

aggrandize irrigation efficiencies. It was workable for those areas experiencing declines in water availability due to dropping 

water tables, dwindling surface supplies, or supply decline from other socio-economic reasons. 

It is an efficient irrigation practice foregrounding low-pressure LEPA bubblers. The bubblers use less energy than conventional 

low-pressure sprinklers and can work using fewer gallons per minute. The mechanical component of a LEPA irrigation system 

is a moving truss system with water conveyance tubes extending from the system mainline to near the soil surface, where 

correctly sized orifices control deposition of water to particular soil furrows. Irrigation runoff averting from the furrows as well 

as rainfall capture is refined with soil surface storage enhancement, which is primarily by furrow diking. 

Stages of Development 

In older LEPA systems, applicators are positioned for depositing water into each furrow. This compels planting in a circle for 

center pivots and straight rows for linear machines. Heat accumulates in the dry field zones and keeps the plant warmer. The 

plants share the water in the furrow in between. This keeps the crop canopy dry and preclude possible damage from salt in the 

water. It is a improvement over time of sprinklers on center pivots from high pressure influence on the top of pivots to Low 

Elevation Spray Application (LESA). 

Figure: stages of development of irrigation system 

1st Stage: High Pressure Sprinkler 

1. These sprinklers needed 45-80 psi at the pivot point to operate properly,  

2. Spaced 20-30 ft apart,  

3. Irrigation application efficiency was about 60%  

4. However due to the large wetted radius, there is more time for the water to infiltrate into the soil as the pivot rolls past. 

2nd Stage: MESA 

1. Sprinklers typically use 15-20 psi pressure regulators and thus need about 35-40 psi at the pivot point to operate properly.  

2. They are spaced about 10 ft apart 

3. Irrigation application efficiency is typically about 85%  
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4. The smaller wetted radius doesn’t allow as much time for the water to infiltrate into the soil as the pivot passes. 

3rd Stage: LESA 

1. Need much less pressure to operate properly and use 6-10 psi pressure regulators.  

2. The drops are spaced 5 ft or less apart 

3. irrigation application efficiency is typically about 97%  

4. Because of the small wetted radius, ponding and runoff can be an issue on certain soils, slopes, and soil surface conditions. 

4th Stage: LEPA 

1. Modification of the typical sprinkler configuration on center pivots or linear-move machines  

2. Minimizes evaporation and wind drift losses by running the water directly onto the soil surface at very low pressure 

3. Low pressure  

4. Saves significant pumping energy 

LEPA and LESA were also consist similar way of irrigation application procedure, so considered as similar stages of 

development of sprinkler irrigation. 

Drawbacks 

1. It can increase ponding and runoff due to application of the same amount of water in less time due to the decreased wetted 

radius.  

2. Installation costs is more, associated with increased amounts of hose, more pressure regulators and additional sprinkler 

weights. 

3. Smaller nozzle size lead to an increased propensity for sprinkler nozzle plugging with dirty surface water sources.  

4. LESA may cause issues with chemigation uniformity when the sprinklers are below the top of the canopy. Chemigation 

plates are available that spray water upwards, but studies have not yet been done on how effective these are for pest and 

disease control when the sprinklers are below the tops of the canopy. 

Results 

LEPA maximizes the effectiveness of water usage and helps growers:  

1. Prevent wind-drift losses and evaporation loss 

2. Applies water more evenly & evade wetting of plant canopy  

3. Achieve a more uniform root zone coverage 

4. Can increase yield using less water & can reduce pumping costs through low-pressure systems 

5. Ideal for both high- and low-profile crops 

6. Qualifies for government funding in select areas. 

Deliberations 

For optimum results, fields with LEPA systems should incorporate: 

1. Spacing should be 40 inches or less between applicators 

2. Height of sprinkler should be- 8 to 18 inches above the ground 

3. Field should be properly leveled (maximum slope is 1%) 

4. Filtering - smaller nozzles are prone to plugging. 

Conclusion 

This improved irrigation application efficiency can result in high yield and crop quality amplifies, salutary to growers 

especially when there are water scarceness and the marginal value of getting further water into the soil is high. 
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3D Printing 

The three dimensional (3D) printing is a form of additive manufacturing technology where a three dimensional objects are 

created by laying down successive layers of material directly based on pre-designed file created by Computer-aided designs 

with the help of computers. This 3D printing has been widely applied in many fields, such as machinery, biomedicine, 

engineering and also recently in food industry. 

History of 3D Printing 

The earliest 3D printing technologies first became visible in the late 1980’s at which time they were called Rapid Prototyping 

(RP) technologies. This is because the processes were originally conceived as a fast and more cost-effective method for creating 

prototypes for product development within industry. first patent application for RP technology was filed by a Dr. Kodama, in 

Japan, in May 1980. Unfortunately for Dr. Kodama, the full patent specification was subsequently not filed before the one-year 

deadline after the application, which is particularly disastrous considering that he was a patent lawyer. when the first patent 

was issued for stereolithography apparatus (SLA) to Charles Hull in 1986. 

3D Food Printing 

3D food printing is also referred as Additive Manufacturing and Solid Freeform Fabrication. This technology is characterized 

by a layer by layer material deposition mode based directly from a pre-designed file.  3D food printer was firstly, introduced 

in food sector by researchers from cornell university using an extrusion-based printer (fab@home). 

Different Domain of 3D Food Printing 

1. Architecture & Auto mobiles 

2. Industrial Design 

3. Jewellery 

4. Aerospace 

5. Dental & Medical  

6. Engineering & Construction 

7. Food Industry 

Advantages of 3D Food Printing 

This innovative technology is bound by numerous advantages such as 

1. Customized food designs 

2. Age and need based personalized nutritional recipes 

3. Simplifying supply chain process 

4. Broadening of the available food material with varied attractive colour, shape and size. 
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Multi-Disciplinary Workflow in 3D Food Printing 

Various Techniques for 3D Food Printing Basically Includes 

Extrusion: The process of extrusion melted material or paste like slurry is extruded out 

continuously from a moving nozzle, and welds to the preceding layers on cooling. Wide variety 

of soft-materials are printed such as chocolates, dough, mashed potatoes, cheese and meat paste. 

While, complex and delicate shapes are inherently limited. Additional structural objects can be 

used to support the product geometry.  

Various and Important Extrusion Types are Listed Below 

Critical Properties for EBP 

1. Moisture content 

2. Rheological properties (viscosity, gelation, flowability, shear thinning etc.) 

3. Specific crosslinking mechanisms to maintain the structure and shape 

4. Thermal properties 

Selective Sintering 

Technology that applies a power laser to selectively fuse powder particles together 

layer by layer finally into a 3D structure. This Scan cross-section on the surface of 

each layer and selectively fuses the powder. After scanning each cross-section, the 

powder bed is dropped and a new layer of powder is covered on top. This process is 

repeated until the desired structure is finished and the unfused powder will be 

recovered for next printing. Selective sintering allows for the production of free-

standing complex 3D structures with high resolution. Available material is limited to 

Screw type Syringe type Air pressure operated 
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powder material, such as sugar, fat or starch granule (low melting point). Material 

properties (particle size, flowability, bulk density and wettability) and processing 

factors (laser types, laser power, laser spot diameter, etc.). Are both critical to the 

printing precision and accuracy of fabricated parts. 

Binder Jetting 

Binder jettting involves deposition of powdered materials layer by layer and the binder was selectively ejected upon each 

material layer at certain regions based on the data file. Binder fuses the current cross-sections to previous and afterwards fused 

cross-sections. 

The un-fused powder will support the fused parts at all times during the 

fabrication process, allowing for the production of intricate and complex 

structures. Fabricate complex and delicate 3D structures, have the potential to 

produce colorful 3D edible objects by varying binder composition. Structural 

material is only limited to powder stuff. Powdered material and binder are critical 

to the successful fabrication. A free-flowing powder with suitable spreading and 

packing properties is preferred in binder jetting. Binder must have suitable 

concentration, viscosity, surface tension, ink density, and suitable properties to 

prevent spreading from nozzles. In addition, Post processing factors such as 

baking and drying are most important. 

Inkjet Printing 

Inkjet printing are designed to dispenses a stream of droplets from a thermal or piezoelectric head to certain regions for the 

filling or image decoration on food surfaces. 

In a continuous jet printer, ink is ejected continuously through a piezoelectric crystal vibrating at a constant frequency. To get 

a desired flow ability of the ink, it is charged by the addition of some conductive agents. Ink is ejected out from heads under 

pressure exerted by a valve. Generally, the printing rates of drop-on-demand systems are slower than that of continuous jet 

systems. Resolution and precision of produced images are higher. Generally, inkjet printing handles low viscosity materials 

that do not possess enough mechanical strength to hold 3D structure. 

1. Printing precision and accuracy depend on, 

2. Compatibility   

3. Rheological 

4. Temperature  

5. Printing rate 
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The most used binder film is shellac, polyglycerol, oleates and polysorbates. Viscosity and rheological properties of edible ink 

is also critical to the printing precision and accuracy. 

Advantages in Specified Food Areas 

1. Military food 

a. Meals on demand in the battlefield 

b. Individual Soldier can make food based on their nutrition and energy requriments 

c. Storable in raw form/ semi processed form 

2. Space food 

a. Nutritional stability without any change in quality  

b. Acceptable meals with good flavour and sensory attributes 

c. Sterile package used to pack foods and are safe to consume 

3. Elderly food  

a. Old age people who have problem in chewing and swallowing difficulties can use these technologies for production 

of soft attractive foods. 

Confectionery market 

b. 3D food makers are focusing on sweets, especially chocolates - such as Hershey and chocedge 

4. Constraints 

a. Cost of production is more which further increase the burden on consumers to purchase 

b. Lack of industry standards which lack strict rules to guide and support consumer 

c. Material compatibility: different printers are required to print different stages of food. 

d. Process productivity is very low and they consume more of electric power 

Conclusion 

The 3D printing has been recently investigated in food sector which have great advantages, such as customized food designs, 

personalized nutrition, simplifying supply chain, and broadening of the available food material. This 3D food printing 

technology is strongly dependent on the material properties, process parameters and binding mechanisms. Recently, great 

efforts have been made to achieve desirable properties of 3D constructs having end-use properties with minimal post 

processing requriments than those obtained through traditional manufacturing method. Wider application of 3D food printing 

is expected, once all the challenges are encountered in the area of food processing. 

Reference 

1. Chia, H. N. and Wu, B. M., 2015, Recent advances in 3D printing of biomaterials. Journal of Biological Engineering, 9(4): 1-14. 

2. Shirazi, S. F. S., Gharehkhani, S., Mehrali, M., Yarmand, H., Metselaar, H. S. C., Adib Kadri, N. and Osman, N. A. A., 2015, 

A review on powder-based additive manufacturing for tissue engineering: selective laser sintering and inkjet 3D printing. 

Science and Technology of Advanced Materials, 33: 401-502.  

3. Liu, Z., Zhang, M., Bhandari, B. and Wang, Y., 2017, 3D printing: Printing precision and application in food sector. Trends 

in Food Science & Technology, 69: 83-94. 

4. Godoi, F. C., Prakash, S., and Bhandari, B. R., 2016, 3D printing technologies applied for food design: Status and prospects. 

Journal of Food Engineering, 179: 44-54. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            854 | P a g e  
 

Strawberry Cultivation in the Hills of the Nilgiris, Tamil Nadu – Status Paper 

Article id: 23902 

S. Karthikeyan: Assistant Professor (Horticulture), Horticultural Research Station, Tamil Nadu Agricultural University, Ooty 

– 643 001. 

D. Keisar Lourdusamy: Associate Professor & Head, Horticultural Research Station, Tamil Nadu Agricultural University, Ooty 

– 643 001. 

M. Tilak: Assistant Professor (Agrl. Microbiology), Horticultural Research Station, Tamil Nadu Agricultural University, Ooty 

– 643 001. 

 

Introduction 

Nilgiris, a hilly district with beautiful flora and fauna is one of the biodiversity hot 

spots in India and an important natural source of wealth for maintaining the 

environmental features with its mountainous amid valley nature.The Nilgiris is 

having rich agro-horticultural crops with varied cropping pattern from subtropics 

to temperate crops. The prevailing temperature and relative humidity and rainfall, 

seasonal parameters mark a place for commercial cultivation of strawberries. The 

hill altitude ranges from 400 m to 2200 metres above mean sea level with plantation 

crops as its major share.  

The unpredictable market glut and prevalence of price for major exotic temperate 

vegetable and plantation crops, made to think of an alternate profitable venture for 

the farmers to ensure sustainability in farming, made the farmers of the Nilgiris and 

horticulture professionals think and promote new ventures for the market with 

quality and quantity of the produce. 

Nilgiris - Wealth 

The Nilgiris known for its rich tea plantations, potatoes, temperate exotic vegetables, farmers now are considering strawberries 

as alternate crop. The varieties grown in Europe and California can be grown up here in The Nilgiris. This crop needs high 

investment, risk involved amid growing challenges to biotic and abiotic stress needs to be understood.  The temperate fruits 

crops apple, peach, pear, plums are traditionally grown from British period and strawberry as commercial cultivation in 

greenhouses with new and improved varieties is a new introduction to the hill growers which adds employment opportunities 

to the rural youth and women as an additional avenue to explore the niche market in the contemporary situations.  

Nilgiris district is having four blocks of Ooty, Coonoor, Gudalur and Kotagiri wherein the altitude ranges favours cool climate 

for the cultivation of the crop. The Nilgiris is having a good potential for cultivation of the crop under open field and 

greenhouse conditions. At present, the area under the crop is close to 30 acres [Source: Department of Horticulture, The 

Nilgiris]. The quality of the fruit is much better under greenhouse cultivated when 

compared with open field grown. 

Strawberry – Potential 

Strawberry, a potential temperate fruit crop is taking strides in the cultivation of the 

area in The Nilgiris of late in an improved way by the farmers in the hill district. The 

fruit is well known for its blend of sweet and sourness with the right combination of 

Total Soluble Solids (TSS) and acidity. 

Normally strawberry is preferred and tasted by the above middle class and rich people 

for its delicious taste, rich aroma and rich in nutrients particularly for its Vitamin C 

Figure 1 Strawberry with fruit 

Figure 2 Strawberry in 

Greenhouse system 
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content. Apart from the direct consumption of the fruit, it has an ample opportunity for value addition and combining for 

flavouring dishes particularly ice creams, cakes, etc.  

Extremes of weather conditions prevailing in recent days in the Nilgiris district and interference by animals have necessitated 

the cultivation of strawberry under protected conditions. The protected cultivation 

system with its high investment for the crop needs intensive practices in terms of inputs, 

labour to emerge successful in the strawberry cultivation and to sustain in the market 

with acontinuous supply.  

Strawberry is a native of France and belongs to the family Rosaceae. The crop is grown 

in temperate regions and in India, it is grown in Maharashtra, Tamil Nadu, Mizoram, 

Meghalaya, Kerala, Himachal Pradesh and Jammu and Kashmir. The major contributor 

of Strawberry for the major metropolitans’ cities comes from Mahabaleswar. The 

strawberries grown in Nilgiris are produced throughout the year and particularly 

ensures the supply during non-available period in Maharashtra i.e., June to November. 

Strawberry Production – A Technical Know-How 

Strawberry is a short-day plant. Strawberries are grown as perennial herbs with shallow root system in temperate regions and 

in sub tropics it behaves as annuals (Finn and Strike, 2008). The area under the cultivation of the crop in India is 1000 ha with 

a production of 5000 tonnes during the year 2014-2015. (Horticultural Statistics at a Glance, 2015). The varieties Tioga, 

Camarosa, Sweet Charlie, Winter Dawn, Chandler etc., are commercially grown in India. 

The preference of the crop to survive well in the soil range of 5.5 to 6.5 is an additional 

feature where the nature of hilly soil and weather favours much preferable for its 

commercial production.  

Strawberry is commercially propagated through runners, and as tissue culture mode. In 

hills, November-December is the normal planting season which coincides with the harvest 

during the peak summer which ultimately results in more prices of fruits in the market. 

Some of the farmers get the planting material (runners) from the authorized planting 

material suppliers from Pune, Bangalore and few import the mother plants on their own 

and make it to further propagate on their own for farm planting. 

The crop is planted with a spacing of 45 x 30 cm in a criss-cross pattern with a bed width of 1 m under drip system thus, 

accommodating 25000 plants in an acre, 4000 sq.m of area in a greenhouse grown crop. 30-micron mulching sheet which has 

the capacity to with stand for 2 years for the total cropping period is provided as plastic mulch. The mulching is very good 

system which prevent the weed growth, maintains soil temperature in hilly regions and in particular the protection from fruit 

rots which helps in harvesting and reaping good benefits. Strawberry is a nutrient exhaustive crop and managing the nutrient 

requirement either through organic or inorganic practices is a challenging task for the grower in commercial gardens.  

Deleafing is one such important activity and practice to be followed for maintaining the crop to balance the runner and fruit 

production amid day length variations which have a high impact on the season of growing and varietal choice of the grower. 

The quality strawberry fruits with shape, size, colour, flavour, firmness with appealing characters determine the market 

preference of the fruit. The fruits are harvested in 2 months period after planting and the 

number of fruits per plant is around 30 to 35 numbers and average weight of fruit weigh 

around 25 to 30 grams which the total yield of plant comes to around 950 to 1050 grams per 

plants in a life cycle of 8 to 10 months and extending the crop life cycle depends on the 

maintenance for another one cycle. The average price of the fruit per kilogram is about Rs. 350 

to 500/- and normally packed in punnets of 200 grams box, thus facilitating marketing of the 

attractive reddish conical shaped fruit. However, inspite of all the hurdles faced in the 

production system, the shelf life has to be taken care after harvest of the fruits and it has to be 

done in cold chain till it reaches the consumer end for maintaining freshness of the fruit to 

Figure 3 Strawberry in open 

field 

Figure 4 Strawberry with 

fruit 

Figure 5 Botrytis 

infection, a serious 

disease in Strawberry 
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enjoy its flavour and taste. Like other crop cultivation, strawberry is likely to be infested and infected by insect pest and diseases 

and can be managed by the application of proper measures. 

Conclusion 

The Nilgiris administration is promoting the organic system of practices in a bigger way among the farmers and since being a 

directly consumable fruit crop, the organic way of practices will certainly have a niche market for the farmers to get reasonable 

prices thus ensuring the sustainability of the crop cultivation among the farmers. There is a very good potential in exploring 

the crop in terms of value addition in preparation of jam making and other products with proper guidance to increase the area 

of cultivation and production factors to be considered to explore the possibilities of marketing the fresh produce as well as 

value added produce to reach the common man; thus ensuring sustainability factor. 

    Packing with 200 grams punnets                Interaction with Mr.Jeevan, Organic Strawberry grower 
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Introduction 

Rapeseed and mustard are the most important oilseed crops of India only next to groundnut but in Bihar, it occupies the 

premier position. It’s seeds are known by different names in different places as sarson, raya, rai, toria, lahi, laha etc. Sarson and 

toria (lahi) are known as rape seeds while rai or raya or laha is termed as mutard. It meets the fat requirement of more than 50 

% population. The seed and oil are as used as condiments for preparing pickles and flavouring curries and vegetables. The oil 

is used for human consumption in cooking, as medicines, hair oil, massaging oil. It is also used for manufacturing grease, soap, 

mineral oils etc. The oil cake is used for cattle feed and manure. The leaves of young plants are used as green vegetables as 

they supply enough sulphur and minerals. The tanning industries use its oil for softening leather. For obtaining higher 

production and profit, scientific package and practices needs to be followed as mentioned in different sub-heading- 

1. Climatic requirements: It requires cool temperature during growing period in general and  dry weather during harvest. For 

good yield realization, cool temperature, clear dry weather, bright sunshine accompanied with adequate soil moisture are 

essential and these types of favourable conditions are found in northern part of India. It is grown in rabi season from September 

- October to February - March. They prefer moderate temperature of 24-28 oC with an optimum of 20 oC. Brassicas grow well 

in areas receiving 350-550 mm of rainfall. Sarson  do well in low rainfall areas where as raya and toria are grown in medium to 

high rainfall areas respectively.  Toria is more susceptible to frost and cold is, therefore, usually sown earlier and harvested 

before the onset of frost.   Rape seed and mustard are long day plants and they do not  tolerate to drought and water logging.  

2. Soil: It can be grown in a wide range of soil conditions varying from sandy loam to clay loam but thrive best on medum to 

heavy  loam soils. Water logging is very harmful for this crop. Very light soils usually cause a severe moisture stress resulting 

in poor crop growth and yield but if there is any provision of irrigation, they can be grown successfully even on light textured 

soils. An ideal soil pH range is 6.0 – 7.5 but Indian mustard can tolerate salinity and sodicity also with a slight higher seed rate 

to get optimum plant population. 

3. Land preparation: The rapeseed and mustard need a weed free, fine, firm and moist seedbed for germinating seeds and 

young seedlings. For this purpose, one pre-sowing irrigation must be given if there is insufficient moisture in the field.The land 

should be well prepared first by ploughing deep by soil turning plough followed by two cross harrowing. Each ploughing 

should be followed by planking so that the soil is well pulverized and levelled. Weeds and crop stubbles should be removed 

from the field thereafter. 

4. Sowing time: Sowing time is the most important factor affecting the yield and oil content in the seed and it is an important 

non-monetary input. Since the development of oil in the seed is greatly influenced by the variation in the atmospheric 

temperature, humidity and other biotic factors; sowing either too early or too late will be harmful. Toria must be sown up to 

10th October.  Yellow sarson, mustard (timely sown) and mustard (late sown) should be sown from 10th -20th October, 15th -

25th October and 25th November -7th December, respectively. If sowing is delayed, there is a danger of aphid attack and also 

the crop suffers from cold due to low temperature and ultimately there will be reduction in yield. Sowing of crop should be 

done when the daily mean temperature is around 26-28 oC. Early to mid September is the optimum sowing time for toria but 

it sown up to middle of October in some part of the country. When the daily mean temperature will be around 24-26 oC in 
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north Indian plains (around middle of October), it is considered best time for sowing of rapeseed-mustard. For late sown 

condition particularly in Bihar, one variety of mustard as ‘Rajendra Sufalam’ can be sown even in first week of December.  

5. Seed Treatment: Before sowing, seed must be treated with Bavistin @2.0g/kg seed or Captan or Brassicol @4.0g/kg seed to 

minimize fungal diseases as an strategy of integrated disease management. To control stag head phases of rust, seeds should 

be treated with Apron @6.0g/kg seed. 

6. Seed rate: In general, 5 kg seed is required for one hectare of pure crop while 2-3 kg seed is needed when grown as mixed 

or intercrop. Seed rate also depends on boldness of seeds and growing conditions. If the seed is bold, a higher seed rate is 

applied. Similiarly, for rainfed or dryland condition , a higher seed rate is recommended. The seeding depth should not exceed 

3-4 cm. 

7. Spacing: Generally, 30 cm is maintained between row to row and10 cm distance is kept between plant to plant for better 

result but it varies between region to region and between mustard, sarson and toria. A plant population of 2.2-3.3 lakh 

plants/ha or 25-30 plants/m2 is considered as optimum plant population. 

8. Method of sowing: Line sowing is always better than broadcasting method. However, in case of high moisture especially 

for toria and in case of paira cropping; broadcasting is adopted to avoid delay of sowing. Generally, 30 cm x 10 cm is 

recommended for toria and sarson and 30-45 cm x 10-15 cm spacing is recommended for mustard varieties. A slight wider 

spacing is recommended for hybrid varieties.     

9. Manuring: This crop respond well to organic manures. Therefore, apply 10-15 tonnes compost/ farm yard manure (if 

available) in the soil before 20-30 days of sowing. It will not only supply nutrients to the crop but also improves the physical, 

chemical and biological conditions and moisture retention capacity of the soil. 

10. Fertilizers: Fertilizers have a great role in substantial increase in yield. However, the response differs according to the crop, 

soil types, climate and fertilizer practices. But in general, a fertilizer dose of 60:40:40:20, 80:40:40:20, 80:40:40:20 and 60:40:40:20 

kg/ha N:P:K:S kg/ha is recommended for toria, yellow sarson, mustard (timely sown) and mustard (late sown) for irrigated 

condition and 30:20:20:10, 40:20:20:10, 40:20:20:10 and 40:20:20:10 kg/ha N:P:K:S is recommended for toria, yellow sarson, 

mustard (timely sown) mustard (late sown) for rainfed conditions, respectively. Under irrigated condi:tion, full dose of 

phosphorus, potash and half dose of nitrogen is applied as basal and the remaining half of nitrogen is top dressed after thinning, 

weeding and first irrigation is over and at the time of flowering but under rainfed condition, full dose of all the fertilizers is 

applied as basal dose. Sulphur has been found very crucial for yield and oil content increase. Therefore, application of about 

20-25 kg S/ha and 25 kg Zinc Sulphate (if found deficient) has been reported good for the crop. There may be higher or lower 

doses of fertilizers as per soil test values and growing conditions. 

11. Thinning and Weeding: Thinning is done to maintain a distance of 10 cm between plant to plant after 2-3 weeks of sowing. 

Weeding is also very essential to avoid competition with the crop for nutrients and soil moisture especially in the early stage 

of crop growth. Hence, a manual weeding after three weeks of sowing is quite necessary to check the weed competition. 

Chemicals can also be used for effective weed control. Nitrofen/Isoproturan @ 1.0-1.5 kg/ha as pre-emergence in 800-1000 

litres of water has been found quite effective. 

12. Irrigation: Although rapeseed and mustard are usually grown as rainfed on the conserved moisture but it respond well to 

irrigation. For toria, one irrigation at flowering stage and two irrigations at flowering and siliqua formation stage are beneficial 

for yellow sarson and mustard. 
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Varieties, Maturity Period and Yield 

 
 
 
 
 
Toria 

Varieties 
 
 

Maturity period 
(days) 
 

Yield  
(ql/ha) 
 
 
 

RAUTS-17 80-90 12 

T-9 90-95 12 

Bhawani 90 10 

Panchali 90-105 11 

PT 303 95-100 12 

Yellow sarson Rajendra sarson-1 100 15 

Swarna 110-120 16 

66-197-3 120-125 14 

Jhumka 90 12-13 

Mustard 
(Timely sown) 

Varuna 
(irrigated/rainfed) 

135-140 20 

Pusa Bold (Diara lands, 
Irrigated/rainfed) 

120-145 19 

Kranti (irrigated) 125-130 21 

Rajendra Sufalam 120-135 20 

NRCHB 101 120-135 20 

Mustard 
(Late sown) 

Rajendra Rai Pichheti 108-116 14 

Rajendra Anukool 105-115 13 

Rajendra Sufalam 107-117 16.3 

Plant Protection 

1. Diseases: Out of several diseases the most destructive ones are: 

a. Alternaria Blight: Caused by Alternaria brassicae. The pathogen perpetuates through seed and affected plant 

portion (refuse) in the soil. This disease is characterized by the appearance of concentric black spots on leaves, stem 

and pods. Such pods contain shrivelled, undersized seeds.  

Control Measures: Use healthy seeds. Spray Difolatan or Dithane M-45 @2 kg in 800-000 l/ha 10 days interval 

as soon as the symptoms starts. Collect and burn the affected plant portions after the harvest of the crop.  

b. Downy Mildew: This is caused by a fungus and characterized by yellow, irregular spots appear on the upper surface 

of the lower leaves and white growth is visible on the under-surface opposite to spots. If the attack is severe, 

inflorescence is also affected. The affected inflorescence is malformed, twisted and covered with a white powder. No 

pods are produced on such inflorescence.  
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Control Measures: Use healthy seeds. Spray the crop with 0.2% Zineb or 0.1% Karathane as soon as the 

symptoms are noticed and repeat the spray 2-3 times at 10 days interval.  

c. White Blister: This is caused by the fungus, Albugo candida. The disease is characterized by white raised blisters on 

leaves, stem, petiole and floral parts which burst and liberate a white powder. Flowers get malformed and become 

sterile.  

Control Measures: Use healthy seeds for sowing. Spray the crop with 0.2% Zineb or Difolatan as soon as the 

symptoms are noticed and repeat the spray if needed at 10 days interval. Keep the field free from weeds.  

d. Stem rot or stem blight: This is caused by a fungus Sclerotinia sclerotiorum and it is characterized by water-soaked 

lesion on stem and white cottony mycelial growth of fungus. Wilting and drying of plants are seen in severe cases. 

Stunting and premature ripening of plants are also noticed. 

Control measure: Collection and burning of affected plant parts and debris. Follow crop rotation preferably 

with wheat. Spray Carbendazim @0.05% when the disease appears. 

2. Insects Pests: These crops are subjected to the attack of insect pests’ right from the seedling stage to the pod formation stage. 

The major insect pests are as follows- 

a. Mustard Sawfly: most important seedling pest where the adult fly is orange coloured with black head. The larvae 

feed on the leaves of rape seed and mustard making holes. Sometimes they eat up entire lamina of leaf leaving behind 

the midribs. It appears in the month of October and its peak season of activity is in November. The population 

disappears suddenly on the onset of winter.  

Control measures: Dusting with 5 or 10% BHC at the rate of 20-25 kg per hectare controls the pest effectively.  

b. Mustard Aphid: Both nymph and adult suck the sap of the tender leaves, twigs, stem, inflorescence and pods by 

means of piercing and sucking type of mouth parts. The aphids are green small insects about 2 mm in size. The affected 

leaves usually curl and in case of severe infestation the plant wilt and dry. Due to the attack on the inflorescence, the 

pod formation is adversely affected. The aphids also secrete ‘honey dew’ on which black mould develops which 

adversely affects the normal physiological activities of the plants.  

Control measures: As the cold and cloudy weather favours the pest multiplication, sowing the crop earlier 

than the normal sowing time escape the pest attack. Spraying of crop with Dimecron 100 at the rate of 250 

millilitre per hectare or Metasystox 25 EC at the rate of one litre per hectare or Rogor 30 EC@1.0l/ha in 1000 

litres of water.   

c. Painted Bug of Mustard: Both the nymph and adult suck the sap of leaves and tender stems resulting in poor growth 

and pale yellow colour of the leaves. In a later stage, the insects suck the sap of the pods with the result both quantity 

and quality of seed is adversely affected.  

Control measures: The nymphs can be very effectively controlled with 5 % BHC dust at the rate of 20-25 kg 

/ha. Use of systemic insecticides like Dimecron, Rogor or Metasystox has been found very effective to control 

both nymphs and adults.  

d. Cabbage Butterfly: The full-grown larvae of this pest are 3 to 4 cm in length with bright yellowish-green colour and 

small hairs on the dorsal side. The larvae of this pest feed voraciously on the leaves, branches and pods of the crop. 

The plants are defoliated with the result the small plants die while the grown-up plants suffer in growth and yield.   

Control measures: Hand picking and killing of the caterpillars. Spraying with Malathion 50 EC at the rate of 

1.0 l/ha controls the pest.   

e. Bihar Hairy Caterpillar: The newly hatched caterpillars remain in clusters on the lower surface of the leaves and 

feed on the epidermis. The grown-up larvae disperse and feed in isolation. They eat away entire leaf tissues leaving 

only the midribs. If the attack occurs at the green pod stage, the entire green tissues of the pods are eaten up resulting 

in heavy loss to the crop.  

i. Control measure: Mechanical control should be should be followed by removing infested leaves having 

first/second instar larvae and burying them in soil or dipping in kerosenized water. Spraying of Malathion 50 

EC @1.0 l/ha in 500-600 litres of water.  
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ii. Harvesting and threshing: As soon as the pods/siliqua turn yellow/yellowish-brown, harvesting is done 

by sickle in the morning hours to avoid losses by shattering. After harvesting of the crop and stacking at the 

threshing floor for five-six days, threshing is done by beating the pods/siliqua with wooden sticks or by 

trampling the plant by bullock. Thereafter, winnowing is done and seeds should be sun dried before storage 

to bring down moisture content of the seed to 8 per cent. 

iii. Yield: After following proper agronomical and plant protection techniques and using improved varieties, 

10-15 q of toria, 15-20 q of sarson and 20-30 q mustard can be taken from one hectare of land. 
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Introduction 

Stevia rebaudiana Bertoni, also called as sweet leaf, candy leaf, sugar leaf and honey leaf is a flowering plant belonging to 

Asteraceae family and native to Paraguay. It is a god-gifted plant having medicinal and commercial importance which is being 

used all over the world. Stevia is a tender perennial herb that reaches 30.5–80 cm (1–2.5 feet) in height. The oblong aromatic 

leaves are 2.5 cm (1 inch) long with a prominent midrib and are arranged oppositely along the stems. The small tubular flowers 

have five white petals and are borne in terminal clusters; the flowers are usually removed to improve the flavour of the leaves. 

Fig.1. Stevia rebaudiana (leaves and flowers) 

Growth Pattern 

The growth pattern of Stevia can be divided into four stages: 

1. Germination and establishment 

2. Grand growth period- vegetative growth the third 

3. Flowering- floral bud initiation to pollination and fertilization 

4. Seed maturity- seed growth and filling.  

The duration of sowing to seed emergence is related to the temperature, and 24º C is considered optimal for seed germination. 

Climate and Soil 

1. Stevia plant requires about 150 cm annual rainfall for its proper growth. 

2. Temperature – 30-32º C for best growth. Crop gets damaged at high temperatures above 45º C and night temperatures below 

5º C. 

3. It prefers well-drained rich, red and sandy loam soils, pH ranging from 6.0-7.5. 
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Propagation 

1. Traditional method – cuttings. A huge number of plants cannot be produced in this method. 

2. Modern method – in vitro regeneration or tissue culture. 

Types of Stevia 

Depending on the level of processing, stevia can be found in three forms: 

1. Green Leaf Stevia: This is the least processed form of stevia. It is 30-40 times sweeter than sugar and is also slightly bitter in 

taste. 

2. Stevia Extracts: These are 200 times sweeter than sugar and comparatively less bitter to green leaf stevia. 

3. Altered Stevia: This is the highly processed form of stevia which contains GMO ingredients. It is 200-400 times sweeter than 

sugar and is often termed as the worst form of stevia. 

Stevia as a Sweetening Agent 

Stevia is widely cultivated for its leaves. When extracts of its leaves are processed into a powder, stevia is used as a sugar 

substitute in most of the developed world. The chemical compounds that are responsible for its sweetness are various steviol 

glycosides (mainly stevioside and rebaudioside), which have 200-300 times the sweetness of sugar. Stevioside accounts for 

about 5–8% of leaves dry weight, while rebaudioside A accounts for about 1–8% of leaves dry weight. 

Fig. 2. Steviol (molecular formula – C20H30O3) 

Table 1. Chemical Compounds Found in Stevia 

Compound Molecular formula Molecular weight (g/mol) 

Steviol C20H30O3 318.45 

Stevioside C38H60O18 804.87 

Rebaudioside A C44H70O23 967.01 

Rebaudioside C C44H70O22 951.01 

Dulcoside A C38H60O 17 788.17 

Rubusoside C32H50O13 642.73 

Steviolbioside C32H50O13 642.73 

Rebaudioside D C50H80O28 804.87 

Rebaudioside E C44H70O23 967.01 

Rebaudioside F C43H68O22 936.99 

Health Benefits of Stevia 

1. Controls diabetes: regulates blood sugar levels in the body. 
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2. Regulates blood pressure: relaxes the blood vessels, increases urination, and facilitates the elimination of sodium from the 

body. It prevents certain conditions such as atherosclerosis, heart attacks and strokes.  

3. Prevents cancer: stevia leaf extracts possess a high degree of antioxidant activity. Glycosides found in stevia help to eliminate 

free radicals in the body thereby preventing them from mutating healthy cells into malignant ones. Antioxidants also help to 

prevent premature aging, cognitive malfunction, and various other conditions like heart disease. 

4. Lowers cholesterol levels: consumption of stevia leads to a significant reduction in bad LDL cholesterol and triglyceride 

levels and an increase in the HDL cholesterol levels, which is healthy cholesterol and is essential for good lipid profile. 

5. Oral health: reduces bacterial formation in the mouth. It also prevents cavities and gingivitis. 

6. Reduces skin problems: it is useful against eczema and dermatitis. 

7. Miscellaneous: stevia is also known to possess anti-diarrheal, anti-hyperglycemic, antihypertensive, diuretic, anti-

inflammatory, anti-diarrheal, and immune-modulatory actions. 

Risks and Side Effects 

According to the FDA, the permissible daily intake for stevia glycosides 4 milligrams per kg of body weight. Potential health 

risks associated with stevia consumption include: 

1. Kidney damage 

2. Gastrointestinal symptoms – nausea, vomiting, indigestion, cramping, bloating etc. 

3. Endocrine disruption 

4. Stevia is not recommended during pregnancy and lactation 

Conclusion 

Stevia is now being used by people all over the world. Among various glycosides of stevia, stevioside has a potential mode of 

action in controlling type 2 diabetes. Therefore, its demand has been increasing day by day. This huge demand prompts the 

biotechnological companies for commercial production of stevia through tissue culture and marketing stevia in various forms 

such as leaf powder, liquid and fresh leaves. Moreover, stevia is a natural sweetener with zero calorie that causes less harm 

but benefits more to human health. 
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Introduction 

Thinning is the most important technique in fruit crops in order to maintain source and sink relationship and to improve fruit 

quality. It is defined as the removal of certain flowers or clusters of flowers or individual fruits after fruit set. Excessive flowers 

produce excess fruits of poor quality which compete with each other for carbohydrates (stored energy) and also damage tree 

by heavy crop load. The physiological stage of plant and cultural practices decides the thinning intensity and method of 

thinning. The production of more flowers leads to the production of more fruit under optimum conditions than needed for a 

full crop. If only one fruit per bud is set, the number of flowers produced by the plant is always sufficient to produce commercial 

crop but in most of the cases 3-4 times more flower buds are present than required. Systematic removal of dormant buds 

reduces flower bud density resulting in reduced number of fruits per branch but increases fruit set per floral bud because lower 

proportion of floral buds set zero fruit and greater proportion set 2 or more fruits. Fruit thinning is carried out to reduce limb 

breakage, increase fruit size, improve colour and quality and stimulate floral initiation for next year’s crop. When the leaf to 

fruit ratio is increased by removing some of the fruit remaining become larger but not in direct proportion to the increase in 

the number of leaves per fruit, causing yield reduction. 

Purpose of Thinning 

1. To maintain fruit to leaf ratio to enable proper fruit development. 

2. To improve fruit size and quality. 

3. When a tree is carrying a very heavy crop, the fruits are often small and of poor quality so thinning is must. 

4. For better penetration of sunlight and air for evenness of ripening. 

5. To reduce the risk of branch breaking due to excessive crop load. 

6. It maintains the tree growth and develops fruit buds for the following year thus lessens the risk of biennial bearing. 

7. Reduces the spread of pests and diseases. 

Thinning Requirement and its Timing 

The thinning requirement and its intensity vary with the fruit crop and depend on its growth and bearing habit. All stone pome 

fruits require thinning. In some fruit trees natural thinning is sufficient while other requires additional thinning to produce 

high-quality fruit. Cherries, figs, persimmons, pomegranates, citrus, and nut trees do not usually require severe thinning. 

However, branches of persimmon trees can break from the weight of a heavy crop and may benefit from some fruit thinning 

or branch propping. Fruit should be thinned when they are fairly small. Stone fruits are thinned when they are about 3⁄4 to 1  

inch (1.9 to 2.5 cm) in diameter, and pome fruits (apples and pears) are thinned at 1⁄2 to 1 inch (1.3 to 2.5 cm), or within about 

30 to 45 days after full bloom. Thinning too early can result in split pits in stone fruits, especially peaches and thinning too late 

reduces the chances that fruit size will increase. 

Methods of Thinning 

Thinning of flowers and fruits can be done either by hand, mechanically or with the application of chemicals and PGRs. 

1. Hand thinning: Hand thinning is important in those fruit crops which have high physical and chemical quality. It involves 

removing enough fruit to leave the remaining fruit with sufficient space for proper growth. In case of fruit crops having 2-3 

fruiting season in a year (pomegranate, citrus and Guava), hand thinning is done for crop regulation. In spur bearing fruit 
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crops, only two or three fruit per spur should be retained while rest should be hand thinned. Although thinning reduces yield 

but fruit retained after thinning are large sized with better quality. Thinning at early stage during pit size is more beneficial 

rather than later thinning for improving fruit size. Hand thinning is a common and high cost practice because of labour 

involved. As most of the fruit trees are large and vigorous so hand thinning becomes difficult so under such case other means 

of thinning is desirable. 

2. Mechanical thinning: Mechanical thinning alone or in combination with either hand or chemical thinning, improves fruit 

size and quality by maintaining better source: sink relationship and enlarging the amount of photo-assimilates partitioned to 

the remaining fruit. Being a physical removal technique, mechanical thinning has greater predictability than chemical thinning. 

The effects of physical removal are immediately visible; the level of crop removal can be determined by comparing pre- and 

post-thinning flower or fruit counts. Club thinning is practised in peaches and apricots where a section of rubber hose is 

attached to a wooden handle and fruit are knocked from the tree during the pit hardening state, prior to the final swell. High 

pressure spray guns, mechanical trunk or limb shakers are sometimes used to knock the fruits from the trees. However, such 

methods are not recommended for apple because they are easily bruised, and the damage is visible on the mature fruit. In 

organic farming where regulations allow no use of chemical thinners the mechanical blossom thinner offers a great opportunity 

to save labour cost for hand thinning, since many organic orchards suffer particularly from alternate bearing. 

3. Chemical thinning: Chemical thinning is important measure for the profitable production of fruits. Various chemicals and 

PGRs are used for this purpose. These chemicals and PGRs act as thinners by directly influencing the metabolic activity of the 

plant. Important PGRs used for thinning purpose is mentioned in Table 1. 

Table 1: Response of Different Concentration of PGR’s on Fruit Crops 

S. No. Fruit crop PBRs Concentration Stage of application Response/Effect 

1. Apple NAA+BA 7.5+75 ppm Full bloom Good thinning and increase in 
fruit size 

2. Japanese 
Plum 

2,4-D+ 
NAA 

25+30 ppm Before pit hardening Increases fruit size and fruit 
quality 

3. Cherry  2,4-D+ NAA 25+30 ppm  Before pit hardening  Increase in fruit size  
And fruit quality  

4. Pear  NAA and 
IBA 

20 ppm and  
30 ppm    

Young Fruit period  Enhances fruit growth size  

5. Peach & 
Nectarines 

GA3 25 ppm After fruit set Increases fruit size 

6. Citrus Boron 2500-3000 ppm Pre-bloom stage Thickening of the peel and 
reduced post-harvest losses 

7. Grape Ethephon 100 ppm Full bloom stage Berry number reduced and 
berry size increased 

8. Guava NAA 400 ppm At pre-blooming & 
after fruit set 

Increased size of cv. Allahabad 
safeda 

Conclusion 

Thinning is an important practice performed in fruit crops. Proper and thorough knowledge of thinning is important as most 

of the chemicals like Carbaryl which were earlier used for thinning have now been banned. Hand thinning is quite laborious 

and too expansive while chemical thinning agents have their own negative impact. Mechanical methods of thinning provide a 

last resort as an alternative to chemicals. “Environmentally friendly” chemicals must be found to replace those eliminated 

chemicals because of environmental concerns. These include the use of several chemicals, together or sequentially, surfactants 

to improve penetration through the cuticle, modelling, spray application technology, etc. 
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Abstract 

Yet a comprehensive analysis of how climate change would influence the dissemination of plant diseases and impact the 

primary production in most agricultural ecosystems is at the moment missing. Climate change has become a burning issue in 

the present century by changing the properties of atmosphere like rainfall, humidity, temperature etc. Green House Gases are 

having a major share in the climate change, Co2 being an important culprit in the scenario. Due to the increased Co2 

concentration, there is an increase in atmospheric temperature, leading to Global Warming. Climate change is nowadays a 

trending issue in all sectors of agriculture. Researchers have been done showing the influence of climate change on host-patho 

system. Some of the studies also showed the change in disease management strategies due to climate change. Climate change 

has also led to some of the severe epidemics in all over the world. It has not only increased the biotic stresses of plants, but also 

increased the cost of their management. Climate change has both positive and negative effect on crop diseases. One of the basic 

limitations in the study of climate change with respect to crop disease is that most of the studies are not able to answer the root 

mechanism behind the effects of climate change on crop diseases. So, it is a need of an hour to integrate all the mitigating 

strategies to tackle this global problem. 

Definition 

Any change in climate whether due to natural variability or as a result of human activity. 

Introduction 

1. Atmosphere is a colorless, tasteless and odorless mixture of gases that surround the earth. This gaseous envelop of invisible 

film of air surrounding the earth is called atmosphere.  

2. The Earth is surrounded by a thick layer of gases which keeps the planet warm and allows plants, animals and microbes to 

live. These gases work like a blanket.  

3. Without this blanket the Earth would be much colder and less suitable for life. 

4. Weather is the day-to-day conditions of a particular place. 

5. The climate is the common, average weather conditions at a particular place over a long period of time.  

6. The atmosphere becomes thinner and thinner with increasing altitude, the karman line, at 100 km is often used as the border 

between the atmosphere and outer space.  

7. However 99 per cent of total mass of the atmosphere is within 40 km from the earth and 50 per cent of the total mass of the 

atmosphere is located in the lower 5.6 km of the troposphere. 

Major Constitute of Atmospheric Dry Air, By Volume 

S.N Gases Volume % 

1 Nitrogen 78.084 

2 Oxygen 20.946 

3 Argon 0.9340 

4 Carbon dioxide 0.04 

5 Neon 0.0018 

6 Helium 0.0005 

7 Methane 0.00017 

8 Ozone 0.00006 
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Major Parameters of Climate Change 

1. High CO2 in the atmosphere 

2. Increase in Temperature: Maximum and minimum temperature 

3. Variation in rainfall pattern: No. of rainy days/ shift in season, Amount and distribution.  

4. Solar radiation: Day length 

5. Drought 

6. Floods 

The Greenhouse Effect 

When sunlight reaches earth's surface some is absorbed and warms the earth and most of the rest is radiated back to the 

atmosphere at a longer wavelength (4-100 μm) than the sun light. Some of these longer wavelengths are absorbed by 

greenhouse gases in the atmosphere before they are lost to space. The absorption of this long wave radiant energy warms the 

atmosphere. These greenhouse gases act like a mirror and reflect back to the Earth some of the heat energy which would 

otherwise be lost to space. The reflecting back of heat energy by the atmosphere is called the "Greenhouse Effect". 

Global Warming 

Global warming is the increase in the average measured temperature of the Earth's near-surface air and oceans since the mid-

twentieth century, and its projected continuation. 

Global warming is an average increase in temperatures near the Earth’s surface and in the lowest layer of the atmosphere. 

Global warming can be considered part of climate change along with changes in precipitation, sea level, etc. 

Global change is a broad term that refers to changes in the global environment, including climate change, ozone depletion, and 

land-use change. 

Effect of Climate Change in Plant Disease 

1. Climate change is affecting our agriculture due to 0.740C average global increase in temperature in the last 100 years and 

atmospheric CO2 concentration increase from 280 ppm in 1750 to 4000 ppm in 2013. 

2. World-wide losses due to diseases range from 9 to 16% in rice, wheat, barley, maize, potato, soybean, cotton and coffee. This 

will respond to climate change, through a number of interactions, take place among host, pathogen, potential vectors. 

3. Plant diseases caused by many fungi, bacteria, viruses, nematodes and other biotic and abiotic factors. The very different life 

histories of this group of organisms and their different interactions with host plants produce a wide range of responses to 

environmental factors. 

4. A plant disease is the result of interaction between a susceptible host plant, a virulent pathogen and the environment. 

Changes in environmental conditions are strongly associated with differences in the level of losses caused by a disease because 

the environment significantly (directly or indirectly) influences plants, pathogens and their antagonists. 
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5. As environment is one of the important components in disease development, changes in it can be strongly correlated with 

the changes in disease severity and losses due to it. 

6. Disease control methods like chemical methods not only result in huge costs, but also increase environmental contamination 

threats and health issues. Thus, there is a need of modification in disease control strategies in the current scenario. 

7. In context with plant diseases, CO2, Ozone and high temperature are mostly responsible for altering development of 

pathogen, host and their interaction. They also can alter the geographical distribution of host and pathogen. Rising atmospheric 

CO2 has been seen influencing the physiology, morphology and biomass of plants. 

8. Some of the studies suggest that due to the elevated CO2, higher carbohydrate concentration within host tissue trigger the 

development of some diseases like rusts (Manning and Tiedemann, 1995). 

Effect of Climate Change on Crops and Pathogens Due to Diseases 

1. Elevated CO2 could increase the leaf canopy which triggers crop losses due to foliar pathogens by modifying microclimate. 
2. Under elevated CO2, there is an increase in C: N ratio of plants. 
3. Evidence from studies indicates that decomposition of high CO2 litter occurs at a slower rate and also increased plant 
biomass, slower decomposition of litter and higher winter temperature could increase pathogen survival on overwintering 
crop residues and increase the amount of initial inoculums available to infect subsequent crops. 
4. Level of symptom expression and susceptibility of host towards infection can increase due to moisture and temperature. 
5. Water stress causes stomata closure and reduces photosynthesis, leaf growth is inhibited and changes in shoot architecture 
and the root/shoot ratio are commonly observed. 
6. There are indications of increased aggressiveness at higher temperatures of stripe rust isolates (Puccinia striiformis), 
suggesting that rust fungi can adapt to and benefit from higher temperatures. 

Climate Change and Disease Management 

1. Climate change can have an effect on fungicide efficiency. The efficiency of fungicides can get altered due to change in 
duration, onset and intensity of precipitation. 
2. Higher level of precipitations can lead to the wash-off of fungicides. The temperature influences the degradation of 
pesticides, and alters the morphology and physiology of plants affecting their penetration, translocation and mode of action. 
3. Increased thickness of epicuticular wax layer on leaves could result in slower or lower uptake of fungicide by the host. 
4. According to Garret et al. (2009) increased canopy due to elevated CO2 can affect the penetration, translocation and mode of 
action of systemic fungicides. 
5. As far as biological control is concerned less information is available. Some of the researchers suggest that increased CO2 
concentration can lead to decrease in nitrogen levels in soil, which favor VAM. 
6. This mychorhizal association proves beneficial for plants. Some studies suggested increased efficiency of Trichoderma 
harzianum T39 in soil when there is increased temperature and less relative humidity (Elad et al., 1993). 

Conclusion 

Climate change can have positive or negative effect on crops and their diseases. There has been however limited research on 
impact of climate change on plant diseases. Modified chemical and biological control need to be implemented against diseases 
in the changing climate scenario. It is a responsibility of a breeder too to begin gene expression analysis towards various biotic 
and abiotic stresses. Climate prediction models have been however also developed against plant diseases. Climate change is 
burning issue in today’s century. There is a need of collaboration of all the disciplines together to mitigate this global problem. 
More rational approaches need to be taken to know the actual mechanism of impact of climate change on plant diseases. 
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Summary 

“Water garden can be seen since time immemorial. They are one of the most beautiful gardens. There are different types of 

pools in which the garden is made traditionally pond is also used .There are different categories of plants grown in the water 

garden according to the requirement. They mainly include surface flowering aquatics , marginals ,oxygenators and floating 

plants.some of most commonly grown  plants in the water garden are waterlilies , lotus , water hyacinth , Tape grass , water 

butter cup . they enhance the beauty of the garden as well some plants also act as a source of oxygen.” 

Introduction 

Water garden is one of the most beautiful gardens since time immemorial. Garden may be defined as an art and science of 

arranging land for human use as a source of recreation ,along with enjoying the natural beauty in a small area along with the 

proper management .The oldest garden that be recalled as the lotus pools that used to be customary in temples and stupas 

from the budist period.  

According to the poet asvaghosa (100 AD) lotus was seen by lord Buddha in nanadanvan and the lotus stem is referred as 

naval cord of lord Vishnu and the lotus flower denote as the throne of brahma. 

Types of Water Garden for Lotus 

Commonly we have seen lotus growing in pools which can be of different types: 

1. Formal pools  

2. Informal pools  

3. Vaccum formed moulding 
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4. Pools with liners. 

Categories of Plants of Water Garden 

1. Surface flowering aquatics: surface flowering plants are rooted on the water’s bottom and extend to its surface.   Ex. - 

Aponogeton distachys (cape pond weed), Eurele ferox, Limanthemum indica (water snow flake), Monochoria hastifolia 

,Nelumbo lutea (American lotus ) Nelumbo nucifera (Indian lotus), Nymphea tetragona ,orontium aquaticum (Garden club) , 

Victoria regia.  

2. Oxygenators: They provide shade, habitat, and soak up excess nutrients (which in turn helps prevent algae overgrowth. they 

maintain hygiene and balance in water garden. Ex - callitriche autumnalis, ceratophylum   spp., Elodea Canadensis, 

Ranunculus aqualitis (water butter cup) Vallisneria spiralis (Tape grass) 

3. Floating plants: These plants float freely on the water surface. The entire plant is suspended on the water, allowing the plant 

to be moved around the pond by wind and water currents.  Ex. - Azolla caroliniana, Eichhornia speciosa (water hycianth) 

Lemna gibba (duck weeds) Trapa narans (water chestnut). 

4. Marginal plant: these plants grow around the margins of the garden where the water is shallow. They usually have their 

soil and crown underwater, and sometimes their lower foliage as well. They are generally placed on planting shelves within 

the pond. They are grown in shallow containers. Some Important example - Acorus calamus (sweet flag), Calla palustris (Bog 

arum), Cyperus alterifolius, Iris psuedocorus (yellow flag), Iris laevigata, sagittaria sagittifolia (common arrow head), Typha 

angustifolia. 

The Importance of Water Use in Garden Arrangement 

In History Water is the basic element for the formation of the natural habitat. The existence and continuity of the world is 

dependent on water. Water increases the quality of the living area by providing impressive and comforting features. Water has 

the feature of being relaxing to the soul in mythology. The use of water in history has been compiled in the dissertation of 

Akdoğan (1974) and Korkut (1995), which we shall summarize. 

1. Planting in the pools: Fill 30-40 cm layer of heavy loam or clay with sufficient FYM .then add 50-75 g bone meal per m2  then 

plants are planted directly in soil and water level is raised up to rim then planting may be done in boxes (50-75 cm every side 

of box) and after establishment put the box in pool then slowly raise the level of water in the pool with growing plants .  

2. Enhancement the utility of pools: By incorporating coloured or ornamental fishes. snails can be also added which act as a 

scavenger by eating residues of plants and animals and change the water in the pool after every one or two years. 
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3. Major problems in pools: Weed infestation (Blanket weed) – solution - Add 30 g copper sulphate or 120 g potassium 

permanganate in about in about one lakh litre water. 
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Introduction 

Conservation agriculture can be defined as concept for resource-saving agricultural crop production that strives to achieve 

acceptable profit together with high and sustained production levels while concurrently conserving the environment (FAO). 

Conservation agriculture has tremendous potential for all sizes of farms and agro-ecological systems, but its adoption is most 

urgently required by small holder farmers, especially those facing acute labour shortages. It is a way to combine profitable 

agriculture production with environmental concerns as well as sustainability and it has been proven to work in a variety of 

agro-ecological zones and farming systems.  

Conservation Agriculture can be defined as a concept for resource-saving agricultural crop production that strives to achieve 

acceptable profit together with high and sustained production levels while concurrently conserving the environment. 

Conservation Agriculture is the achievement of sustainable and profitable agriculture through the application of the three 

major principles; minimal soil disturbance; permanent soil cover or permanent organic soil cover; crop rotation in the case of 

annual crops or plant associations in case of perennial crops. Soil organic matter not only provides nutrients for the crop, but 

it also, above all else, a crucial element for the stabilization of soil structure as well as beneficial microbial population. 

Conservation tillage system increases organic matter content, soil moisture storage efficiency, reduces erosion losses and 

improves soil tilth in addition to reducing the cost of cultivation and proves to be economically viable. Conservation 

Agriculture allows yields comparable with modern intensive agriculture as well as it also maintain their sustainability. 

Conservation agriculture (CA) is the achievement of sustainable and profitable agriculture through the application of the three 

major principles i.e. minimal soil disturbance or continuous minimum mechanical soil disturbance, permanent soil cover or 

permanent organic soil cover, crop rotation or diversified crop rotations in the case of annual crops or plant associations in case 

of perennial crops. Mechanization of soil tillage, allowing higher working depths & speeds and the use of certain implements 

like ploughs; disk harrows and rotary cultivators have particularly detrimental effects on soil structure. Soil erosion resulting 

from excessive soil tillage has led to reduce tillage thereby promoting conservation tillage, especially zero-tillage. Crop residues 

remain on the soil surface for years produce a layer of mulch. This layer protects the soil from the physical impact of rain and 

wind along with it also stabilizes the soil moisture and temperature of surface layer. Thus, this zone becomes a habitat for a 

number of organisms. These organisms macerate or chew up the mulch, mix it with the soil and decompose it so that it becomes 

humus and contributes to the physical stabilization of the soil structure and improves nutrients mineralization. At the same 

time this soil organic matter provides a buffer function for water and nutrients. Larger components of the soil structuring effect 

producing very stable soil aggregates as well as uninterrupted macro pores (large pores). Agriculture with reduced or zero, 

mechanical tillage is only possible when soil organisms are taking over the task of tillage the soil. This however, leads to other 

implications regarding the use of chemical farm inputs, synthetic pesticides and mineral fertilisers have to be used in a way 

that does not harm soil life. The main objective of agriculture is the production of crops, changes in the pest and weed 

management becomes necessary with conservation agriculture. 

Advantages 

1. It is a truly sustainable production system as it not only conserves but also enhances the natural resources and increases the 

soil biodiversity, fauna & flora in agricultural production systems without lowering yields on high production levels. 
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2. As conservation agriculture depends on biological processes to work, it enhances the biodiversity in an agricultural 

production system on a micro as well as macro levels. 

3. Time saving and thus reduction in labour requirement. 

4. Reduction of costs, e.g. fuel, machinery operating costs and maintenance, as well as a reduced labour cost. 

5. Higher efficiency in the sense of more output for a lower input. 

6. Organic matter increase. 

7. In-soil water conservation. 

8. Improvement of soil structure, and thus rooting zone. 

9. Reduction in soil erosion, and thus of road, dam and hydroelectric power plant maintenance costs. 

10. Improvement of water quality. 

11. Improvement of air quality. 

12. Biodiversity increase. 

13. Carbon sequestration. 

Principles of Conservation Agriculture 

The three basic principles of conservation agriculture include: 

1. Direct planting of crop seeds (minimal soil disturbance): Direct seeding is growing of crops without mechanical seedbed 

preparation and with minimal soil disturbances since the harvest of the previous crop is synonymous with no-till farming, 

zero-tillage, no-tillage, direct drilling etc. Planting means the precise placing of large seeds, whereas seeding is a continuous 

flow of seeds as in the case of small cereals (ex.-barley & wheat). The equipment penetrates the soil cover, opens a seeding slot 

and places the seed into the slot. Ideally the seed slot is completely covered by mulch again after seeding and no loose soil 

should be visible on the surface. 

2. Permanent soil cover, especially by crop residues and cover crops: Direct seeding is growing of crops without mechanical 

seedbed preparation and with minimal soil disturbances since the harvest of the previous crop is synonymous with no-till 

farming, zero-tillage, no-tillage, direct drilling etc. Planting means the precise placing of large seeds, whereas seeding is a 

continuous flow of seeds as in the case of small cereals (ex.-barley & wheat). The equipment penetrates the soil cover, opens a 

seeding slot and places the seed into the slot. Ideally the seed slot is completely covered by mulch again after seeding and no 

loose soil should be visible on the surface. 

Effects of soil cover: 

a. Improved infiltration and retention of soil moisture and increased availability of plant nutrients. 

b. Increased humus formation. 

c. Reduction of impact of rain drops on soil surface resulting in reduced crusting & surface sealing. 

d. Reduction of runoff and erosion. 

e. Better conditions for the development of roots and seedling growth. 

3. Crop rotation: The rotation of crops is not only necessary to offer diverse nutrients to the soil micro-organisms, but as they 

root at different soil depths, they are capable of exploring different soil layers for nutrients. This also increases diversity of soil 

flora and fauna, as the roots excrete different organic substances that attract different types of bacteria and fungi. Crop rotation 

also has an important phytosanitary function as it prevents the carryover of crop-specific pests and diseases from one crop to 

the next via crop residues. 

Effect of crop rotation: 

a. Diversity in crop production, in human and livestock nutrition. 

b. Reduced risk of pest and weed infestations. 

c. Increased humus formation. 

d. Greater distribution of bio pores created by diverse roots. 
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Major Benefits of Conservation Agriculture 

1. Economic benefits that improve production efficiency. 

2. Agronomic benefits that improves soil productivity. 

3. Environmental & social benefits that protect the soil and make agriculture more sustainable. 

Limitations of Conservation Agriculture 

The most important limitation in all areas where conservation agriculture is practised having initial lack of knowledge. There 

is no blue print available for conservation agriculture, as all agro-ecosystems are different. The success or failure of conservation 

agriculture depends greatly on the flexibility and creativity of the practitioners and extension and research services of a region. 

However, as conservation agriculture is gaining momentum rapidly in certain regions; there now exist a network of farmer 

organizations & groups of interested people. Conservation agriculture partly relies on the use of herbicides, during the initial 

stage of adoption. 

Conclusion 

Conservation agriculture becomes a necessity in view of widespread problems of resource degradation, which accompanied 

the past strategies to enhance production with little concern for resource integrity. It aims at reversing the process of 

degradation inherent to the conventional agricultural practices like intensive agriculture, burning/removal of crop residues. 

Integrating concerns of productivity, resource conservation, soil quality and the environment is now fundamental for 

sustainable crop production. Conservation agriculture helps in resisting resource degradation, decreasing cultivation costs and 

making agriculture more resource efficient and sustainable. It can also be referred as resource efficient agriculture. 

Conservation agriculture is a low input agriculture and allows yields comparable with modern intensive agriculture but in a 

sustainable way. “Enhance productivity with sustainability” has to be the new mission. 
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Introduction 

India is the largest agricultural powerhouse worldwide and the leading producer of spices, pulses, and milk. Also, our country 

has the largest cultivated area of cotton, wheat, and rice. Few decades ago, agricultural share in India’s GDP was 75 per cent, 

but now, the share has gone down to only 14 per cent. However, agriculture continues to be the source of livelihood for about 

50 per cent of the working population, in the rural parts of India. 

In this context, major agricultural problems and their possible solutions are discussed as follows. 

Small Fragmented Land-Holdings 

The net area sown is close to 141 million hectares in India. The size of the holdings decreases with the sub-division of the land 

holdings. The problem of small and fragmented holdings is more serious in heavily populated and intensively cultivated states 

like Kerala, West Bengal, Bihar and eastern part of Uttar Pradesh where the average size of land holdings is less than one 

hectare and in certain parts it is less than even 0.5 hectare. Consolidation of fragmented farm lands at the grass-root level by 

the government is the best solution. It can be done through co-operative farming, corporate farming, and collaborative farming, 

in which farmers pool their land and resources and share their benefits. Also, the use of modern technology and farm 

implements increases the agricultural productivity of marginal farmers. 
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Supply Channel / Marketing 

Indian agricultural industry is riddled with bottlenecks at every step. The marketing channel is inefficient because of the more 

middlemen involved in the marketing process. It compels the farmers to make distress sale. The remuneration of the services 

provided by the middlemen increases the load on the consumer, although the producer does not derive similar benefit. Many 

channels, middlemen take away about 40-60 per cent of the price offered by consumers. In order to save the farmer from the 

clutches of the money lenders and the middle men, the government has come out with regulated markets, in which competitive 

buying, using of standard weights, avoiding malpractices and ensures better price. 

Seed 

Now days, good quality seeds are out of reach of the small and marginal farmers because of exorbitant prices. In order to solve 

this problem, the Government of India established the National Seeds Corporation (NSC) in 1963 and the State Farmers 

Corporation of India (SFCI) in 1969. Thirteen State Seed Corporations (SSCs) were also established to augment the supply of 

improved seeds to the farmers. High Yielding Variety Programme (HYVP) was launched in 1966-67 as a major thrust plan to 

increase the production of food grains in the country. 

Manures, Fertilizers and Biocides 

Manures and fertilizers play important role in relation to soils and 70 per cent of growth in agricultural production attributed 

to increased fertilizer application. Thus, increase in the consumption of fertilizers is a barometer of agricultural prosperity. So, 

organic manures are essential for keeping the soil in good health. The government has to give subsidy for using organic 

fertilizers. 

Irrigation 

In India only one-third of the cropped area is under irrigation. Irrigation is the most important to sustained agriculture 

progress. Farming activities in India depends on the monsoon. It destroys the crops and cause hefty losses to the farmers. Care 

must be taken to safeguard against ill effects. So, the government has to expand the implementation of the irrigation facility 

through the Prime Minister Krishi Sinchai Yojana. 

Mechanisation 

Agricultural implements and machinery are a crucial input for efficient and timely agricultural operations, facilitating multiple 

cropping and thereby increasing production. There is urgent need to mechanise the agricultural operations so that wastage of 

labour force is avoided and farming is made convenient and efficient. Strenuous efforts are being made to encourage the 

farmers to adopt technically advanced agricultural equipments in order to carry farm operations timely and precisely and to 

economise the agricultural production process. 

Inadequate Storage Facilities 

The lack of proper storage facilities in rural areas, farmers are forced to sell their produce immediately after harvest at lesser 

price. The quality of the produce destroyed and wasted. The estimated volume of the produce is around 10 per cent due to lack 

of storage facility. To solve the issue, there is an ongoing effort initiated by the Food Corporation of India, the State 

Warehousing Corporation and the Central Warehousing Corporation to expand the storage facilities and establish a buffer 

stock for contingencies. 

Inadequate Transport 

One of the main handicaps with Indian agriculture is the lack transportation. Even at present there are lakhs of villages which 

are not well connected with main roads or with market centres. Under these circumstances the farmers cannot carry their 

produce to the main market and are forced to sell it in the local market at low price. Linking each village by metalled road is a 

gigantic task and it needs huge sums of money to complete this task. 
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Scarcity of Capital 

Capital is important for running any industry. Mostly, farmers are getting money from the local money-lenders, traders and 

commission agents who charge high rate of interest and purchase the agricultural produce at very low price. So, it has been 

changed through institutional agencies such as Central Cooperative Banks, State Cooperative Banks, Commercial Banks, 

Cooperative Credit Agencies and some Government Agencies are extending loans to farmers on easy terms. 

Conclusion 

Government should take initiatives on these lines to strengthen the solutions related to Indian agriculture problems and thus 

will lead to ushering in a sustainable and remunerative agriculture in India. 
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Introduction 

The entire world is going through very tough time. Every country is trying to save their nation from the pandemic COVID-19 

situation. As yet no particular medicine or vaccine has been discovered. The only solution of this pandemic is to contain it and 

so lockdown has been imposed in many countries and so in India. But is this lockdown saving everyone from COVID- 19? It 

may save everyone’s life from this pandemic but its consequences may not allow everyone to take a deep breath. 

No doubt lockdown is very necessary to be safe but the other face of the coin is too harsh for the daily wage workers, venders, 

small scale business men and most importantly for the farmers. 

What are the Problems? 

1. The increase in Covid 19 positive cases in India is seen from the mid of March, the period when mostly harvesting of crop is 

done. Firstly, farmers faced shortage of labours due to lockdown and secondly, they had to sell their produce at a very low 

price. 

Fig 1: Indian farmers fear heavy loss after the harvesting. 

Fig 2: Watermelons rotting in the field. 
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2. Vegetables are perishable in nature. Due to breakdown of chain of marketing, farmers were forced to sell their produce at a 

very low price else they might have to face complete loss. 

3. As we are in the midst the coronavirus crisis, it is imperative that good seeds and other farm inputs reach farmers in time 

for the kharif season. India needs huge amount of seeds for the kharif season. The preparation of seeds happens between March 

and May. Thus, this process is also getting affected which in turn affecting not only returns of the farmers but is also a threat 

to government food security of India. 

Fig 3: Farmer thinking about the kharif season and left stranded with fruits and veggies. 

4. The ongoing health crisis has forced the lockdown of agro industries also. From textile industries to snacks industries, all 

contribute to agricultural GDP. Closure of these industries has decreased Indian GDP but most importantly kicked farmers’ 

stomach, their future. It resulted in the loss of crop and the produce due to shortage of labours which further leads to 

unemployment of many factory labours. 

Fig 4: Flowers get dumped due to closet of events. 

Fig 5: Dumping off milk due to corona virus 
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5. One of the worst affected sectors of agriculture is floriculture. We know that floriculture contributes great to GDP. But the 

demand of flowers has been reduced to zero creating great loss to the farmers. The loss of their produce is huge. Further the 

demand of flowers and ornamental plants can persist to zero until we overcome this crisis. 

6. Allied industries like dairy industries is also affected. News has been reported that many tonnes of milk had been drained. 

Steps Taken by Government 

1. To ensure food security of the country, our government has exempted agriculture sector from any kind of lockdown. 

2.  Government has ensured farmers that every kind of facilities and products like fertilizers, seeds, pesticides, expert advice is 

available for farmers. 

3. Government has recently launched an application known as ‘KISAN RATH’ for the transportation of farm produce. 

4. Government ensured that farmers get right value for their produce so that farmers don’t have to suffer loss. 

5. Government has announced to provide Rs. 2999 crore against crop insurance to 15000 farmers. 

6. Several state Govt. ensured the farmers that the surplus produces would be value added like surplus potatoes and tomatoes 

would be used in making chips and tomato sauce and puree. 

7. Govt. hikes MGNREGA wages by Rs. 2000 per worker, each person will get 5 kg of rice or wheat over & above the existing 

5 kg being given. 

8. Procurement of notified commodities at Minimum Support price (MSP) from the farmers in several states in the Rabi 2020-

21 has started. Government through central nodal agencies like NAFED & FCI has been striving to assure better returns for the 

farmers. 

Conclusion 

Considering the above ongoing situation in the country, we should not waste our food as the country is in the path of food 

insecurity and we must not bargain from the vendors as they are going through their tough times. 
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Abstract 

Coarse cereals are highly resistant to drought and salinity of soil and high air temperatures, which enhance their agro-ecological 

adjustment and make them increasingly important for climate change, given the rising intensity of these major abiotic 

production constraints. In our India, the most commonly sown area of coarse cereals is dryland or rain-fed. Because of the 

greater protein levels with a more balanced acid profile, dietary energy, vitamins, many minerals (such as iron and zinc, in 

particular micronutrients), insoluble dietary fiber contributing to lower glycemic index, and antioxidant phytochemical agents, 

millet grains are nutritionally comparible or even superior to major cereals such as wheat and rice. These cereals, including 

phenolic acids, tannins, anthocyanins, phytosterols and polycosanols, are laden with phytochemicals. Many epidemiological 

studies indicate that these cereals aid with chronic disease prevention of several forms, including obesity, cardiovascular, type 

II diabetes and strengthened immune systems. They can be made with porridges, biscuits, cakes, cookies, tortillas, bread, 

prolific beverages, lamb, ghatta, flakes and many fermented foods. 

Keyword: Coarse cereals, Minerals, Phytosterols 

Introduction 

Millets are ancient super grains which are the nutrition reservoirs for a better health. Millets (sorghum, pearl millet and small 

millets) are the major food and fodder crops in semi-arid regions, and are gaining predominantly greater importance in a world 

that is becoming increasingly populous, malnourished and facing major climate uncertainties. These crops are tailored to a 

wide range of temperatures, moisture regimes, and input conditions that provide food and feed for millions of dryland farmers, 

especially in developing countries. Millets (great millet-Sorghum, pearl millet-Bajara, finger millet-Ragi, Foxtail millet, Little 

millet, Proso millet, Barnyard millet and Kodo millet) are hardy and well grown as rainfed crops in dry zones, under marginal 

soil fertility and moisture conditions and are stable yielders. 

In fact, millets were one of man's oldest, but with urbanization and industrialization they were discarded for wheat and rice. 

Other millets we do need are Brown Top Millet (Brachiaria ramosa), Crap Grass (Digitaria cruciata). With diabetes, 

hypertension and cardiovascular disease running wild, as gifts of newly acquired lifestyles, millets have returned as a viable 

alternative to lead a healthier life without consuming tons of anti-diabetic and anti-hypertension medicines which are not only 

quite expansive but also have significant long-term side effects. Millets literally function as a micro-flora prebiotic feed in our 

inner ecosystem. Millet should hydrate our colon so that we don't get constipated. The high millet levels of tryptophan produce 

serotonin which calms our moods. Magnesium in millet can help to minimize migraine symptoms and heart attacks. In millet, 

niacin (vitamin B-3) can help lower the cholesterol. Consumption of millets decreases triglycerides and C-reactive protein, 

thereby avoiding cardiovascular disease. All varieties of millet exhibit high antioxidant activity. Millet is non-allergenic and 

gluten free. 

Often named nutri-cereals are sorghum, pearl millet, finger millet, maize, and small millet (barnyard millet, proso millet, kodo 

millet, and foxtail millet). Sorghum contains a larger share of insoluble dietary fibres. It induces slow release of sugars, thereby 
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making the food items dependent on them especially suitable for those with diabetes or who are susceptible to it. For example, 

whole grain sorghum-based products (chapati, upama, and dhokla) have been found to lead in diabetic subjects to lower 

glucose levels, lower percentage peak rises and lower area under the curve compared to those prepared from dehulled sorghum 

and wheat. Finger millet is the richest source of calcium (300 to 350 mg/100 g grain). Small millets are a good source of 

phophorus and iron. In view of these nutritional properties these coarse cereals have of late been also designated as nutricereals. 

Nutritive values of coarse cereals are given in Table-1. 

Proximate Composition of Millets, Coarse Cereals and Fine Cereals (Per 100 G) 

Commodity Protein (g) Carbohy-drates 
(g) 

Fat (g) Crude fibre 
(g) 

Mineral 
matter (g) 

Calcium 
(mg) 

Phosphorus(mg) 

Sorghum 10. 4 72. 6 1. 9 1. 6 1. 6 25 222 

Pearl millet 11. 6 67. 5 5. 0 1. 2 2. 3 42 296 

Finger millet 7. 3 72. 0 1. 3 3. 6 2. 7 344 283 

Proso millet 12. 5 70. 4 1. 1 2. 2 1. 9 14 206 

Foxtail millet 12. 3 60. 9 4. 3 8. 0 3. 3 31 290 

Kodo millet 8. 3 65. 9 1. 4 9. 0 2. 6 27 188 

Little millet 8. 7 75. 7 5. 3 8. 6 1. 7 17 220 

Barnyard 
millet 

11. 6 74. 3 5. 8 14. 7 4. 7 14 121 

Barley 11.5 69.6 1.3 3.9 1.2 26 215 

Maize 11.5 66.2 3.6 2.7 1.5 20 348 

Wheat 11. 8 71. 2 1. 5 1. 2 1. 5 41 306 

Rice 6. 8 78. 2 0. 5 0. 2 0. 6 10 160 

Source: National Institute of Nutrition (NIN), Hyderabad 

Pearl millet is an important minor cereal crop cultivated mainly in Africa and the Indian subcontinent. Although it is used only 

by a subset of the population, due to its nutritional value it has gained popularity in recent years. In addition to being a staple 

food, pearl millet is also used to make snack foods, such as noodles, pappads, vermicelli, ladoo etc. It has been documented 

that chapati prepared from pearl millet flour produced after the grains were bleached or heat-treated acid-treated has increased 

the overall acceptability compared to chapati prepared from the raw untreated grains. 

Conclusion 

The brand as poor person's food, which seems to have been misunderstood, was one of the biggest constraints in popularization 

and marketing. Traditionally, these grains have been grown in difficult soil and climatic conditions. Grain quality and nutrition 

studies now show that these grains are more appropriate choices for the nutritional security of rural and urban poor who have 

limited access to other sources of dietary components. In addition, these grains could also be more appropriate choices than 

fine cereals, such as wheat and rice, for the elite who benefit from their high nutraceutical properties, calories and other nutrient 

content. 
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Now a days, the consumption of fertilizers is increasing particularly in the agrarian economy like India. The use of fertilizers 

for agricultural practices in India has increased since last 6 decades that has helped in increasing the production level but in 

turn leading to deterioration of soil level in many parts of the country mainly in Bundelkhand region of Uttar Pradesh. 

Bundelkhand region of Uttar Pradesh is a major concern of study as it is one of the poorest region as compared to other regions 

of the state it is also the most affected region with acute shortage of water supply and prone to drought conditions in the state. 

Thus, the increased consumption of inorganic fertilizer may prove to be a curse or bane for Bundelkhand region of the state 

because of it adverse effects on the soil. The over uses of the fertilizer which help in growth of plants by some farmers who are 

not much aware of techniques for properly handling of these fertilizers that reduce soil fertility. 

Demerits or Adverse Effects of Fertilizers on Soil 

1. The excessive use of inorganic and nitrogenous fertilizers mainly Urea is leading to depletion of soil, water and air in the 

Bundelkhand region of Uttar Pradesh. 

2. Excess fertilizer may lead to high concentration of salt in soil that may harm the plant and production of crops. 

3. The use of inorganic fertilizers causes change in the soil structure and texture due to which capacity of soil to absorb water 

is reduced considerably. 

4. The over dose of fertilizers may also lead to the transformation in the color of soil from black to brown due to which the 

concentration of carbon is reduced in soil. 

5. Too much fertilizer cannot naturally dissolve by rainfall or irrigation water and so evaporation occurs more than leaching. 

So, excess soluble salts, the minerals, left behind in the soil that raises the soil salinity and alter the P.H. level. 

The over utilization of fertilizers may have adverse effect on environment and crop production. Over- fertilization may also 

lead to sudden plant growth with insufficient root system to supply adequate water and materials to the plant, that in turn 

may lead to a harm in crop production in agricultural sector. The use of fertilizers may sometime kill the soil friendly microbes 

that are helpful in maintaining soil fertility. Ammonia- contaminated runoff from the field is toxic to aquatic life. At high levels, 

ammonia in surface water will kill marine fishes and other marine life forms. Fertilizers consist of substances and chemicals 

including methane, Carbon dioxide, ammonia and nitrogen, resulting in the increased quantity of greenhouse gas in the 

environment. Nitrous oxide which is a byproduct of nitrogen is the third most significant greenhouse gas after carbon dioxide 

and methane. It also destroys the ozone layer that protects the earth from the harmful ultraviolet rays of the sun. 

Table 1: Fertilizers Consumption in Bundelkhand Region of U.P. 

Dist/Year Jhansi Lalitpur Jalon Banda Hamirpur Mahoba Chitrakoot Total 

2000-01 22363 12073 19919 8521 9825 6991 6414 86106 

2001-02 25092 13099 27604 10203 11942 8924 7873 104737 

2002-03 21871 11633 26134 8155 9461 7332 6672 91258 

2003-04 23937 12448 26206 9682 11381 8339 7497 99490 

2004-05 24102 12428 26520 9673 11362 8154 7554 99793 

2005-06 25465 13165 27911 10162 11962 8605 7912 105182 

2006-07 26990 13979 29845 10957 12874 9350 8457 112452 

2007-08 29958 10908 26511 12776 8809 6770 7974 103706 

2008-09 27985 12899 27117 13144 9146 7220 8357 105868 

2009-10 31461 14748 30116 14912 10509 8929 9826 120501 
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2010-11 54525 41126 58340 26801 25467 17260 19396 242915 

2011-12 47885 40107 39721 22122 16849 13944 16480 197108 

2012-13 63089 30961 63089 55514 44363 39680 22897 319593 

2013-14 72601 70294 54196 59017 51684 45067 25876 378735 

2014-15 80899 78185 60797 65885 57676 50273 28741 422456 

Graph-1 fertilizers consumption in Bundelkhand region of U.P. 

 

The above table and graph show the consumption of fertilizers in Bundelkhand region of U.P. in various districts from year 

2000-01 to 2014-15 in metric tons. In the above table we can see that the consumption of fertilizers in Jhansi district in the year 

of 2000-01 was 22363 metric tons and it increased up to 80899 metric tons in 2014-15 whereas percentage increase was 361.75%. 

The consumption of fertilizers in Lalitpur district in the year 2000-01 registered to be 13073 metric tons and it increased up to 

78,185 metric tons in 2014-15 whereas percentage increase was 647.99%. In the year of 2000-01 Jalaun, Banda, Hamirpur, 

Mahoba and Chitrakoot districts consumption of fertilizers are 19919, 8521 ,9825 6991 and 6414 metric tons and which increased 

up to 60797, 65885, 57676, 50273 and 28741 in 2014-15. 

We can also see that there was huge increase in total consumption of fertilizer in all districts from 2000-01 to 2014-15. The total 

consumption of fertilizer of all districts in Budelkhand region in 2000-01 was around 86,106 metric tons that increased up to 

4,22,456 metric tons in the year 2014-15 and increased percentage was around 490.62%. 

The above detailed analysis shows that how the excessive and over utilization of fertilizers in the agricultural sector may lead 

to various harmful consequences both for the environment and human beings also. So, it can be understood that how the 

increase in consumption of inorganic and nitrogenous fertilizers may prove to be curse and bane for the Bundelkhand region 

of Uttar Pradesh. So, it’s time to switch over to organic form of fertilizers such green manure, rock phosphate, vermicompost, 

biomass etc. This may lead to sustainable development and growth. For example; we can adopt organic farming in the state as 

Sikkim which has become India’s first fully organic state. 
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Molecular farming is a new technology that uses plants to produce large quantities of pharmaceutical substances such as 

vaccines and antibodies. It describes the production of recombinant proteins and other secondary metabolites in plants. Plants 

provide an inexpensive and convenient system for the large-scale production of valuable recombinant proteins. Plants are 

suitable for the production of pharmaceutical proteins on a field scale because the expressed proteins are functional and almost 

indistinguishable from their mammalian counterparts. Plants offer several potential benefits compared to mammalian cell 

cultures. First, plants are inherently safe because no human pathogens replicate in plants, resulting in a low pathogen load and 

a low risk of process-related contamination. Second, the cultivation of plants is simple because there is no need for a sterile 

environment: intact plants can rely on their native immunity to keep pathogens at bay. Furthermore, inexpensive defined 

fertilizer solutions are sufficient for cultivation as opposed to the expensive media required for mammalian cell cultures, which 

often cost more. In this context, the third advantage is that cultivation of transgenic plants in particular can, in theory, be 

expanded to the agricultural scale, i.e., several thousand hectares. More than 100 recombinant proteins have now been 

produced in a range of different species. First recombinant plant-derived pharmaceutical protein Human growth hormone 

expressed in transgenic tobacco. First molecularly farmed pharmaceutical recombinant proteins Avidin (an egg protein) 

expressed in transgenic maize. The products of farming are recombinant proteins.  

Recombinant DNA technology is used in plant molecular farming in which gene of interest from one organism is artificially 

introduced into the genome of another organism, then replicated and expressed in host organism. Mostly gene transfer is done 

by two methods i.e Direct and Indirect. 

Methods for Plant Molecular Farming 

1. Stable nuclear transformation: It refers to the integration of genes or nominated foreign genes into the nuclear genome of 

plants, which results in the change of genetic structures and consequent expression of transgenes after integration with the 

host genomes. It is most common method for production the most of the recombinant proteins and used to accumulate protein 

in the dry seeds of cereals for long-term storage of the seed at room temperature 

2. Stable plastid transformation: A valuable alternative to nuclear transformation due to numerous advantages 

a. Gene of interest introduced into the plastid genome with coating onto microscopic gold particles using a biolistic 

gene gun. 

b. To select after several generations of plant regeneration from bombarded leaf explants on selection medium 

containing antibiotics. 

c. Up to 3–6% human therapeutic proteins produced in tobacco chloroplasts.  

3. Plant cell-suspension cultures: The system is done sterile in vitro conditions. Suspension cultured cells reduce heterogeneity 

of the protein. It is cheaper and simpler downstream processing and purification system. The system is rapid because there is 

no need to regenerate and characterize transgenic plants. 

Plant expression host system: The range of plant species are available to transformation for molecular farming. Most 

spread plant production systems in two groups: 
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a. Tobacco production system: The main advantages of tobacco include: 

i. Mature technology for gene transfer and expression 

ii. High biomass yield 

iii. Potential for rapid scale-up owing to prolific seed production 

iv. Availability of large-scale infrastructure for processing. 

b. Cereals and legumes 

i. The accumulation of recombinant antibodies in seeds allows long-term storage at room temperatures. 

ii. Seeds have the appropriate biochemical environment for protein accumulation 

iii. Seeds are desiccated which reduces the exposure of stored proteins to non-enzymatic hydrolysis and 

protease degradation.  

iv. Fruit and vegetables 

v. Particularly suitable for the production of recombinant vaccines, food additives and antibodies 

Molecular Farming and Metabolic Engineering, An Opportunity for Producing Plants with a High Technology 

Molecular farming and metabolic engineering make the production of new high-tech products possible. There is a driving force 

backing molecular farming that makes its costs much less than traditional farming. Chlamydomonas reinhardtii, as a 

unicellular alga, is one of the most recent production projects examined by Franklin and Mayfield. C. Reinhardtii is the only 

plant whose transformation was operated in its all segments containing DNA (nucleus, plastid, and mitochondria). Unique 

features of the moss system bring about the possibility of removing target genes and purification of the proteins secreted from 

the culture medium. 

Biosafety and Regulatory Issues 

The risks of transgenic plants are divided into two categories: one category directly affects humans and the other endangers 

environment and other organisms.  

1. Like for the GM food and feed crops, several regulations are being developed to increase the biosafety of the plant bioreactors 

in molecular farming 

2. General public concern about the potential health and environmental risks associated with the PMF crops (not the products) 

is being viewed at two levels: 

a. Genetically engineered proteins at very high concentration may affect the host plants. 

b. Biologically active products may affect physiological responses in humans and in animals. 

Perspectives Upon the Commercial Production of Medicines and Pharmaceutical Proteins in Molecular Farming 

The development stages and subsequent commercialization of the products is the subject of consideration in the second phase 

of clinical trials. A number of small biotechnology companies have aimed to commercialize the antibodies produced in plants. 

While there have been great advances in the field of biomedicine production in plants on large scales, fundamental studies are 

demanded to pave the way for the commercialization of these products. The present problems include the difficulty of low 

yield of protein, the possibility of harmful effects on the function/performance of proteins. 

Advantages of Molecular Farming in Plants 

1. Significantly lower production costs. 

2. Infrastructure and expertise already exists for the planting, harvesting and processing of plant material. 

3. Plants do not contain known human pathogens (such as virions, etc.) that could contaminate the final product. 

4. Higher plants generally synthesize proteins from eukaryotes with correct folding and activity. 

5. Plant cells can direct proteins to environments that reduce degradation and increase stability. 

6. Both capital and running costs are significantly lower than those of cell-based production systems because there is no need 

for fermenters or the skilled personnel to run them. 
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7. Recombinant proteins can be produced in plants at 2–10% of the cost of microbial fermentation systems and at 0.1% of the 

cost of mammalian cell cultures. 

Conclusion 

Plant molecular farming promises more plentiful and cheaper supplies of pharmaceutical recombinant proteins including 

vaccines for infectious diseases and therapeutic drugs that could be produced at a larger quantity and found to be properly 

assembled and functional. 

Table 

All recombinant protein products are derived from plants through molecular farming (Malabadi et al., 2012). 

Company name Products/technologies in the market 

Biocon  
(Bangalore)  

Therapeutic protein products Insugen for diabetes (a recombinant human 
insulin), monoclonal antibodies  

Reliance Life Sciences (Mumbai)  Recombinant plant proteins  

Transgene Biotek (Hyderabad)  Insulin and hepatitis-B oral vaccine, interferon INF α and β and two cancer 
drug proteins for colon and breast cancers  

Shantha Biotechnics Pvt. (Hyderabad)  r-Hep-B vaccine, r-INF -2b), insulin, and human monoclonal antibodies  

*A recombinant human insulin approved in India in 2003 and commercialized by the joint venture of Shanta Biotech and 

Biocon. 
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Agriculture is a backbone of growth and poverty reduction in developing countries where it is the main occupation of poor. 

Many women, in developing countries, are major producers of food. It is observed that women play a significant role in 

agricultural development and allied activities including main crop production, live-stock production, horticulture, post-

harvesting operations etc. About 70% of farm work is performed by women. Women farmers do not have equal access to 

productive resources and this significantly limits their potential in enhancing productivity. The women’s are the backbone of 

agricultural workforce but worldwide their hard work has mostly been unpaid. She does the most tedious and back-breaking 

tasks in agriculture, animal husbandry and homes. 

Various Important Aspect of Agriculture Which are Applied by Women’s to Enhance Agriculture Development 

1. Soil Testing: Soil testing is an essential as well as beneficial way of good crop. First of all, the farmers are tested their soil 

nearby soil testing centers, state university or touch in krishi vigan kender than they come to know how much fertilizer or 

manures requirement in their agriculture field. With help of Power tiller, Power weeder hoeing of field are done better. Power 

weeder is easy to carrying from one place to another even the youth are earned more if they take business to use of power tiller. 

They take training to handle the power tiller from their nearby krishi vigan kendera or power tiller purchase agency and use 

as business to hoeing the field of farmers. 

2. Vermicompost: Vermicompost is another useful and beneficial way to improve the fertility of the field. Here first of all forms 

vermipit today HDPE plastic vermipits are play major role. First farmers are put animal dung in the vermipit 20-25 days then 

put the earthworms. Earthworms are farmers friends Eisenia foetida is better sp.  Which eat the decomposable organic wastes 

and digested in the body and the materials not required for its nutrition are excreted. The excreta releases by earthworms are 

use as vermicompost. It is faster, ecofriendly natural biodegdration process which turns wastes and garbage into gold, the 

nutrient rich very good quality of organic manure. Farmers can use all the cowdung and other decomposable organic wastes 

available with him for preparing vermicompost and use this vermicompost in their field. It will bring a far-reaching sustainable 

impact and new hope in agriculture. 

3. Mulching: Mulching is beneficial way of increasing the yield of vegetables. Moisture is maintained through use of plastic 

sheets of mulch. Mulch is usually applied towards the beginning of growing season. It serves initially to warm the soil by 

helping it retain heat which is lost during the night. Mulch stabilizes the soil temperature and moisture and prevents sunlight 

from germinating weed seeds. Mulches help and keep the soil well aerated soil compaction that results when raindrop hit the 

soil. They also reduce water runoff and soil erosion. They help and maintain a more uniform soil temperature and promote of 

soil microorganism and earth worm. 

4. Agro Forestry, Trees and Grasses: Napier grass is used as fodder for animals. It is very beneficial crop it grows 12 months 

throughout the year so the fodder provides whole of the year. Hathi kaan is the high yielding variety of napier grass that gave 

green grass and used as fodder. The major cattle feeds are natural grass and napier provide fodder many cut throughout year. 
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Other feeds which depend on season and region for availability whereas napier provide fodder to all months. Trees are 

multipurpose they also help in soil maintenance as they restrict soil erosion and recharge the ground water and will ultimately 

flourish the traditional water resources. 

5. Postharvest Management: Post harvest management is also important work aspect of the women. Due to large amount of 

fruit products the fruits are not in use at a time but due to post harvest management it shall be use for large time like apple “ 

Jam, chutney” etc. are from chulu khumani “chutney , oil” are used flower like burans “squash” are formed generally no large 

efforts are made to produce marketable surplus as there is lack of proper storage facilities of the produce of perishable nature. 

This also provides new employment opportunities to the peoples by making it a profitable enterprise. 

6. Live-stock production: livestock production is largely in the hands of women. Most of the animal farming activities such as 

fodder collection, feeding, watering and health care, management, milking and household-level processing, value addition and 

marketing are performed by women. With the care of animal’s various products like milk, egg etc are produced. High yielding 

milk production varieties of cows and buffalo are rareing and careing by womens will increase they economy. 

Various Strategies Used for Empowering Rural Women by Government and Scientists 

Development of technology kits like line sowing methods and using high yielding varieties for promoting knowledge and skill 

empowerment on various topics related to farming and household practices. 

1. Development of software as ‘Nutriguide’ based on regional foods for food and therapeutic purposes. 

2. Establishment of nutrition garden in rural households as cost- effective solution for micronutrient malnutrition and 

nutritional upliftment of rural women population. 

3. Organizing stimulation programme in farm for enhancing mental, social and emotional development of rural children and 

educational interventions to rural mothers for providing conducive home environment to children. 

4. Providing supplementary feeding to infants and toddlers in farm creche for healthy security. 

5. Conducting field trials on drudgery reducing technologies for assessing ergonomic based physiological cost and work 

efficiency of rural women. 

6. Conducting out-reach programmes through radio and television talks; publication of scientific articles in newspapers, 

magazines. 

7. Development that is socially just, economically efficient and ecologically sound for empowering rural women. 

Apart from extending agricultural technologies on production and post-harvest to women farmers, new programmes should 

concentrate their efforts in providing crucial back-up services and support (backward and forward linkages) to help women 

groups to successfully adopt new techniques, crops and enterprises to increase their incomes and employment opportunities. 

Better knowledge of using high yielding varieties in crops as well as animals increase their income. New programmes should 

be planned with adequate resources for mobilizing women, forming groups, improving capacity and capability in technical, 

organizational and commercial (business/micro-enterprises) sectors and support systems (credit, raw material and markets). 

There are various agricultural extension programmes by krishi vigan Kendra that bringing overall improvement in the lives of 

rural women. This may not only enhance the production and productivity of agricultural sector and improve overall national 

food security but would also smoothen the transition of women from being beneficiaries of the programmes & Schemes to their 

active participation in shaping the empowerment. Efforts are needed to increase the capacity of women to negotiate with 

confidence and meet their strategic needs. 
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Biological control refers to the purposeful use of either introduced or resident living organisms, other than disease resistant 

host plants, to subdue the activities and populations of one or more plant pathogens. This may involve the use of microbial 

inoculants to suppress a single type or class of plant diseases. Or, this may involve managing soils to promote the combined 

activities of native or resident soil and plant-associated microbes that contribute to general suppression. There are seven 

principles involved in biocontrol of plant diseases such as 

1. Destruction of surviving propagules: Antagonists employ different mechanisms for destruction of surviving structure of 

plant pathogen in soil viz., production of enzymes such as glucanase and chitinase, inhibitory metabolite production and 

production of antibiotic etc., as well as competition for space and nutrients. The natural population of these antagonists are 

enhanced by organic amendments of the soil. 

Examples: Trichoderma viride manages Verticillium dahliae (verticilliium wilt of cotton). Pseudomonas fluorescens produces 

siderophores thus suppresses the population of Fusarium spp. Verticillium chlamydosporum a nematophagous fungi can 

destroy eggs and cysts of Heterodera avenae, H. schachtii and Globodera rostochinensis. Sclerotia of Sclerotium fungus are 

destroyed by parasitism of Sporodesmium sclerotivorum, Coniothyrium minitans and other fungi. Mycophagous 

nematodes Aphelenchus avenae feedes on hyphae of Rhizoctonia solani Trichoderma viride, T. harzianum, Penicillium spp. 

and Aspergillus spp are known to suppress the Macrophomina phaseolina (incites charcoal rot of cowpea). 

2. Prevention of inoculums formation: The above mentioned biological destruction of such propagules as sclerotia, oospore, 

cysts, and eggs helps in prevention of next generation of inoculum formation by preventing a pathogens from colonizing. 

Examples: Pythium aphanidermatum, Armillaria mellea and Fusarium roseum pre colonized with Phytophthora parasitica. 

Pseudomonas fluorescens known to inhibit the teliospore germination of Tilletia laevis (common bunt of wheat). Fusarium 

roseum conidia act as hyperparasites on Claviceps purpurea. Ampelomyces quisqualias parasitizes Uncinula necator and 

powdery mildew pathogens. 

3. Reduction of vigor or virulence of the pathogen: This approach involves suppression of pathogenicity factors in the 

pathogen. It can be achieved by modification of soil environment or pathogen itself. 

Example: Several dsRNA associated hypovirulent isolates of S. sclerotiorum were associated with reduced or delayed 

production of oxalic acid or both in comparison with virulent isolates. Altered sex ratio in phytonematodes 

(Meloidogyne, Heterodera, Globodera) and Hypo virulence in some fungi due to mycoviruses. 

4. Biological protection of planting material: Biological control has been more successful in protection of the planting material 

rather than through mass incorporation of biocontrol agents in the soil. Planting material can be protected by different ways 

like seed coating with cell or spore suspension of antagonists, protective covering of rhizomes, tuber and fruits with propagules 

of and biocontrol agents. 

Example: Agrobacterium radiobacter Strain K84 synthesises bacteriocin called Agrocin 84) which is used for management 

of crown gall incited by Agrobacterium tumefaciens. Different antagonists like Bacillus subtilis, Pseudomonas fluorescens, 

Trichoderma sp. Penicillum sp. and Chaetomium globosum are often used as effective seed protectants. 
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5. Biological protection of foliage and blossoms: Induced resistance is a state of enhanced defensive capability developed by 

a plant when appropriately stimulated. Systemic acquired resistance (SAR) and induced systemic resistance (ISR) are two forms 

of induced resistance wherein plant defenses are elicited by prior infection or treatment that results in resistance against later 

infection by a pathogen or parasite. In SAR form of induced resistance subsequent disease development can be reduced if 

defense mechanisms are elicited by a stimulus prior to infection by a plant pathogen. On the other hand in ISR form of induced 

resistance diseases are suppressed through the utilization of selected strains of plant growth-promoting rhizobacteria (PGPR) 

thereby developing antagonism between the bacteria and soil-borne pathogens as well as by inducing a systemic resistance in 

plant against both root and foliar pathogens. Rhizobacteria mediated ISR resembles that of pathogen induced SAR in that both 

types of induced resistance render uninfected plant parts more resistant towards a broad spectrum of plant pathogens. 

Antagonists Plants with enhanced ISR Plant pathogen 

P. fl uorescens CHAO Arabidopsis Peronospora parasitica 

B. subtilis GB03 Arabidopsis Erwinia carotovora 

B. pumilus SE34 Tobacco Peronospora tabacina 

P. fl uorescens 89B61 Tomato Phytophthora infestans 

6. Induced resistance 

7. Biological control of postharvest fruit decay: Bacterial and fungal antagonists used as an alternative to fungicide for 

management of postharvest fruit rots of citrus, apple, peaches, pears and cherries. Following are the some of the examples 

enlisted which are used against postharvest fruit decays. Following enlists some of biocontrol agents against postharvest fruit 

decays. 

Biocontrol agents Postharvest fruit decays 

Trichodetma viride, P. cepacia and P. fluorescens. Various types of Penicillum rots of citrus. 

Bacillus subtilis brown rot caused by Monilinia sp 

Trichoderma spp. Colletotichum gleosprioides, Phomopsis psidii and Rhizopus 

arrhizus 

Enterobacter cloecae Rhizopus rot 
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Presently, plant diseases are mostly managed by the application of agrochemicals. Nevertheless, this method causes toxic effect 

to the human beings and animals further develops resistance to the pathogen and these chemicals are non biodegradable and 

are responsible for polluting the environment. An alternative strategy to chemicals for management of plant diseases is the 

application of endophytes as biocontrol agents as biological control is an alternative and safe way to protect plants from 

phytopathogens. 

The term ‘endophyte’ was used initially in 1866 by German scientist, Heinrich Anton De Bary, The word endophyte is derived 

from two Greek words, “endon” means within and “phyton” means plant. Endophytes includes both fungi, bacteria, algae and 

actinomycetes which spend their whole life, or a period of their life cycle, inside healthy plant tissue without producing any 

disease symptoms. Endophytes have been isolated from almost all internal plant parts (inbetween the spaces of the cell walls 

and vascular bundles of plant roots, stems and leaves, tissues or flowers, fruits and seeds). They remain colonized in the internal 

tissues, not having any harmful effects to the hosts. 

List of Endophytes Isolated from Major Agricultural Crops 

Source plant Endophytes isolates Reference 

Citrus Bacillus cereus, B. lentus, B. 

Pumilis, B. subtilis, B. megaterium 

Araujo et al. (2001) 

Cotton Enterobacter sp. Musson et al. (1995) 

Rice Pseudomonas sp. Bacillus sp. Stoltzfus et al. (1997) 

Tomato Brebacillus brevis Patel et al. (2012) 

Wheat Azorhizobium sp. Webster et al. (1997) 

Sugarcane P. fluorescens Marcos et al. (2016) 

Azadiracta indica Aspergillus spp, Phomopsis oblonga, Cladosporium 

cladosporioides, Drechslera 

Verma et al. (2007) 

Aegle marmelos Aspergillus spp., Curvularia spp., Nigrospora spp. and Stenella 

spp. Polentilla fulgens 

Gond et al. (2007) 

Mechanism of Endophyte Mediated Plant Disease Resistance 

1. Induction of plant resistance: Fungal endophytes induce ISR aassociated with the expression of pathogenesis related (PR) 

genes. F. solani, endophyte isolated from tomato root tissues elicited ISR against the tomato pathogen, Septoria lycopersici and 

triggered the expression of PR genes. (Kavroulakis et al. 2007). 

2. Occupation of ecological niche / Competition for space: Ecological niche occupied by endophytes by rapid colonization 

and thereby exhausting the limited available substrates so that leaves no space and none of the nutrients would be available 

for pathogens to grow. Furthermore, once the endophytes colonize the plants, lignin and other cell-wall deposits are produced 
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by the plants to limit the growth of endophytes consequently, the cell wall becomes reinforced after endophytic colonization, 

thus it becomes tough for pathogens to infest. 

3. Hyperparasitism and predation: In hyperparasitism, endophytes act as a parasites of plant pathogens. For endophytes like 

Trichoderma spp. microbial predation is the common mode of action to suppress the plant pathogens.  

4. Secondary metabolites synthesized by endophytes: secondary metabolites are produced by many fungal endophytes and 

some of these compounds are antibiotics having antifungal, antibacterial and insecticidal properties.  

Castillo et al. (2002) demonstrated that antibiotics munumbicins produced by the endophytic bacterium Streptomyces sp. strain 

NRRL 30562 isolated from Kennedia nigriscans, can inhibit phytopathogenic fungi, P. ultimum, and F. oxysporum, in vitro.  

Sessitsch et al. (2004) reported that certain endophytic bacteria isolated from potato plants reduced the in vitro growth of S. 

scabies and X. campestris through production of siderophore and antibiotic compounds.  

Other than above mentioned mode of actions certain endophytes may play an important role in plant growth enhancement, 

phosphate solubilization, nitrogen fixation, phytoremediation, modulation of plant metabolism and phytohormone signalling 

that lead to adaptation of environmental biotic/abiotic stress. 

Following are the some of the some of the reports pertaining to the role of endophytes in plant disease management. 

Endophytic bacteria isolated from mustard and tomato plants, completely inhibited V. dahliae and F. oxysporum f.sp. lycopersici 

growth in vitro and in vivo, it also reduces the disease incidence and also increases the plant growth parameters (Nejed and 

Johnson 2000). Nagarajkumar et al. (2004) also reported that endophytic Pseudomonas strains were responsible for the effective 

control of plant pathogens F. oxysporum and R. solani.  Ziedan (2006) revealed that peanut seeds soaked in endophytic bacterial 

suspensions before sowing reduced Aspergillus niger and F. oxysporum infection by colonization over peanut seed at 30 days 

after harvesting.  Endophytes Trichoderma, Nigrospora and Curvularia species were isolated from R. serpentine. The crude extract 

of Nigrospora spp. showed inhibition activity against F. oxysporum and Phytophthora spp. (Doley and Jha (2010).  Muthukumar 

(2008) reported that endophytic bacterial isolates isolated from stem and roots of chilli plants exhibited higher inhibition of P. 

aphanidermatum the causal agent of chilli damping-off. Bacillus spp, Pseudomonas isolated from Peanut could inhibit, Sclerotinia 

sclerotiorum, S. minor, S. rolfsii and Fusarium solani spp.  Tonelli et al. (2010). Potentialilty of using endophytic F. oxysporum as 

biological control agents against R. similis and for toxic derivatives from their secondary metabolism to be used as potential 

nematicides (Shahasi et al. 2006). 

The use of endophytic microorganism for the plant disease control is relatively unexplored area of research. Little information 

is available about interaction between the endophytes, host plant and pathogens. Understanding of this interaction is crucial 

for the development of proper biocontrol strategy. Due to their beneficial function such as disease control as well as plant 

growth promotion, endophytes can be used in the form of bio-formulations (seed treatment, soil application and seedling dip) 

in agriculture. 
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Introduction 

Genetically modified crops are plants used in agriculture, the DNA of which has been modified using genetic engineering 

methods. In most cases, the aim is to introduce a new trait to the plant which does not occur naturally in the species. As the 

global population continues to expand, utilizing an integrated approach to pest management will be critically important for 

food security, agricultural sustainability, and environmental protection. The concept of Integrated Pest Management (IPM), a 

corner stone of Integrated Production (IP), appeared in the 1970’s, when it became evident that the over use of chemical 

pesticides can have serious negative consequences on the environment and human health. IPM is now recognized as a desirable 

standard for plant protection internationally (e.g., FAO, European Union Directive 2009/128/EC, US Food Quality Protection 

Act of 1996). Host plant resistance, whether developed through conventional breeding or through genetic engineering, is a 

cornerstone of IPM and is a complementary tool to other pest management practices. GE crops that provide protection against 

insects and diseases, or tolerance to herbicides are important tools that complement a diversified integrated pest management 

(IPM) plan. While GE crops may offer additional tools to complement IPM programs and improve their sustainability, 

economics, and social factors; an understanding of the characteristics of the crop, the introduced GE trait(s), the crop production 

system (Meissle, 2016). 

Status of Genetically Modified Crops in the World 

Farmers have widely adopted GM technology. Acreage increased from 1.7 million hectares in 1996 to 185.1 million hectares in 

2016, some 12% of global cropland (ISAAA, 2017). As of 2016, major crop (soybean, maize, canola and cotton) traits consist of 

herbicide tolerance (95.9 million hectares), insect resistance (25.2 million hectares), or both (58.5 million hectares). In 2015, 53.6 

million ha of GM maize were under cultivation (almost 1/3 of the maize crop). GM maize outperformed its predecessors: yield 

was 5.6 to 24.5% higher. A 2014 meta-analysis concluded that GM technology adoption had reduced chemical pesticide use by 

37%, increased crop yields by 22%, and increased farmer profits by 68%. This reduction in pesticide use has been ecologically 

beneficial, but benefits may be reduced by over use. Yield gains and pesticide reductions are larger for insect-resistant crops 

than for herbicide-tolerant crops. Yield and profit gains are higher in developing countries than in developed countries. 

India is among the world’s top five nations in cultivating GM crops according to the survey by International service for the 

Acquisition of Agri-Boitech Applications, an industry lobby group. Indian farmers cultivate genetically engineered Bt cotton 

in 11.4 million ha of land with an adoption rate of 95% as of 2017. But we are still there haven’t moved an in farther scientifically. 

The technology is still trapped in the web woven by politics and judiciary. 
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Table-1: Top Countries in Cultivation of Important Genetically Modified Crops 

Sl. No Countries GM Crops 

1 USA Maize, soyabean, cotton, sugarbeet, papaya and squash 

2 Brazil Soyabean, maize and cotton 

3 Argentina Soyabean, maize and cotton 

4 Canada Canola, maize, soyabean and sugarbeet 

5 India Cotton 

6 China Cotton, papaya, poplar, tomato and sweet pepper 

In India 

1. Bt Cotton:  For the time being, the only genetically modified crop that is under cultivation in India is Bt cotton which is 

grown over 11.4 million hectares. Bt cotton was first used in India in 2002. Bacillus thuringensis genes that makes it resistant 

against bollworms. 

2. Bt Brinjal: The GEAC in 2007, recommended the commercial release of Bt Brinjal, which was developed by Mahyco 

(Maharashtra Hybrid Seeds Company) in collaboration with the Dharward University of Agricultural sciences and the Tamil 

Nadu Agricultural University. Bt brinjal is effective in control against fruit and shoot borer. But the initiative was blocked in 

2010. 

3. GM Mustard: Dhara Mustard Hybrid-11 is a genetically modified variety of mustard developed by the Delhi University’s 

Centre for Genetic Manipulation of Crop Plants. It is herbicide tolerant crop. If approved by the Centre, this will be the second 

GM crop, after Bt Cotton and the first transgenic food crop to be allowed for cultivation in the country. 

Role of Bt Crops in Integrated Pest Management (IPM) 

Bt crops are plants genetically engineered to contain endospore (or crystal) Bt toxin to be resistant to certain insect pests of. 

Currently, the most common Bt crops are corn and cotton. Adoption of Bt cotton has greatly reduced the abundance of targeted 

pests in cotton and crops close to cotton that are infested by polyophagous target insects (Naranjo, 2011). In addition, the 

reduction in insecticide use enabled IPM programs in Bt crops fields and the increase on natural enemy populations. 

For cotton growers, there was a lot of pressure from pest before the introduction of Bt cotton. Due to synthetic insecticide 

resistance, farmers were losing much of their cotton because of American bollworm, Helicoverpa armigera, pink bollworm, 

Pectinophora gossypiella and Tobacco budworm, Heliothis virescens. In 1996, Bollgard cotton (A trademark of Monsanto 

Company) was the first Bt cotton to be marketed in the USA. It was producing Cry1Ac toxin with high activity of bollworms. 

Further, Bollgard II was introduced in 2003, representing the next generation of Bt cotton. It was producing Cry1Ac and Cry2Ab 

toxin. The most recent third generation of Bt cotton contained 3 genes: Bollgard III (Cry1Ac, Cry2Ab and Vip3A), Twin Link 

Plus (Cry1Ab, Cry2Ac and Vip3Aa19) and Wide Strike 3 (Cry1Ac, Cry1F and Vip3A) (Vyavhare, 2017). Bt cotton is the only Bt 

crop cultivated in developing countries (James, 2016). In India and China, the cultivated area was increased sharply to higher 

extent. 

The important role of Bt cotton in pest management is: 

1. Increases the yield of cotton due to effective control of three types of bollworms viz., American, Spotted and Pink bollworms. 

2. Insects belonged to Lepidoptera (Bollworms) are sensitive to crystalline endotoxic protein produced by Bt gene which in 

turn protects cotton from bollworms. 

3. Reduction in insecticide use in the cultivation of Bt cotton in which bollworms are major pests. 

4. Potential reduction in the cost of cultivation (depending on seed cost versus insecticide costs). 

5. Natural enemy abundance and biological control are significantly enhanced in Bt crops when compared to insecticide-treated 

conventional fields. 

6. No deleterious effects on environment, or mammals and humans due to rare use of insecticides. 
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Conclusion 

GM is a method to introduce new genes that can improve crop performance. In the last 14 years, both GM herbicide tolerance 

and insect resistance have been enthusiastically adopted by farmers in the USA, Argentina, Brazil, India and China. The 

outcomes have broadly been positive; easier weed control, better insect control with reduced insecticide applications, increased 

farm incomes. In essence IPM reflects a sound interaction of science and pragmatism to achieve productive, viable and 

sustainable production systems. Current GM crops play a major role in IPM systems with benefits for farmers and the 

environment. Intelligent resistance management will be a key for sustainable use of GM crops in IPM while there is a need for 

better harmonization of GM crops with existing IPM strategies. 
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Introduction 

The environmental changes caused by natural and human activities have accelerated in the past years. The increase in 

greenhouse gases is predicted to continue to raise global temperature. Plant diseases can have devastating economic, social 

and ecological consequences on a global level. The most dangers plant diseases like, potato late blight in Ireland in the 1840s 

and chestnut blight in the United States in the early 1900s, resulted in massive human death and migration and drastic changes 

to the landscape. Not only do many plant diseases persist for centuries, but also new ones continue to emerge worldwide. 

Estimates of direct production losses for the major agricultural crops by biotic stress have been around 20% to 40%. Not every 

disease is equal. Some plant pathogens have a more devastating economic effect than others. Pathogens that commonly infect 

plants are diverse, ranging from intracellular viruses and bacteria, to those that live extracellularly, including other bacteria, 

fungi, oomycetes and nematodes. 

Plant – Pathogen Interaction 

Pathogens and plants do not interact in isolation. The famous ‘disease triangle’ concept in plant pathology highlights the 

interaction of both plants and pathogens with the environment. Disease to occur, a susceptible plant host, a virulent pathogen, 

and the proper environmental conditions are required, as lack of favourable conditions for any of these three factors results in 

a failure for disease to develop. Both pathogens and plants have an optimal environmental condition for their growth and 

reproduction, with an optimal environmental condition that is best for disease outbreak. 

Environmental Factors Affecting Plant Disease 

Many environmental conditions affect plant disease development, including temperature, light and water availability, soil 

fertility, wind speeds, and atmospheric ozone, methane and CO2 concentrations. Among these, three are predicted to most 

likely change and affect the climate in this century — CO2 concentration, temperature, and water availability 

Atmospheric Carbon Dioxide Concentration 

Current atmospheric CO2 concentration has surpassed the 400-ppm threshold (from less than 285 ppm at the start of the 19th 

century) mainly because of anthropogenic influence. It is projected that the increase in greenhouse gases will cause an increase 

in global temperature between 1.5 ̊ C and 4.8 ̊ C by the end of the century relative to the temperature before the industrial era 

(year 1800). For the fungal pathogen Fusarium graminearum, elevated CO2 levels not only increased the susceptibility of wheat 
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varieties. But also increased the virulence of the fungal isolate, resulting in more severe disease overall. In contrast, in some 

oomycete–plant interactions such as between soybean and Peronospora manshurica, CO2 concentrations of 550 ppm decreased 

the severity of the disease by more than 50%. The complicated relationship between CO2 concentrations and disease is further 

reflected for the potato late blight disease caused by the oomycete Phytophthora infestans. 

Temperature 

Every plant–pathogen interaction, there is an optimal temperature range at which disease develops. For example, 15°C is 

optimal for Globodera pallida nematodes to infect potato plants, daytime temperatures of 35°C and nighttime temperatures of 

27°C are most favorable for Xanthomonas oryzae bacteria to colonize rice, whereas temperature between 26°C and 31°C are ideal 

for papaya ringspot virus (PRSV) to infect papaya. However, temperature averages might not always be good predictors of the 

potential for an infection. The rust pathogen Puccinia striiformis was found to be unable to cause infections in the laboratory if 

inoculated in wheat seedlings at constant temperatures over 21°C, while in the field, infections occurred even when 

temperatures fluctuated between 18°C and 30°C. 

Water Availability 

Most plant diseases are favored by conditions of rain, high air humidity and high soil moisture. In particular, the virulence of 

pathogens that infect aerial tissues is greatly promoted by rain and high humidity. For example, the virulence of the fungus 

Sclerotinia sclerotiorum increases as air humidity increases, with highest disease development in lettuce plants when the air 

relative humidity surpasses 80%. For fruit rot caused by Phytophthora capsici, pathogen growth and disease symptoms are 

highest at close to 100% relative humidity. On the other hand, soil moisture is more critical than air humidity for soil-inhabiting 

pathogens, many of which cause plant wilt diseases. Lower soil moisture decreases the incidence of infection of Ralstonia 

solanacearum in tomato plants. In fact, balancing moisture levels to reduce disease incidence but still favor plant growth is an 

important cultural practice for disease management. 

Combined Effect of Multiple Environmental Factors 

Predicting the combined effect of changing environmental conditions on disease is not straightforward. In Arabidopsis, 

combined heat, drought and turnip mosaic virus (TuMV) infection cause a more severe reduction in plant growth than each 

individual factor alone. For many fungal pathogens, the combination of warm temperatures and high humidity provide the 

optimum conditions for disease development. In the interaction between Botrytis cinerea and grapes, both air relative humidity 

close to 100% and temperatures between 20 and 25°C were required for optimal disease, and deviations from this optimum 

resulted in a drastic decrease in disease incidence. 

Environmental Impact on Defense Hormone Pathways 

Stress hormones, particularly ABA, SA, jasmonic acid (JA), and ethylene (ET), are well known regulators of abiotic and/or 

biotic responses in plants. In particular, ABA is involved in regulating multiple abiotic environmental stresses, including 

drought, heat, cold, and salinity responses, whereas SA, JA and ET are involved in regulating responses against pathogens. 

Major Causes for Concern Due to Plant Diseases in the Context of Climate Change Increased Temperatures 

1. Incidence of plant diseases 

2. Pathogen overwintering 

3. Emergence of new pathogenic strains 

4. Rise of aggressive plant disease vectors 

Increased Rainfall or Humidity 

1. Increased incidence of moisture-requiring plant diseases 

2. Decreased crop marketability 
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Conclusion 

Based on current climatic trends and plant and pathogen responses to major climatic factors in this century, we predict certain 

diseases to be of major concern for worldwide food security. 
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UN FAO  suggest that kitchen gardens can supply up to half of all non-staple food needs, as well as a significant amount of vitamins and 

minerals, this makes Kitchen garden an invaluable tool for nutritional  security. Healthy diet, fresh fruits and vegetables support a healthy 

immune system, which is especially important during the time of stress and contagion. 

In the wake of COVID-19 outbreak, entire mankind across the world is suffering. While there is no medicine for COVID-19 till 

now. As we know prevention is better than cure. It may be avoidable  by following all hygiene standards like washing your 

hands frequently, using alcohol based sanitizers, covering your mouth while sneezing or coughing or wear mask, avoid 

touching surfaces, Social distancing, Home Quarantine . Except these, there are also  certain ways to avoid corona. As Hon’ble 

PM Mr. Narendra Modi, highlighted the benefits of Ayurveda. Ministry of AYUSH’s protocol advised usage of Ayurvedic 

herbs such as tulsi,ginger  tea clean and strengthen upper respiratory tract. Usage of turmeric to boost immunity and reduce 

toxins. And food items like cumin, coriander, garlic, fresh lemon juice are potent aids to increase the body immunity against  

harmful infections. 

Boosting our immunity against corona virus is very important which can be achieved by Improving our Diet. 

The food we eat plays a vital role in determining our overall health and immunity. We should Consume low carb to avoid high 

blood pressure and diabetes,  focus on protein diet, have Sound sleep, exercising daily for 30 mins is advisable. 

A regular intake of fresh  vegetables and fruits rich in beta carotene, ascorbic acid  and other essential vitamins and minerals  

also helps our body to fight against viruses. But Stepping out to buy fresh fruits, vegetables, supplements is not a good option 

during the Lockdown and maintaining Social Distance.  Now the major challenge arises. 

How to Boost Nation’s  Immunity in Pandemic 

Kitchen Garden: Nutritional garden/ kitchen garden is a backyard  place or unused space where herbs, fruits, vegetables, 

legumes are grown. In India we often see herbs, vegetables are grown in windows, balcony, terraces for continuous supply of 

fresh  vegetables, micro greens, herbs for the family members. 

Food and Agriculture Organization of United Nations Urges All to Plant Kitchen Garden to Provide Nutrition 

During COVID-19 Pandemic 

In India Kitchen garden is an ancient type of garden, where an un used place of locality, usually cultivated by the local people 

to grow their own crops. Corona just renewed appreciation for kitchen garden. 

Benefits of Kitchen Garden: 

1. Kitchen Garden improves health and nutritional status of the family. 

2. Nutritional garden continuously supply fresh vegetables, micro greens, herbs. 

3. Vegetable kitchen garden balances nutrition in diet. As balance diet is incomplete without vegetables. 

4. Kitchen garden is the easiest way to get macro and micro nutrients from different vegetables.  

5. Saves money, help to save expenditure on purchase of vegetables. 

6. Vegetable kitchen garden are free from toxic chemicals, harmful insecticide and pesticides. 

7. Organic manures and fertilizers are used in Nutritional garden, so it is good for sustainable. environment. 

8. Vegetables are richest source of fiber, which supports our digestive system. 

9. A vegetable grown by one-self will always taste better than market one. 

10. As whole family involves in kitchen garden it develops a sense of co-operations among children. 
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11. Growing vegetable for self helps as a stress buster that’s why many IT-based companies are asking their employees to grow 

their own vegetables. 

12. Growing vegetables constitutes a very healthy hobby as it improves physical health (bending and stretching). 

13. Waste water from washroom and kitchen can be easily utilized by diverting to vegetable beds. 

Vegetables, Green Leaf, Herbs, Fruits Which Can be Easily Grown in Kitchen Garden Along with their Nutritive 

Value 

Tomato  Known as “Protective Foods” because of having good nutritive value, richest source of calcium, 
vitamin A and C, phosphorus and sulphure. 

Brinjal Ayurvedic medicinal properties, said to be good for diabetic patients. Contains vitamin A, 
phosphorus. Potassium and protein. 

Chilli Richest source of potassium, oxalic acid, phosphorus, fiber, protein, potassium, vitamin A and C. 

Bitter Gourd It is richest source of Phosphorous, calcium, iron and vitamin C, Alkaloid momordicine gives bitter 
taste to fruit. It has beneficial effect on person suffering from diabetes, arthritis, asthmatic problem. 

Spring Onion It is a good source of antioxidant, vitamin C, phosphorous, calcium, iron magnesium. It also avoids 
sun stock   during summers. 

Radish Popular root crop. Radish actually help in cleanse our liver and stomach, and help in detoxifying. 

Carrot It contains antioxidant called carotenoids, protects eye and skin 

Turnip It contains indoles which reduce risk for cancer, good for heart, and balance blood pressure. 

Beet Root Contains high antioxidant called beta-lain which improves circulation. 

Beans  Content high fiber, provide daily protein requirements. It is easy source of calcium, silicon, iron, 
manganese, potassium reduces the risk of heart disease. 

Garlic Contains almost everything required by a human body.it is rich source of vitamin C, B6 and 
manganese, garlic has medicinal properties stimulate gastric, used in TB, Cough, Pnemonia. 

Moringa  Most popular tree vegetable, richest source of vitamin thiamine, riboflavin, niacin, B6, folate and 
ascorbic acid, calcium, potassium, iron, magnesium, phosphorus, zinc and protein. Use in 
treatment of rheumatism, cardic, protect liver against damage. 

Green Leafy 
Vegetables 

Richest source of vitamins, minerals, disease fighting chemicals. good source of folic acid. 

Fenugreek It has medicinal value, it prevents constipation, stimulate spleen and liver and diuretic.richest 
source of calcium 

Amaranthus Cure urinary disorder, liver disorder diabetes and asthema. 

Okra Antistress, antioxidant, help in lower cholesterol 

Curry Laef Eliminate bacteria, good for diabetics, reduces stress. 

Turmeric Contain curcumin prevent heart disease, rich in antioxidant  

Wheatgrass High in nutrient and anti-oxidant kill cancer cells, regulate blood sugar. 

Ginger Contain Gingerol having medicinal property. 

Coriander Rich in copper, zinc, iron, increase RBC and metabolisim. 

Bottle Gourd  Treat urinary tract infection, relieves stress, cures stomach problem, keep heart healthy, purify 
blood. 

Lemon Balances blood pressure, prevents cancer,prevents asthma, boosts immunity system. 

Pea Good source of plant-based protein. 

Tulsi Promote healthy heart, contain vitamin C and antioxidant. 

Aleo Vera Contain antioxidant and anti-bacterial property, reduces blood sugar. 

Source: Book entitled “Vegetables” by Bishwajit Choudhury. 
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Introduction 

The changing climatic patterns and ongoing population pressure had been resulting in global food crisis. So, agricultural 

production must be increased in a sustainable matter under the recent climatic scenario (Hanson et al., 2007). The increasing 

malnutrition among people is attributed to qualitative and quantitative protein deficiencies in the daily diets. Pulses have a big 

role to play in the agriculture sector, which is wrestling with rising competition for land and resources, climate change, growing 

food demand, and complex commodity markets. Pulses being an important source of accessible protein, thus can feed a higher 

population, especially the poor. Pulses can boost total productivity of all crops in a rotation by increasing availability of 

nitrogen, enhancing nutrient and water use efficiency, disrupting pest, weed, and disease cycles, and improving soil quality. 

Definition of Pulses Crops 

The term “pulses” is limited to crops harvested solely as dry grains, which differentiates them from other vegetable crops that 

are harvested while still green. Pulses have a long, rich history. The first evidence of pulses comes from 11,000 years ago in the 

Fertile Crescent, a region in the Middle East which was home to some of the earliest human civilizations. 

Role of Pulse Crops in Nutrition 

1. Germinated pulses: 

a. Enhance availability of nutrients 

b. Facilitate digestion and absorption 

c. Decrease anti-nutritional properties like phytate and tannin 

e. Reduces the oligosaccharide content of the pulses 

f. Lessens gas production (flatulence) and abdominal cramps due to consumption of pulses 

2. Boiled/cooked pulses: 

a. Enhance edibility and digestibility of pulses 

b. Improves the appeal and sensory properties of pulses 

c. Eliminates heat labile anti-nutritional factors such as trypsin inhibitors 

Advantages 

1. Pulses are an affordable source of protein and minerals for a large proportion of rural populations in the world 

(Oppenheimer, 2001). 

2. Pulses can be stored for long periods without losing their nutritional value due to their long shelf life. 

3. Many pulses are drought-resistant and are suitable for marginal environments. 

4. Less expensive than animal protein and easily affordable. 

5. Short duration crops. 

6. Good cover crops. 
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7. Pulses being cash crops, serve as good source of income for farmers. 

8. Pulses have a significant role in improving soil fertility due to their nitrogen fixing capacity. 

9. Pulses have good potential to diversify cropping systems in organic farms. 

10. Good market demand and premium price (Patel et al., 2015). 

11. Better nitrogen and water use efficiency (USDA, 2010). 

Nutritional Properties of Pulses 

As part of the 2016 International Year of Pulses, scientists from around the world have developed a 10-Year Research Strategy 

for Pulse Crops with support from the Global Pulse Confederation (GPC) and the Canadian International Development 

Research Centre (IDRC). This report showcases transformative research investments that would allow pulse crops to deliver 

on their full potential as a critical player in the global food system. 

1. Pulses are part of a healthy, balanced diet and have been shown to have an important role in preventing illnesses such as 

cancer, diabetes and heart disease. 

2. Pulses are a good source of protein, with a low glycemic index. Pulses also serve as a good replacement to animal proteins. 

3. Pulses are highly rich in fibres, both soluble and insoluble fibres. Soluble fibres help to decrease blood cholesterol levels and 

control blood sugar levels, while insoluble fibres help in digestion. 

4. Pulses provide important amounts of vitamins and mineral. Some of the key minerals in pulses include iron, potassium, 

magnesium and zinc. Pulses are also particularly abundant in B vitamins; including folate, thiamin and niacin. 

5. Pulses typically contain about twice the amount of protein found in whole grain cereals like wheat, oats, barley and rice, and 

in most developing countries constitute the main source of protein for most populations. 

Conclusion 

Although pulses possess so much nutritional properties, cultivation of these crops is not increasing at the desired rate due to 

lack of knowledge and awareness among farmers. Encouraging awareness of the nutritional value of pulses can help increase 

crop production. Pulse crops are also used in crop diversification. In developing countries, poor people can rely on pulses as 

these are easier source of protein in affordable range than animal-based protein and cereals. Adopting pulse rich healthy diets 

may avoid the increase in non-communicable disease often associated with diet transitions and rising incomes. 
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Zero tillage/ No-till farming also knows as direct drilling. It is an agricultural technique for growing of crops without 

disturbing the soil through tillage practices. No-till farming also decreases the soil erosion caused by conventional tillage. Other 

possible benefits include an increase in the amount of water in the soil, organic matter, and nutrient cycling. Zero tillage 

requires more amounts of herbicide to control weeds. Residue retention on the soil surface in the zero-till system serves as a 

physical barrier for the emergence of weeds, conserve soil moisture, the addition of organic matter, maintain the soil 

temperature, and improve the nutrient and water availability. Zero till system adopted by farmers to save 2000 to 2500 ha-1 in 

comparison to conventional tillage, which provides profit to the farmer (Singh et al. 2007). This success of zero tillage improves 

the chances of increasing cropping intensity in Indo-Gangetic plains. After the green revolution zero tillage technology is now 

turning into a success story and become one of the best technology. 

Zero Tillage in Wheat 

Reduced and zero tillage systems can provide timely sowing to minimize loss of wheat yields. The late harvesting of the 

preceding rice/cotton crop, often delays the planting of wheat which is the first fortnight of November. Due to the cultivation 

of long and medium duration rice varieties delayed of wheat sowing in North India. One day delay of wheat planting past the 

optimal date results in a yield loss of 26.8 kg/ha/day (Tripathi et al. 2005). The zero tillage technique not only ameliorates the 

problem of delayed sowing but also reduces the incidence of most problematic weeds like Phalaris minor in wheat. Large 

quantities of crop residues are left on the soil surface and pose a problem in tillage operations resulting in delayed sowing of 

succeeding wheat crop, due to combine harvest of rice. The average area under zero-till wheat in India is 7.60 Mha and the 

maximum area under zero-till is recorded in Punjab state (46.6%). 

Advantage of No-Till Farming 

1. Reduce the cost of inputs for land preparation and therefore a saving of around 80%. 

2. Organic matter gets added to the soil. 

3. Zero tillage reduces the compaction of the soil.  

4. No-till reduces the water loss by runoff and prevent soil erosion.  

5. Residual moisture can be effectively utilized and the number of irrigations can be reduced. 

6. Crop duration reduced and thereby early cropping can be obtained to get higher yields. 

Weed Flora and Density 

It is important to understand the competition between weeds and the wheat crop by introducing good agronomic practices 

and the ecology. Crop-weed competition initiates when crop plants and weeds grow in close vicinity and their root or shoot 

system overlaps. In the rice-wheat system, after harvesting rice in the presence of enough soil moisture, weeds emerge earlier 

than wheat or along with the wheat crop. Wheat yield losses are primarily due to a reduction in tillering. Reductions yield due 

to weeds in wheat vary from 15-50%, it depends upon the weed density and weed flora (Jat et al. 2003). Uncontrolled weeds in 
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wheat caused a 60.5% reduction in wheat grain yield under conventional tillage (CT) and 70% in zero-till (ZT) conditions the 

critical period of weed control is 30-45 days after sowing of wheat crop and the crop should be kept weed-free during this 

period. No-till more popular in wheat cultivation, it does not only reduce the number of weeds like Phalaris minor and 

Chenopodium album, it also improves the input-use efficiency (Mishra et al. 2005), soil condition also improves due to in-situ 

decomposition of crop residues, infiltration rate increases, cost of seedbed preparation reduced and timely sowing of wheat in 

rice-wheat system. Most of the weed seeds in the top 1.0 cm of the soil profile present in no-till cropping system (Chahal et al. 

2003). 

Herbicide Management 

Herbicide use has increased in both CT and ZT systems because it provides effective and economical weed control and saves 

labor, which has become scarcer and more expensive (Rao et al. 2007). Therefore, it is the most important weed management 

technology in zero tilled wheat. Zero tillage in West Bengal (India) by using the non-selective herbicide paraquat and reported 

that in zero tillage 3.75 l/ha of paraquat application produced more rice yield as compared to conventional tillage 

supplemented with one hand weeding (HW) (Mukhopadhyay and Rooj 1971). Wheat crop obtained more grain yield in zero 

tillage as compared to conventional tillage when grown as a succeeding crop in the same field. Chemical weeding with the 

application of non-selective herbicide would be a key factor for the management of weeds and the success of zero tillage in 

wheat. The studies conducted in Punjab indicated that in areas where P. minor has not developed resistance to isoproturon, 

depending on soil type, its application at 600-1000 g/ha, before or after first irrigation provided effective control of P. minor, A. 

ludoviciana and many broad-leaved weeds in ZT wheat. In areas, where P. minor develops resistance to isoproturon, application 

of pinoxaden 50 g, sulfosulfuron 25 g, clodinafop 60 g, fenoxaprop 100 g/ha at 30-35 DAS of wheat provided effective control 

of P. minor and A. ludoviciana in ZT wheat. In the case of broad-leaved weeds like C. album, Anagallis arvensis, Medicago 

denticulata, Coronopus didymus etc., 2,4-D ethyl ester or 2,4-D sodium salt at 400-500 g/ha at 35-45 DAS when wheat is sown 

timely and at 45-55 DAS in late sown crop (December) are effective. Metsulfuron 5 g/ha at 30-35 DAS provides effective control 

of R. spinosus along with other broad-leaved weeds, as 2, 4-D does not control this weed. Other broad-leaved weeds including 

Malva parviflora and R. spinosus control by Carfentrazone-ethyl at 20 g/ha at 20-25 DAS. One post-emergence application of 

sulfosulfuron + metsulfuron at 30 g, mesosulfuron + iodosulfuron at 15 g, fenoxaprop + metribuzin at 500 g or tank-mixture of 

clodinafop 60 g + 2,4-D 400 g/ha at 30- 35 DAS is effective, in fields where both grass and broad-leaved weeds are present. 

Crop Residue Management 

The majority of farmers in rice-wheat systems, especially in North-Western IGP, burn residues of previous rice crop for its 

rapid disposal before wheat sowing because it can interfere with drilling. Such burning of rice straw increases the germination 

of P. minor and reduces the efficacy of soil-active herbicides like isoproturon and pendimethalin (Chhokar et al. 2009). Now 

days planting technology has made it possible to sowing of wheat successfully into heavy residues and as mulches for weed 

suppression. In particular, the rotary disc drill and turbo/happy seeder can sow/place the wheat seed in heavy residue mulch 

of up to 8 to 10 t/ha without any adverse effect on crop establishment (Kumar and Ladha 2011). When rice residues are kept 

on the soil surface as mulch, the emergence of P. minor, Chenopodium album, and R. dentatus was inhibited by 45, 83 and 88%, 

respectively at 6 t/ha rice residue load compared to without residue mulch (Kumar et al. 2013). 

Conclusion 

It concludes that conventional tillage can be replaced by zero tillage with proper recommended weed management plans, 

however, some long-term research is needed to determine medium-term positive or negative effects of reduced tillage on 

sustaining wheat yields. 
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Introduction 

Apomixis is a reproductive mechanism that bypasses the sexual process (reduction division and fertilization) and allows a 

plant to clone itself through seed. It is derived from two Greek word "APO" (away from) and "mixis" (act of mixing or mingling). 

Apomixis refers to the development of seed without sexual fusion. Apomixis was defined by Hans Winkler as replacement of 

the normal sexual reproduction by asexual reproduction, without fertilization. Apomixis is widely distributed among higher 

plants. More than 300 species belonging to 35 families are apomictic. It is most common in Gramineae, Compositae, Rosaceae, 

and Rutaceae. Among the major cereals maize, wheat, and pearl millet have apomictic relatives. 

Types of Apomixis 

Mainly four types of apomixis phenomenon are suggested by Maheshwari (1954)  

1. Recurrent Apomixis: An embryo sac develops from the megaspore mother cell (archesporial cell) where meiosis is disturbed 

or from some adjoining cell. The embryo subsequently develops directly from the diploid egg-cell without fertilization. E.g: 

Crepis, Taraxacum, Poa (blue grass), and Allium (onion) without the stimulus of pollination. Malus (apple), and Rudbeckia 

where pollination appears to be necessary, either to stimulate embryo development or to produce a viable endosperm. 

2. Non -recurrent Apomixis: An embryo arises directly from normal egg-cell (n) without fertilization. Since an egg-cell is 

haploid, the resulting embryo will also be haploid. 

3. Adventive Embryony: Embryos arise from a cell or a group of cells either in the nucellus or in the integuments, e.g. in 

oranges and roses. Since it takes place outside the embryo sac, it is not grouped with recurrent apomixis, though this is 

regenerated with the accuracy. Embryo within the embryo sac may also develop simultaneously, thus giving rise to poly-

embryony condition, as in Citrus, Opuntia. 

4. Vegetative apomixis: In some cases like Poa bulbosa and some Allium, and grass species, vegetative buds or bulbils, instead 

of flowers are produced in the inflorescence. They can also be reproduced without difficulty. 

Mechanisms of Apomixis 

There are various mechanisms of apomixis, some of which result in unstable chromosome numbers (Naumova, 1993). 

Development of apomictic seed formation takes place in three stages: a) suppression of meiosis (apomeiosis), b) endosperm 

formation without fertilization (parthenogenesis) c) Requires fertilization to produce endosperm (Pseudoapomixis). 

Effect of Apomixis 

1. Biodiversity: Transfer or introduction of apomixis promotes uniformity.  

2. Mutation: “Conditional apomixis” approach in which apomictic reproduction is temporarily switched to sexual 

reproduction (or vice versa) has gained importance.  

3. Polyploidy: Apomixis arose from asynchronous expression of duplicate sexual reproductive gene sets in hybrid or polyploid 

genomes. Alleles responsible for apomixis may act as or linked to recessive lethal factors, thus they can only be transferred by 

a diploid or polyploid gamete (Nogler, 1993; Naumova, 1987 and Vielle-Calzada, 1996). 
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Application of Apomixis 

1. Fixation of heterosis: In many cases, hybrid vigour may be conserved for many generations by using recurrent apomixes. 

2. Production of homozygous line: Apomixis is an effective means for rapid production of pureline. Haploid parthenogenesis 

give rise to haploid plant which upon colchicine treatment will produce diploid pure line that can be used in plant breeding 

programmes. 

3. Production of vybrids: A vybrid is the progeny obtained from a cross between two facultative apomicts. 

Advantages 

1.Rapid multiplication of genetically uniform individuals can be achieved without risk of segregation. Apomicts tend to 

conserve the genetic structure of their carriers. 

2. They are also capable of maintaining heterozygote generation after generation. Therefore, such a mechanism might offer a 

great advantage in plant breeding  

3. Efficient exploitation of maternal effect, if present, is possible from generation to generation. Maternal effects are most 

common in horticultural crops, particularly fruit trees and ornamental plants. 

4. Homozygous inbred lines, as in corn, can be rapidly developed as they produce sectors of diploid tissues and occasional 

fertile gametes and seeds. 

Disadvantages 

1. Apomixis genes could escape into wild relatives and cause genetic erosion. 

2. Gene transfers from apomictic crops to sexual wild relatives, both of which might have the same ploidy level. 

3. Apomixis is a very complicated phenomenon. Therefore, its utilization necessitates reorientation of breeding procedures as 

well as seed certification. 

Conclusion 

The three features of apomixis, viz.,  

1. Ease of multiplying and maintaining elite hybrid genotypes, 

2. Ease of producing high-quality pure seed without isolation requirements 

3. Possibility for selection of a diversity of more closely adapted genotypes, are expected to provide means of indefinite fixation 

of hybrid vigour, lower cost of hybrid seed production, and help marginal farmers who usually save seed from their last harvest 

for the next cycle of cultivation. 
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Introduction 

Covid-19, the viral disease is a serious problem that has been now spread to around 200 countries of the world. The disease is 

now declared as a pandemic by WHO. Wuhan city of China is being considered as the epicenter of the pandemic. As the whole 

world is facing this problem however in India, it is spreading at a faster pace but treatment is not available. The scientific 

communities working on this but till now success is not achieved. Our health workers are working on "Hits and Trial" of 

medicines for the treatment of Covid-19 positive patients based on symptomatic treatment theory. So in this situation, several 

medical studies suggested that chloroquine and hydroxychloroquine, the anti-malarial drug could be effective on SARS-CoV-

2 and is noted to be useful in Chinese Covid-19 treatment. Apart from this, depending upon the severity in several cases, 

azithromycin was also used for the treatment. These medicines are being given to the patients to get rid of Covid-19. It was 

also observed that more than 80% of Covid-19 positive patients do not need more medical attention to get rid of this. It may be 

because of their better immunity. The drugs discussed above are of very high power so the immunity level of the patients could 

also play an important role in their treatment. Thus several horticultural crops, which are rich in vitamin C content (immunity 

booster), have the potential to be utilized as food for fighting against Chinese Covid-19 which do not have any side effects on 

the health of human beings. Thus several doctors have prescribed the use of vitamin C rich fruits for enhancing the immunity 

level of the persons against this severe pandemic. 

Importance of Vitamin C Content in Foods 

Several peoples move toward vitamin C (Ascorbic acid) after they have caught a cold or other minor viral infection. This may 

be because it helps in enhancing the efficacy of our immune system. Vitamin C is well known for being a potent antioxidant, 

as well as has a significant effect on skin health and the immune system. The human body cannot produce Vitamin C of its 

own so have to supply in the form of foods or food supplements. Vitamin C is supposed to increase the production of white 

blood cells (WBCs) which are a key component to fight against infections. Vitamin C also increases the absorption of non-heme 

iron hence helps in prevention as well as treatment of iron deficiency (anemia). 

Vitamin C Rich Horticultural Crops 

The fruit crops enriched with ascorbic acid are useful in improving the immunity level of our body, are discussed as below: 

1. Kakadu plums: This fruit crop is known to be originated from Australia and is well-known to have Vitamin C content of 

around 5300 mg per 100g which is 100-fold more than oranges. Every single fruit contains 481 mg of Vitamin C. It is also 

enriched with other antioxidants. 

2. Barbados cherry: Vitamin C content in Malphighia spp. contains 822 mg per 100g of fruit which is highest among all fruit 

crops.  

3. Aonla: Fruits of aonla contain around 600mg per 100g of ascorbic acid which is 2nd highest among fruit crops. 
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4. Guava: This crop is known to be originated from South America (Peru) and is well-known to have Vitamin C content of 

around 5300 mg per 100g which is 100-fold more than oranges. Every single fruit contains 126 mg of Vitamin C. It is also 

enriched with other antioxidants like lycopene. 

5. Black currant: Fruits are botanically known as Ribes nigrum. One-half cup i.e. 56 g of blackcurrant fruits comprises around 

101 mg of vitamin C. 

6. Papaya: Papaya contains 62 mg per 100 g ascorbic acid which helps in enhancing bone strength and function. Besides vitamin 

C content, it also contains 2nd highest amount of vitamin A (2020 IU). 

7. American parsimon: American parsimon contains around 66 mg per 100 g vitamin C in fruits. 

8. Kiwifruits: Kiwifruit of medium size gives us around 71 mg of ascorbic acid. Studies have suggested that vitamin C enriched 

fruits of kiwi help to improve immunity  

9. Citrus fruits: Several species of citrus fruits including grapefruit, tangerine, orange, lime, lemons, and Clementine are 

supposed to be rich in Vitamin C. 

10. Strawberries: The fruits of strawberries contain in it around 59 mg per 100g ascorbic acid. This fruit also makes our heart 

and brain strong.  

11. Rose hips: These are small, sweet, and tangy fruits obtained from rose plants. Around 6 rose hips contain in it may provide 

119 mg of Vitamin C. 

12. Chilli peppers: Single green chili pepper comprises of around 109 mg of Vitamin C while single red chilli pepper contains 

65 mg of Vitamin C content. 

13. Sweet yellow pepper: Yellow pepper contains Vitamin C in it around 183 mg per 100 g fruit. It’s ascorbic acid content 

increases as fruit matures. 

14. Thyme: Thymes are one of the richest sources of vitamin C among culinary herbs. Fresh thymes have around thrice the 

vitamin C content compared to oranges.  

15. Parsley: The 2 tablespoons i.e. 8 g fresh parsley contains 10 mg of ascorbic acid. 

16. Kale: Kale comes under brassicaceae family. A cup of chopped raw kale gives us about 80 mg of ascorbic acid. Along with 

vitamin C, it also supplies vitamin K and carotenoid lutein as well as zeaxanthin. On the other hand, cooked kale supplies 53 

mg of ascorbic acid. 

17. Broccoli: Like kale, broccoli is also a member of brassicaceae family. It contains about 89 mg per 100 g of ascorbic acid. 

18. Brussels sprouts: Brussels sprouts contain 85 mg per 100 g of ascorbic acid which helps to enhance bone strength and 

function. 

Conclusion and Future Perspectives 

As Covid-19 has spread around the world, every day several preventive measures such as proper handwashing, good hygiene, 

and maintaining social distancing were followed to avoid contact with sick individuals. Besides, there is evidence that anti-

viral foods (rich in antioxidants) and other lifestyle measures could supercharge your immunity and safeguard you from an 

infectious disease like Covid-19 during this Corona virus outbreak. Although the clinical aspect of these measures is not yet 
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proven completely fully proofed, however, we have every reason to follow these as preventive measures to reduce the risk of 

susceptibility to bacteria, viruses, and other pathogens.  
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Introduction 

Vegetable crops are more frequently exposed to various abiotic stresses due to present climate changes. The majore abiotic 

stresses are drought, salinity and extreme temperature. It is estimated that these  abiotic stresses can lead to an average loss of 

>50% for most of the crop plants. Furthermore, world food production to be doubled every to meet the demands of growing  

population. For these reasons, mechanisms for plant abiotic stress responses and the development of stress tolerant plants has 

received much attention in recent years.  Crop plants can exposed to abiotic stresses during production, handling and storage. 

These can can weaken the defense mechanisms of plants and increased the susceptibility to pathogen infection. It is important 

to know the factors that causes various abiotic stresses that affect vegetable crops.  Studies on effects of abiotic stresses on post 

harvest life of the vegetables also play an equal importance. Furthermore, options for better management of abiotic stresses 

and resistant sources are available. In recent years, advances in genetics, molecular biology and biotechnology have improved 

our knowledge of crops to abiotic stresses. 

Abiotic Stresses that Influence the Vegetable Crop Loss 

The following abiotic stresses are can affect the post-harvest life of vegetable crops: 

1. Temperature Stress: Temperature is one of the basic aspects of life process, which increase within a limited range. When it 

raises beyond the optimal temperature, life processes gets disturbed. Similarly when the temperature goes below a threshold 

level, life processes are affected enough to cause injury and death. Optimum range of temperature for normal growth and 

development depends on plant and its growing conditions. When temperature goes beyond its optimum range, generates 

temperature stress. Temperature stress can be divided into: 

a. Heat stress  

b. Chilling stress  

c. Freezing stress. 

Heat Stress: It is defined as adverse effect of temperature higher than the optimum range, on plants growth and 

development. Heat stress would affect: 

a. Survival of cells 

b. Growth and development 

c. Physiological effects 

Heat stress resistance: It can be defined as ability of some plants to perform better than others when they are subjected 

to the same level of heat stress. Different mechanisms of heat stress resistance in plants are  

a. Heat avoidance  

b. Heat tolerance 

Genetic control of characteristics involved in heat tolerance in vegetable crops: Recurrent selection for yield under 

high temperature conformed that tuber yield was increased by 27% and 15% increases in tuberisation. In case of tomato 

number of fruit set had shown moderate heritability, Increase in number of flowers per plant was noticed under high 

temperature 
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Cold Stress: In many environments, plant growth and its productivity is limited by low temperatures.  When 

temperature remain above freezing, i.e. > 0℃, called as chilling, while temperatures below freezing i.e., < 0℃ is 

described as freezing injury. 

Chilling tolerance: It can be defined as ability of some plants to perform better under chilling stress than others. 

Chilling tolerance involves: 

a. Membrane lipid unsaturation  

b. Photosynthesis  sensitivity can reduced   

c. Improved fruit / seed set and pollen fertility 

Genetics of chilling tolerance of some crops: In case of tomato high heritability was observed for germination 

percentage grown at 10℃. High heritability was observed in germination percentage n case of cucumber under 17℃.  

 

Freezing Stress: It can be defined as when plants are subjected to sub-zero temperatures, biochemical activities gets 

arrested . freezing resistance is the ability to survive under freezing stress in a manner it has to enable subsequent 

regrowth when the temperature raises.  

Changes noticed in crop plants during freezing injury are: 

a. Intercellular ice formation takes place as it causes disruption of subcellular structures by ice crystals. 

b. Membrane disruptions  

Selection criteria for freezing resistance includes: 

i. Survival and regrowth after freezing exposure.  

ii. Hardiness of plant tissues which are subjected to controlled freezing can be assayed by conducting various 

laboratory tests  

iii. Assessment of several isolated crowns are subjected to freezing, thawed and their regrowth.  

iv. Osmoregulation mechanism 

2. Drought Stress:  

a. Drought may be defined as “ the inadequacy of water availability, including precipitation and soil moisture storage 

capacity, in quantity and distribution during the life cycle of a crop to restrict expression of its full genetic yield 

potential” (Sinha,1986).  Moisture stress is defined as lack of ability of plants to meet evapotranspirational demand.  

b. Drought resistance is the mechanism which causes minimum loss of yield in a drought environment. Drought 

resistance mechanisms includes  

c. Drought escape 

d. Dehydration avoidance 

e. Reduced transpiration 

f. Osmotic adjustment . 

g. Wax deposition. 

h. Dehydration tolerance 

Critcal stages of drought stress for different vegetable crops: 

Tomato   Early flowering and fruit set stage 

Brinjal    Flowering and fruiting stage 

Chilli  Flowering and fruit set 

Okra  Pod development stage 

Potato  Tuberisation stage 

Cole crops Head/ Curd formation stage 

Root crops Root enlargement stage 

Onion   Bulb formation stage 

Cucurbits  Flowering and fruit development stage 
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Wild relatives of crops possessing drought resistance: 

Tomato  L. cheesmanii, S. pinnelli, and S. chilense 

Brinjal   S. macrocabon and S. gilo 

3. Salinity Stress: An Excess accumulation of soluble salts in the root zone leading to deleterious effects on plant growth and 

development.  Such soils are divided into: 

a. Saline  

b. Alkaline soils 

Plants growing in saline conditions are subjected to following conditions. 

Water stress: plants develops a large soil- to leaf gradient of potentials, as they are unable to meet transpirational needs, 

leads to wilt and desiccate. 

Salt toxicity: affects the enzyme activity of glycolytic pathway, oxidative phosphorylation and ATP/ ADP ratio in the 

root tissue which reduces the energy supply. Salinity resistance includes resistance to water stress arises by salinity 

and resistance to salinity toxicity or toxic effects of salinity. 

Breeding approaches for salinity resistance includes:  

a. Use of resistance root stocks  

b.Selection  

c. Hybridization  

d. Interspecific hybridisation  

e. Molecular approaches  

4. Mineral Stress: When the performance of plants affected by an excess of minerals or deficiency of an essential nutrient in 

soil can be defined as mineral stress. Mineral stress occurs due to mineral deficiency and mineral toxicity. 

Conclusion 

Abiotic stresses such as drought, excessive watering, extreme temperatures, salinity and mineral toxicity impacts negatively to 

growth, development, yield and quality of vegetables both on farm and off the farm till distribution to the consumer. The 

management steps should be implemented from the field conditions untill it reaches to the consumer. While breeding is 

underway for many crops to develop stress resistance that will allow them to adapt to adverse climate change, but it is not 

clear that breeding for stress resistance in the field will also builds stress resistance characteristics to the harvested portion. The 

focus of effort should probably be on use of breeding or directed breeding to enhance stress tolerance in vegetables. Different 

types of postharvest handling like temperature modulation, use of growth regulators, antitranspirants, antioxidant etc. can 

increase tolerance and thereby extending shelf life of vegetables. Therefore, there is an urgent need to develop new vegetable 

varieties that are resilient to abiotic stresses to ensure food security and safety for many years to come. 
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Curry leaf is an important perennial tree vegetable cum spice crop of India. It is an under exploited crop.  The leaves are widely 

used in Indian cookery for flavouring food stuff. It is scientifically known as Murraya koenigi. It belongs to a family of Rutaceae 

with chromosome number 2n= 18. 

Originated in tarai tract of Uttar Pradesh. Two related species of Murraya koenigi are M. paniculata indigenous to Burma and M. 

Exotica an ornamental shrub indigenous to India, Ceylon and Burma. Curry leaf is cultivated on large scale in West Bengal, 

Assam, Deccan plateau, Western Ghats, TamilNadu, Karnataka and Kerala. In addition , it is a crop of every harvested.  It is 

cultivated in Coimbatore, salem and Trichirapalli districts of Tamil Nadu on a commercial scale. 

Importance and Use 

1. The leaves have slightly pungent, bitter and feebly acidic taste and they retain their flavour and other qualities even after 

drying.  

2. Curry leaf in used in many of the Indian Ayurvedic and unani prescriptions. 

3. Since the leaves are widely used for foods flavouring in curry preparation hence the name curry leaf.  Its leaves, roots and 

bark are credited with tonic, stomachic and carminative properties.  Leaves are reported to use piles and allay heat of body.  

The green leaves are said to be later raw for treatment of dysentery.  

4. External application of pulped bark and root is reported to relive eruptions and bites of poisonous animals.  

5. An infusion of toasted leaves is used to stop vomiting.  

6. The tribal people of India use its ground bark and they rub the bark on the bitten limp as a snake bite remedy.  

7. The powdered leaf is used to aid in healing of fresh cuts and decoction of the leaves is drunk for dropsy. 

8. Fresh leaves steam distilled under pressure yield a volatile oil (curry leaf oil) which is used   as a fixative heavy type of 

perfume.   

9. The dried curry leaf powder is a good spice powder for use in the food stuff preparation.  It is also being exported.  

10. Fresh leaves on a steam distillation under high pressure yield 2.6% volatile oil which is used as fixative for heavy type of 

soap and perfume . 

11. Leaf oil is deep yellow in colour with a strong spicy odour and pungent clove like taste. A volatile oil a crystalline glucoside 

‘Koenigia” from the leaves and ‘Murayam from the flowers are industrial products. 

Varieties 

1. DWD-1 (Suwasini):  It was evolved at UAS, Dharwad.  It is a 

clone of single plant root suckers.  The leaves are dark green 

(0.1629 mg of chlorophyll/ gram of fresh leaf) shiny and highly 

aromatic.  It is sensitive to low temperature in winter season and 

hence the bud burst is poor.  The leaves have and oil content of 

5.22% and can be dehydrated at 50oC without loss of quality and 

made into powder. 

2. DWD-2: It was evolved at UAS, Dharwad.  It is a seedling 

progeny of unknown source.  The leaves are slightly pale green 
(DWD-1) (DWD-2) 
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and less aromatic.  It is not very sensitive to low temperature and much superior in 

number of bud burst, inter nodal length and 8 times higher in growth of shoot than DWD-

1. 

3. Senakambu:  It is a Coimbatore local type and the leaves  have better aroma and flavour 

due to higher oil content. 

There are other two types of curry leaf: 

a. broad leaved  

b. small leaved types. 

The small leaved types are more fragrant and hence used for the extraction of essential oil. 

Soil and Climate 

It can be grown on maximum temperature up to 26-37oC.  When temperature falls down to 160C, the vegetative buds become 

dormant arresting the new growth of the plant. 

Curry leaf is grown in warm climate. Though it can be cultivated in wide variety of soil, red loamy soil with high organic 

matter is best suited for its cultivation. 

Propagation and Root Stock 

Curry leaf is propagated through seeds.   

Polyembryony has been reported in curry leaf and about 14% of the fruit contains two seeds per fruit and such seeds are 

separated by a thin papery seed coat.   

The seeds are to be sown in the raised nursery bed (one-meter breadth and any length) well prepared by mixing equal parts of 

sand, red soil and FYM.  Seeds can also be sown in PE bags filled with this mixture.  

Harvest well ripe fruits from the selected high yielding mother tree.  Normally fruits for seed are available July- August in 

Tamil Nadu. Each fruit contain 2-3 seeds. Seeds are to be extracted and sown immediately.  If it is nursery bed, sow the seed 

uniformly in lines of 10cm apart at a depth of 1 cm.  Two seeds can be sown in poly bags.  The seeds germinate in 3 weeks.  

Irrigate the nursery to maintain optimum moisture. The seedlings are ready for transplanting in one year. 

Crop Production 

plough the field 3-4 times to get fine tilth. Apply FYM 25t/ha.  Dig pits of 60cm3 at a spacing 3 meters rows and 1.5 meters 

between pits. One month before planting fill the pits with soil mixed with FYM. Well grown seedlings of 15-20 cm height are 

planted into each pit.   

Allow the plants to grow up to 1 meter and then cut the terminal bud to encourage basal branching. This will also facilitate to 

maintain the plant in a bushy shape so that the harvest will be easier. In total 5-6 branches can be maintained.  

In some areas curry leaf is pruned four times in a year and young shiny leaves are harvested. At each pruning, the bushes are 

manured and irrigated profusely. 

Weeding 

Keep the field clean by frequent weeding. Raise inter crops like cowpea, black gram, green gram etc. 

Nutrition: (kg / ha) 

 1 year 2nd year 3rd year onwards 

Nitrogen 50 150 300 

Phosphorous 25 37 50 

Potassium 25 37 50 
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Plant Protection 

Among the pests attacking, caterpillars of citrus but fruit fly are important. The larvae can be collected and destroyed. The 

branches affected by psyllid bugs and scales are to be removed then apply Dimethoate 1ml/l. The leaf eating caterpillars 

controlled by spraying carbendazin(lg/l). Spraying of sulphur is to avoided. 

Harvesting & Yield 

The leaves can be clipped from young shoots at the end of 1st year. A total number of 4 harvests can be had. The yield ranges 

from 5t/ha in 2nd year to 10t/ha in 4th year. From 4th year onwards the foliage yields around 20t/ha. 

Post-Harvest Management 

Young shoots & leaves are packed in gunny bags and transported.  The leaves are dried and ground into powder and used as 

curry powder. 
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The concept of Computer Aided Design (CAD) for landscape gardening is comparatively new. It can be defined as design and 

drafting of a landscape garden with the aid of computer. It can also be defined as use of information technology in garden 

designing. The core of the CAD system is software, which makes use of graphics for product representation. Computer aided 

designing is an important industrial art, extensively used in industry and landscape architecture designing and for many more 

purposes. For landscape designs, it represents a practical solution for the imperative needs of helping to visualise the future. 

Now-a-days, CAD is used to create 2D or 3D computer models. CAD assists the designer by: 

1. Providing accurately generated and easily modifiable graphical representations (rectangle, polygon, polyline, etc.). 

2. Performs complex designs in a short time. 

3.  Implementing finite elements. 

4. Record and recall information with consistency and speed. 

5. Whole design can be stored along with processing history of a certain model for future reuse and upgrade. 

History 

This technique was initiated in Massachusetts Institute of Technology (MIT), by Ivan Sutherland, when the first system the 

sketchpad was created within the SAGE (Semi-Automatic Ground Environment) research project. The automotive and 

aerospace industries were the first users and the forerunners of development of CAD technology. The first systems were very 

expensive, the computer graphics technology was not so advanced at that time and using the system required specialized 

hardware and software which was provided mainly by CAD vendors. AUTODESK was the first vendor to offer a PC based 

CAD system, the AUTOCAD (beginning of 1980). Today WINDOWS is the main operating system for CAD systems. The first 

applications were for only 2D modeling. Even today 2D-drafting is still the main area of application. Later (mid-1980s), 

following the progress in 3D modeling technology and the growth in the IT hardware, 3D modeling systems have become very 

popular. 

Objectives of the Technique 

Originally the technique was aimed at automating a number of tasks a designer is performing and particularly in modeling of 

gardens and infrastructure. Today CAD systems are covering most of the activities in the design cycle; they are helping in 

recording all product data. CAD systems can shorten the design time significantly. CAD systems enable the application of 

concurrent engineering and can have significant influence on final cost, functionality and quality of the model. CAD systems 

also have the ability to provide a digital prototype of the model at early stages of the design process, which can be used for 

testing and evaluation. Many people from various departments can share the design and express their opinion for the product 

at early stages in order to complete the design in less time and with the least mistakes. 

Components of CAD System 

There are two main components for CAD systems i.e., software and hardware. 

Hardware 

There are basically two types of devices that constitute CAD hardware, one is input devices and another are output devices. 

1. Input devices: In computing, an input device is a peripheral (piece of computer hardware equipment) used to provide data 

and control signals to an information processing system, such as a computer or information appliance. These are the devices 
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that are used for communicating with computer and providing our input in the form of text and graphics. The text input is 

mainly provided through keyboard. For graphic input, several devices are available and used according to the landscaping 

provision. 

a. Mouse: The mouse is a small device used to point to a particular place on the screen and select in order to perform 

one or more actions. It can be used to select menu commands, size windows, start programs, etc. Joystick and trackballs 

are analogous to a mouse device and operate on the same principle. 

b. Digitizers: Digitizers are used to trace a sketch or other 2D entities by moving a cursor over a flat surface (which 

contains the sketch). The position of the cursor provides a feedback to the computer connected with the device. There 

are electrical wires embedded in orthogonal directions that receive and pass signals between the device and the 

computer. The device is basically a free moving puck or pen shaped stylus, connected to a tablet. 

c. Light pens: Lockheed’s CADAM software utilizes this device to carry out the graphic input. It is a pen shaped device 

used to select objects on a display screen. It is quite like the mouse (in its functionality) but uses a light pen to move 

the pointer and select any object on the screen by pointing to the object. 

d. Touch sensitive screens: This device is embedded in the monitor screens, usually in the form of an overlay. The 

screen senses the physical contact of the user. It allows the user to operate/make selections by simply touching the 

display screen. 

e. Other graphic input devices: In addition to the devices described above, some CAD software will accept input via 

Image Scanner, which can copy a drawing or schematic with a camera and light beam assembly and convert it into a 

pictorial database. 

The devices just described are, in general, independent of the CAD package being used. All commercial CAD software 

packages contain the device drivers for the most commonly used input devices. The device drivers facilitate a smooth 

interaction between our input, the software and the computer. An input device is evaluated on the basis of the following factors. 

a. Resolution 

b. Accuracy 

c. Repeatability 

d. Linearity 

 

2. Output Devices: After creating a CAD model, a hard copy is often needed which can be obtained using an output device. 

Plotters and printer are used for this purpose. A plotter is often used to produce large size drawings and assemblies, whereas 

a laser jet printer is adequate to provide a 3D view of a model. Most CAD software requires a plotter for producing a shaded 

or a rendered view. 

However, such software is hard to support design, work and management required for gardening. Thus, a digital gardening 

system was developed to support people who want to enjoy gardening. In order to make a garden of unified beauty, three 

minimum items are required as follows. 

a. A plane view of the planning garden 

b. Knowledge about plants and vegetables for gardening. 

c. A 3D sketch helping to imagine the real garden. 

Although garden designers and planners make a plane plan utilizing accurate and quantitative description when carrying out 

a design, it is difficult for gardening beginners to make a satisfying plan view. Moreover, the beginners have to gather up 

special knowledge of flowers, vegetables and plants from a book, internet, etc. In addition, garden designers and planners try 

to realize a concrete image by drawing a sketch after a plane view is completed. For the beginners, however it is difficult to 

imagine the concrete image of the designed garden. 

Some of the CAD Software Used in Landscaping Are 

1.  Auto CAD 

2. ArchiCAD 
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3. Advance Concrete 

4. Advance Design 

5. Advanced Steel 

6. BRL CAD 

7. BricsCAD 

8.Tekla 

9. Revit 

10. LANDCADD, etc. 

Major Steps in Designing Outdoor Landscapes through CAD: The Five Steps of the Design Process Include 

1. Conducting a site inventory and analysis 

2. Determining needs 

3. Creating functional diagrams 

4. Developing conceptual design plans 

5. Drawing a final design plan 

The first three steps establish the aesthetic, functional, and horticultural requirements for the design. The last two steps then 

apply the requirements for the creation of the final landscape plan. 

Advantages of CAD in Designing Outdoor Landscapes 

1. Drawing errors can be corrected easily 

2. Drawings can be sent and received elsewhere quickly via e-tools 

3. Drawing can be zoomed, copied and pasted for more detailed sections 

4. Designs can be reused 

5. Can be stored in personal computer 

6. Work can be done throughout the night so as to produce product within a day 

7. Design can be analyzed and optimized virtually using finite element analysis 

8. Timescales and mistakes can be reduced significantly 

9. It provides a 3D sketch of the layout before its final implementation 

10. It provides rotation of images to view them from different perspectives 

11. Switch between 2D and 3D view is possible 

12. It can create and update the drawing s quickly and accurately 

13. It is a cost-effective alternative when compared to manual drafting on paper 

14. Other programmes can also be linked with CAD 

15. It reduces storage space 

Disadvantages of CAD in Designing Outdoor Landscapes 

1. It can be very expensive 

2. It can be hard to do and handling needs training 

3. Sharing of drawings via computer hacking is possible. 

Important Features of CAD 

1. Default unit of CAD is in inches. 

2. Files will be stored in dwg format in Auto CAD 

3. Application bar: It shows the name of the file we are working on. 

4. Menu bar: It shows different icons like home, insert, etc. meant for different operations. 

5. Ribbon bar: It has all the tools used in creating a design or model. 

6. Workspace: It is also known as drawing space or model space is the area where the designs are made. 
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7. Command bar5: It is the box at the bottom of the workspace where we type command for any options like area (A), length 

(L), dimensions (D), etc. 

8. Status bar: It shows the condition of the working space and of the modeling tools 

9. Blocks: Blocks are individual objects or groups of objects selected as one entity. They are either preformed or can be created 

by the designer. They are stored in the library from where they can be brought to the workspace E.g. tress, plants bench, 

fountain icons, etc. 

10. Plotting: in CAD, plotting is used for printing 

11. Layout: It gives the preview of final end product or model 

12. Hair cross: The curser in CAD is called hair cross 

13. Ortho: It is used to draw lines at 90 degrees. 
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Introduction 

A vertical garden also known as green wall or living wall is self-sufficient vertical garden attached to exterior or interior walls 

of a building. They differ from green facades (ivy walls) as green walls have growing media supported on the face of the wall, 

while green facades have soil only at the base of the wall and support climbing plants on the face of the wall to create the green, 

or vegetated, facade. The plants receive water and nutrients from within the vertical support instead of from the ground. 

Vertical garden was invented by Stanley Hart White who patented a green wall system in the late 1930s. In vertical gardens, 

various types of modular panels can be used along with geo-textile fabrics, growing media, irrigation systems, and plants. 

Living walls are particularly suitable for cities, as they allow good use of available vertical surface areas. The living wall could 

also function for urban agriculture, urban gardening, or for its beauty as art. Green walls may be indoors or outside, 

freestanding or attached to an existing wall, and come in a great variety of sizes. One of the gardening world's hottest trends, 

"vertical gardens" allows plants to grow on walls and other non-horizontal surfaces.. Through this type of gardening, small 

area can be converted into beautiful lively place, bare wall into an attractive green wall. Vertical gardens can be broadly 

categorized as follows. 

Benefits of Vertical Garden 

There are various benefits of vertical gardens or green wall. It can be sum up into 3 categories: 

1. Public benefits:  

Aesthetic Improvements: Green walls can reclaim disregarded space by providing aesthetic stimulation where it 

would not otherwise be found. They can also serve to create privacy and a sense of enclosure while limiting the 

negative psychological effects associated with property demarcation.  

a. Reduction of the Urban Heat Island Effect 

b. Improved Exterior Air Quality 

c. Local Job Creation 

2. Private benefits: Improved Energy Efficiency: Green walls can reduce the temperature fluctuations at a wall's surface from 

a range of 10-60ºC (50-140ºF) to one of 5-30ºC (41-86ºF), in turn limiting the movement of heat between building walls. They 

cause this reduction by:  

a. Trapping a layer of air within the plant mass.  

b. Reducing ambient temperature via evapotranspiration and shading.  

c. Creating a buffer against wind during winter months.  

Green walls can help lower the air temperature around intake valves, which means HVAC units will require less energy to 

cool air before being circulated around a building.  

a. Building Structure Protection 

b. Improved Indoor Air Quality  

c. Noise Reduction 

d. Marketing Potential 
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3. Design specific benefits: 

Increased Biodiversity: Green walls can help mitigate loss of biodiversity due to the effects of urbanization, help 

sustain a variety of plants, pollinators and invertebrates, and provide habitat and nesting places for various bird 

species.  

a. Improved Health and Well-Being 

b. Urban Agriculture 

c. Onsite Wastewater Treatment 

Other Benefits of Green Wall Includes 

1. Reducing internal room temperature by 5 to 10 degrees in summer by installing them from outside. 

2. Plants are away from soil- borne diseases. 

3. More plants with in limited space. 

4. Helps in saving water. 

5. Helps in hiding less attractive portions of landscape. 

6. Provides excellent air circulation for the plants. 

7. Can provide privacy and a disguise from unattractive views. 

Classification of Vertical Gardens / Green Walls 

1. Container/trellis system: Commonly known as Green façades, refer to vines and climbers that grow from the ground or 

from large containers at various locations around the building supported either by the wall itself or by a supporting 

trellis/mesh. The wall-climbing type is the very common and traditional green walls method. Although, it is a time-consuming 

process, climbing plants can cover the walls of building naturally. Sometimes, they are grown upwards with the help of a trellis 

or other supporting systems. 

2. Modular panel system: Commonly known as living wall, the panel system composed of pre planted panels, vertical modules 

that hold growing media to support plants that are fixed vertically to a structural wall or frame. 

 

 

           Green wall:                                                                       Green roof: 
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Plants Suitable for Vertical Garden 

Plant selection should be based on local climatic conditions. Plants should have compact growth habit which is likely to provide 

thick and dense cover. Plants with short growth habit should have shallow fibrous root system, long life cycle. Plants should 

be capable to cope with full sun or full shade according to the location. Most commonly used plants in vertical garden are 

1. Green Façades: Hedera helix, Parthenocissus spp, Hydrangea petiolaris, Polygonum bauldschianicum, Lonicera spp. Clematis spp. 

Aristolochia spp. Jasminum officinale, Passiflora caerulea, etc. 

2. Living Wall: Dracaena, Phalaenopsis spp, Asparagus sprengeri, Kalanchoe, Cordylinspp.Chlorophytum spp., Haworthia spp., 

Tradescantia sp, Fittonia spp, Nephrolepsis, Clematis, Gardenia spp., Asplenium nidus, Maranta spp., Cotoneaster, Euonymus fortune, 

Hedera, Hydrangea, Lonicera, Parthenocissus, Polygonum, Pyracantha, Selaginella, Wisteria, Rose, Petunia, Nasturtiums, Daisies, 

Bromeliads and even some vegetables like tomato, chillies, cucumber, peas lettuce, etc. 

3. Exterior Wall: Lavendula, Thymus, Rosmarinus or Salvia for full sunlight while Begonia, Arum, Davallia, Asplenium, and Fuchsia 

for shady locations. 

                                

 

Trellis and arbor:.                                                    Hanging baskets and window box: 
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4. Interior Wall: Philodendron, Epipremnum, Aeschynanthus, Columnea, Saintpaulia, Begonia or different ferns like Nephrolepis, 

Pterisandmany species of Peperomia. 

How to Start a Vertical Garden? 

1. Choose wall 

2. Build a frame 

3. Attach plastic sheet  

4. Attach a fabric 

5. Set up the irrigation system 

6. Add fertilizer injector and attach irrigation system to water source choose the plants 

7. Insert plants 
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N is the most limiting nutrient for crop production (Mosier et al., 2001). Because of its lower recovery percent (30-50%) farmers 

need to apply a huge amount of nitrogen fertilizers in crop production. With increasing the human population and increasing 

food demand to produce a huge amount of food, the external application of N (N fertilizers) is necessary as N is universally 

deficient in almost all the agricultural soil and cropping systems of the world. Though N contributes about 78% of the total 

volume of the atmosphere, crop can't able to utilize it directly because it is in elemental form unless n is transformed into plant 

usable forms (Barbieri et al., 2000). A significant amount of N is fixed by different leguminous plants and soil microorganisms 

and is provided to the plant for their growth and development but the targeted yield can not be achieved by biologically fixed 

nitrogen because the amount of N fixed from the atmosphere is not sufficient to satisfy the crop need. So, to fulfill the need of 

N to plant farmers have to apply it externally using chemical fertilizers. Due to faulty and excessive use of N as crop input can 

cause disrupts its transformation and natural movement by different methods resulting in an imbalance of ecosystem function 

and services. Sustainable agriculture production requires balanced, efficient, judicious, eco-friendly, and environmentally 

sound management practices. “Efficient N fertilizer management can simply be defined as reduced various losses and maximize the 

amount of nutrient made available for the crop" (Ladha and Reddy, 2003). 

Improved Practices for Improving N Use Efficiency 

Nitrogen recovery can be improved through 

the adoption of locally as well as 

scientifically available means of nitrogen 

management, which will enhance the 

beneficial use of N in crops and minimize its 

losses. Strategies used for nitrogen 

management of crops should be focused on 

two core principles (figure 1.). 

1. Site-Specific Nitrogen Management 

(SSNM): SSNM is a concept for N 

management strategies that include the 

quantitative understanding of field 

particular changeability in crop N 

prerequisite and projected soil N supplying 

power. The basic essential assumption of this 

theory is to create optimum management between supply and demand of N for plant growth (Giller et al., 2004). 

SSNM can be grouped into two categories based on when and what type of decisions are made, (A) prescriptive SSNM, (B) 

corrective SSNM. In the former approach of N management, the amount and its application time are analyzed before sowing 

Figure 1: Principles of nitrogen management in crops 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            931 | P a g e  
 

based on expected crop N requirement for assumed yield target, N supplying power of the soil, expected N efficiency of 

fertilizer products in use. In contrast to this, a corrective nitrogen management tactic involves the use of analytical tools to 

evaluate the nitrogen status of the standing crop. The analysis of these recorded data is helping as the source for decisions 

about the timing and quantity of N applications (Schroeder et al., 2000). 

2. Soil Plant Analysis Development (SPAD): Since most of the plant nitrogen is found in chloroplasts, the nitrogen status of 

crops can be estimated with the help of SPAD hence, it is closely associated with leaf chlorophyll content. To determine N 

status of crops the SPAD meter offers relative measurements of leaf chlorophyll content. SPAD meters can self-adjusting 

techniques for different varieties, seasons, and soils. It is also suggested to assess the efficiency of late applied N in standing 

crops to increase protein content and grain yield (Singh et al., 2012). The author reported that with the help of SPAD meter 

nitrogen management practices in rice, yield, REN, and net return to the tune of 7, 30, and 12% respectively can be increased 

in comparison to that of traditional methods adopted so far (Dobermann et al., 2004). 

Figure 2: Nitrogen management using nutrient expert 

Nutrient Expert Based N Management 

Nutrient expert is an emerging tool for the management of the nitrogen in the crop, especially in wheat, rice, and maize, 

wherein the inputs such as fertilizers, are applied in the right amount, at the right time and at the right places per the need of 

the plant (Pampolino et al., 2012). It ensures natural resources sustainability and improves the input use efficiency and economy 

of fertilizers. The steps involved in smart N management using nutrient experts have been depicted in figure 2. 

Leaf Color Chart 

LCC is a diagnostic tool that can help farmers for making appropriate decisions regarding the need for nitrogen fertilizer 

applications in standing crops. To optimize the nitrogen supply in rice-based cropping system LCC may act as an indicator 

diagnostic tool. The LCC is an economical and easy diagnostic tool for precise N management, especially in the rice-wheat 

cropping system. LCC measures the relative greenness of plant leaves which is directly correlated with the plant chlorophyll 
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content. In the plant, nitrogen is measured at various phenological stages because it is a principal component of leaf/plant 

(Yadav et al., 2017). 

Conclusion 

In modern crop production for getting higher yield proficient, N management is a must to earn higher profits, which can be 

only achieved by using the N fertilizers very efficiently and is only possible by using different nitrogen managing tools such 

as SSNM, LCC, and SPAD meter. Optimal rate along with the method of application and with the right time, higher NUE can 

be achieved. 
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Introduction 

The emerging of new challenges in term of how we interpret the impact of warming, how farming system adapt, and how near 

term emission mitigation requirement can take place in ways that are included with longer- term adaptation plans. Agriculture 

is essentially a manmade adjunct to natural ecosystems and is climate and weather development. Climate is constantly changes 

and the indicating single that changes are occurring can be evaluated over a range of spatial and temporal scales. The CO2 

concentration is about 413.43ppm in April 2019. But today these concentration is increase at 416.76ppm in April 19, 2020 

(NOAA). This concentration in changing occur in one year is 3.33ppm (0.81 %).The exposure to natural events with agriculture 

is at high risk relation to other sectors. The major source of emission of Green House Gas is also agriculture & interestingly, 

agriculture can also provided important solution to the problem. The climate changes of subject is also known to be complex 

& cross witting. The monsoon of India could be susceptible to the regional manifestation of global warming. The causing of 

influence the food grain production in the country due to variation in monsoon rainfall. In the general circulation of the climate 

of most dominant climate system is one of the Indian monsoon. The change in volcanism & solar radiation occur naturally and 

contribute to the total natural variability of the climate system its are some external causes.  

Issues of climate changes: In the issues of climate change include some science related information. 

The Change Observed in Global Climate 

The surface of Earth’s has warmed by 1.1 to 1.5 0 F since the Industrial Revolution (considered since 1880), with most warming 

happening since the 1970s. Over the past century precipitation has increased, although some regions have become drier while 

some have become wetter. These results are reliable with scientists’ understanding of how heightened greenhouse gas 

concentrations influence climate regionally. There are several activities occurs increases in ocean temperatures, extreme 

weather events, altered wind patterns, melting glaciers and sea ice, and timing of seasons. The Intergovernmental Panel on 

Climate Change (IPCC) in 2007 confirmed that “warming of the climate system is unequivocal observational evidence from all 

continents and many natural systems shows most oceans that are being affected by regional climate change. 

Cause of Observed Climate Changes 

In the Earth’s climate there is significant natural variability, more than a century ago scientists recognized that pollution from 

human activities could theoretically warm the Earth. In the Earth’s atmosphere Greenhouse gases (GHG) allow the Sun’s short 

wave-length radiation to bypass through to the Earth’s surface. When the radiation is absorbed by the Earth as a short wave – 

length and re-emitted as longer wave-length radiation, then GHG trap the heat in the atmosphere. It is called the “greenhouse 

effect.” The natural presence of GHG (especially carbon dioxide & water vapor) in the atmosphere warms the Earth to livable 

temperatures. In 20 century few study include that, at most, solar variability has contribute 10 to 40% of the observed change 

.Again  research would be required to quantify how some suggested influences, for ex., galactic cosmic rays, contribute to 

observed climate changes. Most of the scientists conclude that a greater part of the Earth’s warming since the 1970s is due to 
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GHG emissions from human activities, mainly use of clearing of land, fossil fuels and some industrial processes. Even as 

scientists agree that GHG in the atmosphere are to blame for trapping the Sun’s radiation and raising the Earth’s temperature  

to current levels but some scientists disagree that projected increases in GHG concentrations would raise temperatures 

important. 

Source of Green House Gas Emission, and Removal from the Atmosphere 

Further than water vapor (which is thought not to be directly influenced by humans), the superlative unstated greenhouse 

gases include:  

1. Carbon Dioxide (CO2) 

2. Methane (CH4) 

3. Nitrous Oxide (N2O) 

4. Certain fluorinated compounds, including chlorofluorocarbons (CFC), hydrofluorocarbons (HFC), hydro 

chlorofluorocarbons (HCFC), per chlorofluorocarbons. 

How Serious is the Issue of Climate Change? 

The Indian situation the emission of greenhouse gases on account of human developmental actions is responsible to cause 

global warming. However, how imminent is the predicament is not totally clear to people at large. Evidence of outcomes that 

are used by policy advocates are often subject to clear linkages & speculation with climate change are not necessarily borne 

out. It is also a stagger process in which become the adverse effects ‘immediate, evident and widespread enough to inspire 

universal action’ long after the dangerous level of emission is crossed (Hodder and Martin, 2009). In the Fourth Assessment 

report certain projections made of the IPCC have met with acceptable criticisms but maybe in the process some the faith put 

on such projections have been shaken. The ‘language of fear’ and Alarmism creates puzzlement between depicted disaster and 

the observable physical reality of today (Weber, Elke U., 2006) and contradictions in the scientific world abate the resolve 

publicized by the common man and the policy maker. There is a persuasive need for caution in treading the path. Threats such 

as civil unrest, poverty, war, HIV aids, unemployment, and other diseases and inequality that could eradicate people insist 

immediate attention. The generation of energy from development demands the benefits of which may be share by the poor. 

Even have faced the challenge of prioritizing between climate change and other exigencies in developed countries. India, a 

party to global negotiations portrays the friction between climate change & developed countries in is strongest form. In Indian 

citizen contrast at the per capita level emits only 0.25 tonnes of carbon per year against a figure of 5.5 tonnes attributed to the 

US citizen. India’s case was also secured by pointing out the proved fallibility of data on CH4 emission from India. It was 

argued that emission by poor who live on the margin of extinction should be measured a basic human right and should not be 

counted when ascribe responsibilities for emission (Aggarwal and Narain, 1991). The economy of growth carrying along vast 

sections of people at various income levels is awarded supreme importance in India’s policy. India’s National Action Plan in 

Climate Change (NAPC, Government of India, 2008) clearly states the overruling priority of maintaining high economic growth 

rates and identifies measures that encourage development objectives even as too yielding co-benefits for addressing climate 

change successfully. Under this Plan a national mission will have in the agenda the socioeconomic force of climate change. For 

addressing climate change effectively National Mission for a Green India and for Sustainable Agriculture, National Mission 

for sustaining the Himalayan ecosystem. Furthermore, India’s active participation in the mitigation process will also help in 

comprehensive information assembly on emissions and the efficacy of mitigation actions. The emission on grounds of poverty 

right to can also be replaced by another system where the right is legally sacred with a monetary value so that the reduced is 

salaried for not being capable to work out the right. Such compensations can be funded through the international resource 

pools public budget, and also through innovative financial mechanisms. Adjustment and mitigation both grip resources but 

climate change also offers India ways of raising the resources through climate services that were not available earlier. 

Climate Changes Adjust Through Conservation Agriculture 

The resource-conserving technologies (RCTs) comprise practices that enhance input-use efficiency or resource and provide 

immediate, identifiable and demonstrable economic benefits such as savings in water, fuel and labour requirements; reduction 
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in production costs; and timely establishment of crops improved, resulting in yields. Wheat yields in heat- and water-stressed 

environments can be raised up significantly by adopting RCTs, which reduction unfavorable environmental impacts, especially 

in medium-scale & small farms. The resource conserving technology like zero-tillage (ZT) can allow farmers to sow wheat 

sooner after rice harvest, thus the crop heads and fills the grain before the onset of premonsoon hot weather. As the average 

temperatures in the region increase, for wheat early sowing will become even more important. The Field of rice - wheat results 

exposed that the RCTs are progressively being adopted by farmers in the Indo-Gangetic Plains because of several advantages 

of water saving, labour saving, and early planting of wheat.  The RCTs also have pronounced effects on adaptation to climate 

change &mitigation of greenhouse gas emission in rice-wheat system (Pathak et al. 2011). These tactics of crop management 

should be coupled with the measures of crop improvement for extensive adaptation to climate change. Water & soil 

management is very critical for version to climate change. With changing precipitation patterns & higher temperatures water 

will further become a scarce resource. Serious challenges towards water harvesting improvement in irrigation accessibility, 

water conservation, and water-use efficiency will become essential for livelihood management and crop production. Farmers 

have to be motivated and trained for adopting on-farm water conservation techniques, micro-irrigation systems for better 

water-use efficiency, selection of appropriate crops, etc. Main beliefs of increasing water infiltration with improvement in soil 

aggregation, decreasing runoff with use of contours, vegetative hedges, ridges, etc. and decrease soil evaporation with use of 

crop residues mulch could be employed for enhanced management of soil-water. 

Conclusion 

In this concluded the adoption of CA to minimize the global warming. The adopt these practices good effect on soil physical 

condition like as, soil texture and structure, etc. &increase water holding capacity, soil microorganism population increase. The 

fallowed CA improve the good environment. 
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Summary of Article 

The worldwide pandemic due to COVID-19 has lead to a widespread lockdown in different countries, cutting its connection 

to the rest of the world, and India is no different. All the sectors in India have been struck in the same way, of which this paper 

tries to focus on the agriculture sector and that too particularly in the food availability segment. Whether India will be able to 

feed its 1.37 billion population during this current lockdown and manage to overcome the aftermaths of this problem. The 

paper has tried to cover the topics of food availability and requirement during 2019-20, possible production losses, and suggests 

measures for the post-COVID time in the future for the agricultural sector. 

Introduction 

The World Health Organisation declared COVID-19 as a global pandemic on 11th March 2020. To flatten the curve of confirmed 

cases of COVID-19 patients, the Indian government declared a 21-days complete lockdown in the entire country which has 

further been extended till 3rd May 2020. COVID-19 is not just affecting the organs of the human body but also the various 

aspects of human life. During these nationwide lockdowns, the normal day-to-day life and activities of humans have come to 

a halt and in a macro sense, the different yet interdependent sectors of the economy have also become a handicap. This situation 

has forced us to stop and ponder about the necessities of life, i.e. food, water, and a home. Food is considered as the foremost 

concern of any individual for survival. India has always been an agrarian economy and becoming self-sufficient in food-grain 

production has proved to be a milestone for our country. Agriculture is seen as an example of disguised unemployment, 

furthermore, >50 per cent of the population still depends directly/indirectly on agriculture and allied activities. Agriculture is 

a labor-intensive sector as the growth of mechanization/automation in this sector is of a primitive kind in India. We lack 

artificial intelligence in this sector, thereby, posing a hindrance to the harvesting, post-harvesting, and procurement of food-

grains, which is the need of the hour to ensure the uninterrupted supply of food-grains for consumption. The rabi crops have 

ripened and are ready to be harvested but we lack the means to harvest them. The operators of combined harvesters (which 

are used to mechanically harvest the wheat) do not want to cross the state borders, despite the allowance given to custom 

hiring services to carry out the harvesting procedure. In the majority of the Indian states where farmers still follow manual 

harvesting, are facing the problem of the labour shortage. Farmers sell their produce in the mandis right after the harvest, to 

the government agencies on the minimum support price (MSP) but most of the states have closed their mandis for now and it 

is expected that the procurement of wheat will also be delayed. The Indian Council of Agricultural Research (ICAR) has asked 

the farmers to delay their harvest period to 20th April, as the means to harvest and transport wheat to the mandis are 

unavailable during the outbreak of COVID-19.   

The delay in wheat harvest will lead to a decline in grain yield and grain quality. Since India lacks studies and surveys for  

answering the question that 'how much of the agricultural produce will be wasted due to delay in harvest' it was difficult to 

estimate the losses that are bound to occur. It has been reported that any delay in the harvesting of mustard crops leads to 

opening up of the ripened pods and causing the seeds to fall on the ground but that is not the case with wheat or other rabi 

crops. The arhar crop has a very low harvesting index of 19 per cent, can it be ensured that the delay in harvest will not cause 

any deterioration in the quantity and quality of the produce. However, there are some studies conducted in other countries, 

which have concluded that the delay in harvest can lead to a significant decline in the final product. Lindsey (2016-17) reported 

that when the wheat harvest was delayed for 9 days in Clark County, the yield declined by 9 bushels/acre, and an economic 

loss of $87/acre was realized. Burnett and Bakke (1930) conducted a study on the effect of delayed harvest upon grain yield 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            937 | P a g e  
 

and found that premature harvesting cuts off the translocation process and reduces the quality and yield. Zavitz (1927) 

conducted experiments on harvesting winter wheat at different stages of ripening i.e. usual stage and at weekly intervals of 

two weeks, before and after in Ontario. The fourth and fifth stages were deemed as full ripe and dead ripe, he concluded that 

the largest yield is obtained when the harvest is delayed until the grain becomes fully ripe.   

For Indian conditions, wastage of grains during pre- and post-harvest periods has been assessed for different states. Since the 

1950s, a general netting of 12.5 per cent of the total production has been defined as food-grains lost, which are accounted for 

seed, feed, and wastage. A pilot study of IASRI (2016) has revealed that the total post-harvest loss is up to the tune of 8.005%, 

out of which 3.148 is due to seed, 3.399 is due to feed and 1.459 is the share of wastage. In the case of wheat production, pests 

and diseases were considered as the major pest by >90 per cent of the respondents. The yield loss over the actual production 

and normal production was realized up to the extent of 16.1-21.9 and 13.9- 18.0 per cent, respectively, across different farm size 

categories (Kannan, 2014). 

Table 1: Second advance estimate of food grain production in India 2019-20 

2019-20 Million tonnes 

Foodgrains Total 291.95 

Rice 117.47 

Wheat 106.21 

Nutri/Coarse Cereals 45.24 

Maize 28.08 

Pulses 23.02 

Tur 3.69 

Gram 11.22 

Oilseeds Total 34.19 

Soybean 13.63 

Groundnut 8.24 

Rapeseed and Mustard 9.11 

Cotton 34.89 

Jute and Mesta 9.81 

Sugarcane 353.85 

Source: PTI dated 18/02/2020 

As of 29th February 2020, the total food-grain stock of FCI stood at 584.97 lakh tons, comprising of 309.76 lakh tons of rice and 

275.21 lakh tons of wheat, which is sufficient to sustain the Indian population for another 9 months, as claimed by the experts. 

The new batch of agricultural produce harvested during April 2020 will further add to the stocks of FCI and is expected to 

further feed India for another 4 months. The central government has declared to provide 5kgs of additional food grains to the 

all the 80 crore beneficiaries of Pradhan Mantri Garib Kalyan Yojana (PMGKY) for three months over and above their entitled 

monthly rations, which is to be provided by the FCI. From the Report of Food and Nutritional Security Analysis of India (2019), 

the availability and requirement of food grains in India were tabulated and analyzed from 2000-01 to 2017-18 i.e. for 17 years 

and the following regression estimates were obtained (Table 2). According to this, the production and requirement of food 

grains during 2019-20 would be 265.96 and 214.12 million tonnes, respectively. Certainly, in reality, we have surpassed the total 

production that was estimated for 2019-20 but we are oblivious to the extent of production losses that India has yet to face 

subject to the present situation of lockdown. 

Table 2: Regression estimates for production and requirement of food grains in India from 2000-01 to 2017-18 

Particulars Production Requirement 

Intercept 174.27***  
(5.6203) 

163.82*** 
(1.2636) 

X1 (Time) 4.83*** 
(0.5485) 

2.65*** 
(0.1233) 

Adjusted R2 0.83 0.96 

No. of Observations 17 17 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            938 | P a g e  
 

Note: *** indicates significance at p <0.01 and figures in the parentheses indicate standard error 

As of 19th April 2020, 63-67 per cent of wheat sown in the country has been harvested with minimal to no disruption and it is 

expected that the figure would increase to 100 per cent. In the major wheat-producing states of India, the harvesting has been 

completed to the extent of 90-95 per cent in Madhya Pradesh, 80-85 per cent in Rajasthan, 60-65 per cent in Uttar Pradesh, 30-

35 per cent in Haryana and 10-15 per cent in Punjab. It is expected that by the end of April harvesting would be completed in 

these states. To facilitate the harvesting procedure, states of Punjab and Haryana have deployed 18000 and 5000 combines, 

respectively (PIB). During the current situation of this nation-wide lockdown, machines have come to the rescue for mankind, 

which further raises a question that shouldn’t mechanization in agriculture be promoted? 

Conclusion 

The ICAR has issued specific guidelines for different states for carrying out agricultural activities while maintaining social 

distancing and following all the safety measures against COVID-19. Since, there is uncertainty looming over the extent of food 

loss that will be faced by India, because we lack studies and reports regarding this particular problem. Both the central and the 

state governments should take notes about how different sectors especially agriculture that is struck by this unforeseen problem 

and solutions to further strengthen them through public funding. Agriculture in particular needs to be strengthened by 

increasing the funding of R&D, as outlined earlier, India lacks studies on the extent of production losses subject to delayed 

harvesting for different crops. The studies that have been discussed previously are from the foreign countries which indicate 

that some losses will be there and quantification of which is required. Now that every state has become an island on its own, 

restricting the movement of goods on its own, the state governments should emphasize on carrying out state-funded consumer-

demand studies to find out the demand and requirements of essential food items (food grains, pulses, milk, vegetables, 

oilseeds) and compare it to the current production trends of the state. The state should strive to attain at least 50 per cent self-

sufficiency for the essential food items.  

Post- COVID, consumer's trust in the food items will be one of the major driving factors for consumer demand and producer's 

supply. People would emphasize more on what they are consuming, where was it grown, etc. People would change their 

fooding habits and would want to shift on locally grown foods for which better supply chains should be formulated to keep 

the trust of consumers intact in these food products. 
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Introduction 

The term Hormone is derived from the Greek word “Hormoa” which means ‘to stimulate’. The term hormone was first proposed 
by Hardy (Bayliss, 1924) and Thimann (1948) suggested using the term ‘Phytohormone’ for hormones of the plant. 
Phytohormones are organic substances produced naturally by the plants which in a minute or low concentration; either 
increase or decrease and Modify the growth and development of plants. Phytohormones are an organic compound synthesized 
in one part of the plant and translocated to another part, wherein very low concentrations it causes a physiological response. 
The plant hormones are also known as “Phytohormones”. Plant Hormones are natural and synthetic in nature. They play an 
important role in the growth of the plant (Hazra and Som, 2006). The site of synthesis is different from the site of action. 

Plant Growth Regulators (PGR’s) refer to natural or synthetic substances that influence the growth and development of crops. 
All plant hormones are Plant Growth Regulators but all PGRs are not Plant Hormones. Plant growth regulators (PGR) may 
be defined as any organic compounds, which are active at low concentrations in promoting, inhibiting or modifying growth 
and development (physiological processes). Plant growth regulators also called bio-stimulants or bio-inhibitors. The naturally 
occurring growth substances are commonly known as plant hormones, while the synthetic ones are called growth regulators. 
These hormones are small molecules derived from different essential metabolic pathways. Plant growth regulators have been 
a prime component in horticultural production even prior to the identification of plant hormone. Plant growth regulators 
generally used for the production of high-value horticulture crops. These regulators increase cop yield directly by increasing 
the total biological yield or the harvest index. PGRs are the best way for efficient crop management. In modern concept, plant 
growth regulators are used in sex modification in vegetable crops. There are five classical types of plant growth regulators such 
as auxins, gibberellins, cytokinins, abscisic acid, ethylene and the growing number of non-traditional PGRs such as 
oligosaccharins and brassinosteroids. They increase crop yield and offers some important speculation on future directions. 
Plant growth regulators such a new generation of agrichemicals which added in small amounts, modify the growth of plants 
thereby the yield is enhanced.  
“An organic substance other than nutrients, which in small amount promotes/inhibit or otherwise modify any physiological response in 

plants”. 

Plant Hormones Vs Plant Growth Regulators 

 Plant Hormones Plant Growth Regulators 

Definition Chemicals produced naturally by plants. Chemicals either produced naturally by the plants or 
synthesized artificially by humans. 

Synthesis Synthesized as a result of plant metabolic 
processes  

Formulated by humans  

Origin These are Endogenous  These are Exogenous  

Effect These are long-lived chemicals. Hence, the 
effect is long-lasting  

These are short-lived chemicals. Hence, the effects are 
temporary and reapplication is required.  

Examples Auxin, Gibberellin, Cytokinin, Ethylene 
and Abscisic Acid  

NAA, IBA, Ethephon, etc  

Commercial Application of Plant Growth Regulators 

1. Sex modification in cucurbits: Most of the cucurbits are monoecious in nature and bears male and female flower separately 

in the same plant. The treatment with growth regulators has been found to change sex expression in cucurbits, okra and pepper. 

The fruit set and yield of the crop depend upon the number of female flowers. Both plant growth regulators and nutrients at 

proper concentration modify sex. There, are several plant growth regulators available for sex modification in cucurbits for eg. 

AgNO3, GA3, IAA, NAA.  
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2. Fruit Set: Plant growth regulators have been reported to enhance fruit set in vegetables under both normal and adverse 

climatic conditions and they have been found useful for vegetable growers. 

3. Induction of flowering: 

a. For induction of staminate (male) flowers: Apply AgNO3 (600mg/liter of water) before the opening of the flower 

with a single application and also apply GA3 (1000ppm) at 2 leaf stage. 

b. For induction of pistillate (female) flowers: Apply IAA (100ppm) and NAA (100ppm) at 2-4 leaf stage in cucurbits, 

they have been found to increase the number of female flowers. 

4. Inhibition of sprouting: Sprouting is a major problem that comes in potato and onion during storage. Plant growth 

regulators have been found to suppress sprouting in potato and onion during storage. For example, some PGRs act as sprout 

suppressant viz, MH@2500 ppm, IAA@250-1000ppm and thiourea@1% breaking the potato tuber dormancy. 

5. Parthenocarpy: Plant growth regulators have been found to increase fruit size of vegetables with their application. 

Application of PCPA 50-100ppm induced Parthenocarpy in tomato and brinjal. 

6. Fruit Ripening: Ethylene releasing compound (Ethephone) has been reported to induce ripening in pepper and tomato. Post-

harvest treatment with ethephone at 500-2000mg/l has been reported to induce ripening in green tomatoes. 

7. Seed germination: Plant growth regulator (GA) improves seed germination in some vegetables like okra, tomato and sugar 

beet. Pre-soaking of seed with GA increases the seed germination. In tomato, it is reported that higher seed germination found 

in dipping with GA3@0.5mg/l, and 2, 4-D@ 0.5mg/l. In okra IAA, NAA@20ppm enhances seed germination. 

8. Delayed Maturity: Delays in the ripening of vegetables are very much required for distance market and transportation. To 

extending the storage life of vegetables dips the vegetables in 2, 4-D, 2, 4- 5- T or MH- 40. 

9. Prevent pre-harvest drop of fruits: In many vegetables, flower and fruit drop is a major problem. Application of NAA  

10-50ppm preventing the formation of the abscission layer which reduces the flower and fruit drop in vegetables like chilli and 

tomato. 

10. Fruit yield: Plant growth regulators like GA, CIPA, NOA and thiourea have been reported for enhancing fruit yield. Soaking 

of tomato seeds in GA@5-20mg/l and in CIPA@10-20mg/l improve fruit yield in tomato. In brinjal foliar spray of 2, 4-D@4ppm 

gave the highest yield of brinjal. 

Practical Applications of Plant Growth Regulators in Vegetables 

S.No. Crop Plant Growth Regulators 

 
1 

Okra Seed Germination- NOA (Napthoxyacetic acid) 25-100ppm, IAA @ 10-15ppm as seed 
treatment or foliar spray.  
Flowering and fruit set- foliar spray of cycocel@250-500ppm improve flowering and fruit 
set in okra.  

2 Tomato  
 

Seed Germination- Dipping of seed in GA@40-100ppm, IAA @10-15ppm as seed 
treatment.  
Flower drop- Preventing flower drop give foliar spray NAA@10-20ppm.  
Earliness and fruit ripening- Application of ethephon@1000ppm before harvest. 

3 Chilli 
 

Flower Drop-Foliar spray of NAA@10-20ppm is applied.  
Fruit set and fruit ripening – CEPA (Ethephon)@1000ppm should be given as pre-harvest 
application. 

4 Cucurbits Flowering and sex expression-MH (Maleic hydrazide) @50-150ppm, cycocel 250-500ppm 
and 2, 3, 5-tri –iodobenzoic acid improve flowering sex expression. 

5 Potato  For breaking tuber dormancy 1%thiourea and 1ppm GA3 solution is used for 1 hour. 
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Methods of Application of PGRs 

1. Spraying method 

2. Injection of solution into internal tissues 

3. Root feeding method 

4. Application of powder mixtures to the bases of cuttings 

5. Dipping of the cutting in PGR solution 

6. Soaking in dilute aqueous solution 

Precaution in Growth Regulator Application 

1. Plant growth regulators should be applied at an appropriate stage of the plant.  

2. The spray of plant growth regulators should be uniform and wet both surfaces of leaves.  

3. Avoid spray of plant growth substances in windy hours. 

4. Growth substance spray should be sprayed in evening hours.  

5. For preparing solutions always use distilled water. 

6. Wash machine and pump after each spray.  

7. Chemicals should be completely dissolved before application.  

8. Use chemicals should be at the recommended concentration. 

Constraints in the Use of Plant Growth Regulator 

1. Inadequate market potential of chemicals.  

2. Difficulty in the identification of the proper stage of crop ate which growth regulators should be applied. 

3. Plant growth regulators are very much costly. 

4. Minimum support from agricultural researchers from both the public and private sectors. 

5. Inadequate knowledge toxicity and mechanism of action. 

Conclusion 

A plant growth substance has a quicker impact on the yield of the crop. Plant growth regulators have the maximum potential 

for improving quality and increase yield, modification of sex, increase shelf life of vegetables, fruit ripening, improve the 

maturity of fruit which directly enhances productivity and food safety of Indian agriculture. Growth regulators must be 

toxicologically and environmentally sounding. Plant growth regulators have multiple functions they act synergistically or 

antagonistically to promote their specific responses. The use of growth regulators in vegetables must be specific in their action 

and environmentally safe for all. Plant growth regulators are generally less time consuming for the betterment of plants and 

they have immense potential to give a quick response on crop improvement programmes. To better meet the requirements of 

food supply more research is needed to develop a more economical and technically sound production system of growth 

regulators. Now a day’s more specific and latest research is needed to develop a simple and eco-friendly production system of 

plant growth regulators. 
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Introduction 

A bean is the seed of one of several genera of the flowering plant family Fabaceae, which are used as vegetables for human or 

animal food. Beans are high in protein, complex carbohydrates and iron. Beans also have significant amounts of fiber and 

soluble fiber, with one cup of cooked beans providing between nine and 13 grams of fiber. 

Bean Yellow Mosaic Virus 

Bean yellow mosaic virus is a plant pathogenic virus in the genus Potyvirus and the virus family Potyviridae. Potyvirus genus, 

it is a monopartite strand of positive-sense, single-stranded RNA surrounded by a capsid made for a single viral encoded 

protein. The virus is a filamentous particle that measures about 750 nm in length. This virus is known to infect many other 

legumes in the Fabaceae family including green beans (Phaseolus vulgaris), peanuts (Arachis hypogaea), soybeans (Glycine max) 

and Faba beans (Vicia faba). It also is known to infect several non-leguminous plants including Gladiolus sp., opium poppy 

(Papaver somniferum) and Canna spp. 

Insect Vector for Plant Viruses 

Most plant viruses depend in insect vectors for their survival, transmission and spread. Specific virus-insect vectors interactions 

have evolved, in a mutualistic symbiosis at the detriment of the plant. The principal families of insect vectors which cause the 

most damage to agricultural crops through the spread of plant virus 

are in the order Hemiptera, and include the aphids, leafhoppers, 

delphacid plant hoppers and whiteflies. 

The transmission of plant viruses through insects can be; 

1. Non-circulative (NC): The virus binds the stylet during feeding and 

is released when the insect secrets saliva on a new feeding place.  

2. Circulative, non-propagative: The virus circulates up through the 

food canal and cross the midgut and hindgut reaching the hemocoel. 

Then virus particles cross accessory salivary glands and return to the 

plant via the saliva canal.  

3. Circulative, propagative: The virus circulates in the host as 

described above, but actually infects insect cells and replicates in the 

vector. 

Bean Yellow Mosaic Virus – Vector 

This virus is transmitted by species of aphids and by mechanical inoculation.  

The two broad categories of aphid transmission are: 

1.Non-persistent  

2. Persistent or circulative. 

These terms relate to the length of time an aphid takes to acquire and then transmit a virus, and the length of time the aphid 

remains capable of transmitting the virus. 
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Symptoms of the Bean Mosaic Virus 

The symptom of bean yellow mosaic is the bright yellow to green mosaic or mottle appearance of infected leaves, which 

becomes most apparent on leaves as they age. Infected leaves also show varying degrees of leaf distortion, downward cupping, 

and wrinkling. Plants infected at a young age may show stunted growth. The striking yellow mosaic symptoms differentiate 

bean yellow mosaic infections from those of bean common mosaic, which causes light and dark green mosaic patterns of 

infected leaves. 

Symptom: Bean yellow mosaic virus 

Management 

Management of these diseases involves the reduction of virus source and its spread. The virus is seed-borne, virus-free seed 

should be used, and seed tests are available. Management that encourages early canopy closure, such as early sowing, high 

sowing rates, and narrow row spacing, is beneficial because plants then shade out weak virus-infected plants and discourage 

aphid landing. This reduces the chance of the infection spreading. 

Conclusion 

Mosaic viruses are mostly spread by insects, especially aphids. Aphid control is vital to control of bean mosaic virus. Check 

the underside of the leaves for aphids and, if found, treat immediately with an insecticidal soap or neem oil. 
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Introduction 

Nowadays, advances and applications of research in biochemistry and genetic play an important role in the field of health 

sciences. This has become necessary a molecular approach of the disease for a better interpretation of processes and as horizon 

in the development of new diagnostic and therapeutic strategies.   Therefore, techniques in molecular biology have modified 

diagnosis, prevention and control of diseases in living beings. Molecular technology has become a crucial tool for identifying 

new genes with importance in medicine, agriculture, animal production and health, environment and the industry related to 

these areas. Among the applications of molecular techniques is important to highlight the use of the Polymerase Chain Reaction 

(PCR) in the identification and characterization of viral, bacterial, parasitic and fungal agents. 

Polymerase Chain Reaction (PCR) 

This technique was developed by Kary Mullis in 1983 and since then it has been considered as an essential tool in molecular 

biology which allows amplification of nucleic acid sequence (DNA and RNA) through repetitive cycles in vitro. Each cycle had 

three temperature patterns carried out by a thermocycler. The first pattern of temperature is 94 °C (denaturation), the second 

one is 45 - 55 °C (alignment of the specific primers) and the third one is 72 °C (final extension).   The amplification of specific 

nucleic acid sequences, even in the presence of millions of other DNA molecules, is achieved by thermostable DNA polymerase 

enzyme (as the name of this technique suggests “polymerase chain reaction” and specific primers. Primers are short sequences 

of DNA or RNA (oligonucleotides) that initiate DNA synthesis. These are complementary to the template strand of DNA. The 

total duration of PCR reaction is around two hours; this depends on the specific conditions of the reaction. 

This technique offers sensitivity because from small amounts of genetic material can be detected target sequences in a sample. 

Also, this offers specificity due to a specific sequence of DNA is amplified through strict conditions. It is considered a fast 

technique compared with other methods to detect microorganisms such as bacteria, fungus or virus, which require isolation 

and culture using culture media or cell lines. Finally, we can mention that offers versatility due to the genetic sequences from 

various microorganisms can be identified with the same reaction conditions for diagnosis of different pathologies. 

Requirements of PCR 

1. Template DNA 

2. Four deoxyribonucleotides (dNTPs: dATP, dTTP, dGTP and dCTP)- base material to make the new strand from template 

DNA. 

3. Two primers or oligonucleotides 

4. Mg2+ which joins to nucleotides to be recognized by the polymerase enzyme 

5. Thermostable DNA polymerase enzyme. Synthesized product in each cycle can serve as a template in the next issue of copies 

of DNA, creating a chain reaction that can amplify a specific fragment of DNA. 

Steps in PCR 

1. Initialization step 

2. Denaturation step 

3. Annealing step 

4. Extension/Elongation 
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5. Final Elongaion 

6. Final hold 

Denaturation 

1. Double strand melts open to single stranded DNA; all enzymatic reactions stop.  

2. Double stranded template DNA is denatured by an incubation at high temperature range of 92-94°C for 30- 60 seconds.  

3. The two strands dissociated will remain free in solution until the temperature is lowered sufficiently to allow annealing, 

enzymatic reactions stop. 

Annealing 

1. Annealing of synthetic oligonucleotides to sites flanking the region to be amplified. 

2. It is carried out at temperature range of 36 to 65°C for 30-60 seconds  

3. The primers are jiggling around, caused by the Brownian motion.  

4. Ionic bonds are constantly formed and broken between the single stranded primer and the single stranded template.  

5. The more stable bonds last a little bit longer (primers that fit exactly) and on that little piece of double stranded DNA 

(template and primer), the polymerase can attach and starts copying the template. 

Extension / Elongation 

1. The temperature at this step depends on the DNA polymerase used, and commonly it is done at a temperature range of 70-

72°C for 1-2 minutes. 

2. At this step the DNA polymerase synthesizes a new DNA strand complementary to the DNA template strand by adding 

dNTPs that are complementary to the template in 5' to 3' direction, condensing the 5'-phosphate group of the dNTPs with the 

3'-hydroxyl group at the end of the nascent (extending) DNA strand.  

3. Extension time depends both on the DNA polymerase used and on the length of the DNA fragment to be amplified. 

4. At its optimum temperature, the DNA polymerase will polymerize a thousand bases per minute. 

Final Elongation 

This single step is occasionally performed at a temperature of 70–74 °C for 5–15 minutes after the last PCR cycle to ensure that 

any remaining single-stranded DNA is fully extended. 

Final Hold 

This is final step in PCR after completing all steps product will kept under 4°C. 

Types of PCR 

In recent years, modifications or variants have been developed from the basic PCR method to improve performance and 

specificity, and to achieve the amplification of other molecules of interest in research as RNA. 

1. Multiplex PCR which simultaneously amplified several DNA sequences (usually exonic sequences). 

2. Nested PCR increases the specificity of the amplified product for a second PCR with new primers that hybridize within the 

amplified fragment in the first PCR. 

3. Semiquantitative PCR which allows an approximation to the relative amount of nucleic acids present in a sample. 

4. RT-PCR which generates amplification of RNA by synthesis of cDNA (DNA complementary to RNA) that is then amplified 

by PCR. 

5. Real time PCR which performs absolute or relative quantification of nucleic acid copies obtained by PCR. 

Applications of PCR 

Among molecular techniques, PCR and its different variations are highlighted as the most commonly used in laboratories and 

research institutes. Thus, these have contributed to identification and characterization of several organisms and understanding 
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of physiopathology of diverse diseases in human, animal and plant. Also, these have provided clues for future research 

directions in specific topics with impact in public health such as genetics and biochemistry of antimicrobial resistance. 

1. Amplification of small amounts of DNA for further analysis by DNA fingerprinting. 

2. The analysis of ancient DNA from fossils. 

3. Mapping the human (and other species) genome. 

4. The isolation of a particular gene of interest from a tissue sample 

5. Production of DNA for sequencing: Target DNA in clone is amplified using appropriate primers and then its sequence 

determined. Helpful in conditions where amount of DNA is small. 

6. Analysis of mutations: Deletions and insertions in a gene can be detected by differences in size of amplified product. 

7. Detection of microorganisms: Especially of organisms and viruses that are difficult to culture or take long time to culture or 

dangerous to culture. 

8. Detection of microbial genes responsible for some aspect of pathogenesis or antibiotic resistance. 

Conclusion 

In conclusion, the development of molecular biology techniques such as PCR and its variants has led to advances in medicine, 

agriculture, animal science, forensic science and environment, among others; transforming the society and economy, and 

influencing the quality of life of people and the development of science and countries. 
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Introduction 

Geoinformatics has been described as "the science and technology dealing with the structure and character of spatial 

information, its capture, its classification and qualification, its storage, processing, portrayal and dissemination, including the 

infrastructure necessary to secure optimal use of this information" or "the art, science or technology dealing with the 

acquisition, storage, processing production, presentation and dissemination of geoinformation". Geoinformatics, which 

includes Remote Sensing, Global Positioning Systems and Geographic Information System, provides the most powerful 

technology for mapping, monitoring, and risk assessment. 

Remote Sensing 

Remote sensing and GIS are the science of deriving information about an object or phenomena through analysis of data 

acquired by a device that is not in contact with the object or phenomena under investigation. 

Principle of Remote Sensing 

Every object reflects/scatters a portion of electromagnetic energy incident on it depending on its physical properties. In 

addition, objects emit radiation depending on their temperature and emissivity.  The reflectance/ emittance of any object at 

different wavelengths follow a pattern which is characteristic of that object, known as spectral signature. Proper interpretation 

of the spectral signature leads to identification of the object. 

Monitoring the Crop Condition with Remote Sensing 

Remote sensing provides ideal data for making crop inventory and crop conditions (Chandra and Ghosh, 2006).Typical spectral 

reflectance of a crop shows absorption due to pigments in the visible region (0.4 to 0.7 mm), high reflectance in the near infrared 

region because of internal cellular structure of the leaves, and absorption at 1.45, 1.95 and 2.6 mm spectral bands due to water 

content. Spectral response of a crop canopy is influenced by leaf-area index (LAI) and per cent ground cover, growth stages, 

differences in cultural practices, canopy architecture, stress conditions and pest and disease damages. If there are two crops 

with similar spectral signatures on a given data (confusion crops), multi temporal data may be used to discriminate them. 

Vigour of the crop is responsible for high absorption in the red and reflectance in the near infrared. It has been shown that the 

ratio of near infrared to red radiance is a good indicator of the vigour of the crop. Some of these properties are utilized in crop 

identification, yield forecasting, pest and disease damage and crop condition assessment. 

Vegetation Index (NDVI) 

Vegetation Indices are empiric formulae which often relate to vegetation biomass and conditions. 

The most commonly used vegetation index is the Normalized Difference Vegetation Index (NDVI): NDVI = (NIR-RED) / 

(NIR+RED). The higher the NDVI value, the denser or healthier the green vegetation is. 

Remote Sensing of Insect Movements - Radars 

Radars transmit from their antennas a narrow, conical beam of short (typically 0.1 to 0.05 us) pulses of electromagnetic waves.  

Any object illuminated by a pulse reflects or scatters some of the pulse energy and a part of the scattered energy (the echo) is 

returned in the direction of the radar. This is detected and amplified and the presence of the target is displayed in a special 

device: 
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1. Detecting moth movements with radars: Radar observations of Spodoptera exempta, showed that this species is an obligate 

wind-borne migrant (Pedgley et al. 1982). Joyce (1983) with his radar observations - only a small fraction (<10%) of H. armigera 

moths in flight climbed beyond their boundary layer.  Northerly movements of corn earworm moths, H. zea and tobacco 

budworm moths, H. virescens from Mexico to the United States. Wolf et al. (1986). 

2. Migration of Grasshoppers, locusts and other insects: Riley and Reynolds (1979) studied the migration of grasshoppers in 

the Niger flood plain in West Africa and in the Sahel.  In both cases evidence was found for flights over 100 km per night.   

Hendrie et al. (1986) using a very powerful 10 cm radar, have detected concentrations of airborne aphids upto 1200 m above 

ground.  Downing and Frost (1972) used 1.87 cm radar to detect low-altitude mosquito swarms. Loper et al.  (1987) observed 

Apis mellifera drone congregations at an altitude of 15 m.  

Spectral Signature to Differentiate Insect Infested Crops 

Zhou et al. (2010) found that it is possible to detect the stress caused by the BPH in rice using remote sensing. 1813-1836 nm 

may be most sensitive to BPHs infestation at canopy measurement level.  Yang et al. (2009) found that it is possible to detect 

the stress caused by the two aphid species and to discriminate between the two aphid-induced stresses in wheat using remote 

sensing. Ratio-based vegetation indices (based on 800/450 nm and 950/450 nm) were found useful in differentiating the two 

stresses in wheat. 

Spectral Reflectance of Healthy and Leaf Hopper Infested Cotton Crop 

Geographic Information Systems (GIS) 

A GIS is a computer system capable of assembling, storing, manipulating, and displaying geographically referenced 

information. GIS technology allows to store field input and output data as separate map layers in a digital map and to retrieve 

and utilize these data for future input allocation decisions 

Applications of GIS in Entomology 

There are two general areas where a GIS has been used in applied insect ecology (Liebhold et al. 1993):  

1. Characterization of habitat susceptibility to outbreaks and  

2. Compilation of census data. 
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Insect Outbreaks Using GIS 

Shepherd et al. (1988) digitized historical maps of defoliation caused by the Douglas-fir tussock moth in British Columbia from 

1924-86, and overlaid these images to obtain a map of defoliation frequency.  This outbreak frequency map was then overlaid 

with forest type and biogeoclimatic maps to determine how forest type and climate were related to outbreak frequency.  Their 

characterization of sites most prone to outbreaks can be used to predict where outbreaks will occur in the future.  Johnson used 

a GIS to examine the relationship between historical grasshopper outbreaks and soil characteristics and between weather and 

survey counts. 

Insect Census Data and GIS 

Spears et al. (1991) and Ravlin et al. (1991) used a GIS to interpolate gypsy moth trap counts and egg mass densities in an IPM 

demonstration program. They showed how map compilations of these data are useful for planning suppression activities.  

Liebhold et al. (1992) developed a model that forecasts the future spread into currently uninfested areas. 

Decision Support System (DSS) 

In order to make GIS's more accessible to applied problems, they are linked as a part of larger decision support systems (DSS). 

The DSS uses the geo-referenced data, along with other types of data as input to mathematical models and rule bases to produce 

useful abstractions or recommendations. 

Global Positioning Systems (GPS) 

GPS is a navigation system based on a network of earth-orbiting satellites that lets users record near-instantaneous positional 

information (latitude, longitude, and elevation) with accuracy ranging from 100m to 0.01m 

Conclusion 

Using Remote Sensing and Geographic information system in Pest monitoring and management holds lots of promise. 
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Introduction 

Farmers Buddy is a web-based open discussion portal developed using Java programming language This Java based 

application is highly useful for farmers and agricultural students to obtain information regarding various crops, the fertilizers 

usage for these crops, the soil condition in which these crops yield more, and the suitable climatic and environmental condition 

for these crops. It also provides information on growing of suitable crops in particular season (which season is better for which 

crop and which soil is suitable for that crop). The user can ask the queries & they can get the instant solution from the expert 

in this application  

Farmers Buddy is implemented on a pure Java2EE architecture with Oracle database. It is a web-based open discussion portal 

providing information and solutions about crops, fertilizers, soil, and climate to small farmers and agricultural students. The 

portal provides soil analysis for various regions and suggestions based on the soil condition and climate. It explores questions 

such as: “which fertilizers to use where and in what quantity”, “which crop, vegetable, or herb should be grown where and in 

which season”, etc. Additionally, farmers buddy helps farmers and agricultural students in making decisions on the current 

market and best prices of crops and herbs. Information regarding major crop markets and the prevalent best price for the crops 

are published on a regular basis. 

Farmers buddy also features training and online query handling for all users. Training can be request by students and general 

public; similarly, queries can posted on the portal via mails. Queries can be forwarded to a particular officer, and information 

pages of the system are dynamic so that agricultural officers can change it when needed. This project is useful for farmers and 

agricultural student to obtain information regarding various crops, tools used by the farmers, also provide one of the platforms 

for online selling and buying of the different types of grains and the tools. Also provide the desire cost to the user or farmer. 

The cost is decided by the expert system. This is the agriculture portal developed by using java programming language, which 

mostly provide solutions to the small farmers, agricultural professional & students. It provides valuable information on Soil, 

Fertilizer’s & crop information to various agency, NGO, Private & Public company working on Agricultural & allied sector. By 

using this portal, Agri students are able to get practical information & Practical knowledge about various crop cultivation 

practices, soil & fertilizer related information. 

Proposed System 

The current application can be accessed by two types of users (buyers and sellers). As farmer is illiterate, he accesses this 

application with the help of another trusted party. Buyers can demand their desired crops using this application. Buyers can 

submit their feedback regarding the crops which they won in auction. It provides the farming equipment either new or second 

hand. Also, we can buy the tools on rent. Information about schemes given by government for farmers can be uploaded in this 

application.   
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The proposed system is built in view of database integration approach; it tries to automate the entire process in an effective, 

simple, and reliable way. Current system provides different access levels for security. Rich user interface is provided in order 

to interact with application. 

Formulation of Modules 

Module 1 - Main Page: This module is the front page which provides the title of the project that is “Farmer Buddy”. It conveys 

that farmer is using a Farmer Buddy application. 

Module 2 - Registration Module: This module is used by the unauthenticated users who are unregistered. The users must 

register themselves such that they can login into the Farmer Buddy application.   

Module 3 - Tool Module: This module is used by the registered users; it provides the various farm related equipment 

information. Farmers can buy the new equipment, equipment on rent & second hand tolls by this application.  

Module 4 - Expert Team Module: This module provides the information about the various expert team which are analyse and 

study the average marketing value of the crops and it will be helpful to the farmer to decide the desire marketing value of the 

product. 

Key Benefits 

1. Reduces complexity in data management. 

2. Category-wise classification of information regarding agricultural products, soils, fertilizers, and market details. 

3. Different access levels for different users from security point of view 

4. User-Friendly Interface 

5. Rich user interface 

6. Reports are generated dynamically on a periodic basis. 

7. Querying details is very efficient. 

8. User queries and answers are maintained. 

9. Economical, user friendly, and effective. 

Users of the System 

1. Farmers 

2. Agricultural students 

3. General public 

4. Administrator 

5. Agricultural officers 

6. Agricultural Professional 

Features of Existing Systems 

1. Lack of security 

2. Does not provide category wise classification of products 

3. Unable to provide details query status 

4. Takes more time for report generation  

5. Reduce complexity in managing the soil data, fertilizer, Market data & other relevant data related to agriculture 

6. Flexible user interface 

7. Reports are generated dynamically on periodic basis 

8. Efficiency in querying details 

9. Users query & answer are maintained  
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Various Technologies Used for Development of the Application 

1. UML 

2. Java script 

3. J2EE 

4. Servlets 

5. JSP 

6. HTML 

System Configuration / Specification 

1. Software Requirements: 

Operating System Windows XP/2003 or Linux 

User Interface                           HTML, CSS 

Client-side Scripting                JavaScript 

Programming Language         Java 

Web Applications                     JDBC, Servlets, JSP 

Database   Oracle 10g 

Server Deployment                  Tomcat 5.0 

2. Hardware Requirements: 

Processor Pentium IV 

Hard Disk                           40 GB 

RAM                512 MB or more 

Stepwise Instructions for Farmers’ Buddy Application 

STEP 1 - Registration Page: 
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STEP-2 Queries: 

 

STEP - 3 Add Fertilizer Information: 

STEP - 4 Sent Mails: 
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Advantages 

1. It provides valuable information on soil, fertilizers & crop status 

2. It provides training facility to various users/farmers regarding latest technology used in on agriculture & farming practices 

3. Users are able to post their query & they can get instant solution/answers from the experts 

4. User-Friendly Interface 

5. Online buying & selling of products 

Disadvantages 

1. It lacks the local language support 

2. Not directly helpful for farmers 

3. Mislead students & Farmer as it is an open discussion portal 

Conclusion 

This Open Discussion Portal Provide information required for farmers, agricultural Professional & students and also providing 

solutions to them about queries posted by them. This makes agriculture more eco-friendly and this portal is very useful to 

farmers and agricultural students. This application provides the one the platform for marketing for the farmers. The proposed 

farmers buddy java project provides an effective online platform where farmers and agricultural students can get information 

regarding various agricultural matters and get answers to their queries. The system has limitations in a sense that being a open 

discussion portal anyone can post anything which may mislead students and farmers. User requirements keep on changing as 

the system is being used, and in this regard, farmers buddy is very flexible. Being based on object-oriented design, new features 

and modules can be added in to the system in future. 
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Abstract 

Solving insects or weeds with the use of hazardous chemicals, we create one problem for solving the other. Use of hazardous 

chemicals leads to the residual effect in both soil and produce. This article deals with an alternate solution to counter these 

problems, so that the harm caused by the pests can be avoided without creating a new problem. This article will be highlighting 

the benefits of Soil Solarization in the management of Crops. 

Introduction 

The harmful effect of use of chemicals like pesticides including herbicide, due to non-judicious use is not unknown. The 

problems evolved so much that the researchers led to focus on Integrated management. Soil solarization is one of the most 

important methods which alters the environment and make it unfavourable for the growth of pests. This practice was first 

adopted in Germany in 1888 and was first used commercially by USA in 1897. Soil Solarisation can be defined as: 

“Soil Solarization is a non-chemical method of controlling soil borne pests or weeds by placing plastic sheets on moist soil during days of 

high temperature”. It increases the soil temperature to level at which many soil-borne pathogens, insects and weeds will be killed or 

weakened. It is actually the method of decontaminating the soil.  

Soil solarization was originally developed to control soil borne pathogens (Katan et al., 1976). Later, its potential to control 

other pests and weeds was soon discovered. Solarization technology does not release any dangerous chemical residue in the 

ground; it is a safe, simple and effective, and eco-friendly tool for the home gardens and fields. (Kapoor, 2013). 

Principle 

Soil solarization involves the use of sun’s energy to heat up the soil by trapping the heat energy with the help of transparent 

polythene soil mulches. The thin sheets transmit the solar radiation through moisture present in soil and reduce its loss through 

evaporation. The main principle is to enhance the diurnal heating and cooling cycle of the soil. 

Method of Soil Solarization 

To achieve the best result, it is important that we carry out the solarization process through proper methodology. Soil 

solarization can be done in Nursery area, Potting mixture and also in the main field. Proper care must be taken. The method in 

three of the situations named above is described below: 

1. Nursery Bed:  Nursery beds are used to raise the seedlings of transplanted crops. Nursery should be properly managed and 

kept free from pests to avoid the loss. To use soil solarization in nursery, following steps are suggested: 

a. Remove the pebbles present on the soil surface and level the surface properly. 

b. Incorporate organic manure as per the requirement. 

c. Irrigate the nursery beds. 

d. Cover the soil surface of beds with transparent polythene of 100-150 gauge. 

e. Seal the edges of the sheet. 

f. Keep it for 20-30 days. Protect from animals and birds. 

g. Remove the sheet and sow the seeds. 

2. Potting Mixtures: In modern agriculture, pot culture is widely spreading in urban areas and the contaminated soil can lead 

to loss of the crop. To use solarize soil can prove to be a protective measure and a method of disinfecting the soil used for 

potting. Steps are as follows: 
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a. Spread the mixture of soil on levelled ground up to height of 15-20cm. 

b. Moisten the surface by watering it with watering can. 

c. Cover the soil with polythene sheet for 20-30 days. 

d. After that, use the mixture in pots and go for sowing or transplanting. 

3. Main Field:  Main field is to be protected in the crops which are directly sown. This method is widely adopted in vegetable 

crops. The levelled soil can be solarised by covering it with transparent plastic sheet and then following the GAPs 

recommended for the crops. 

Fig. 1. Steps of soil solarization. 

Fig.2. Soil solarization in field 

Important Precautions 

1. The area for soil solarization should be properly levelled and free from any clods, pebbles or debris. 

2. Soil moisture plays critical role in capturing the heat energy of the sun. Thus, proper moisture content is necessary to get 

desired result. Appropriate soil moisture is around 60-70% of Field capacity. 

3. Black or white polythene should not be used. Low Density transparent plastic sheets should be ideally used. 

4. Soil solarisation should never be practiced in shady areas. 
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5. The edges of the plastic must be buried to a depth of 20cm to avoid any kind of problems. 

6. In case of solarization of potting mixtures, it should be taken care that the mixture is properly spread and not heaped. 

7. “Use of double layer plastic can also give additional benefit as it makes a layer of insulation”. 

Effect of Soil Solarization 

Soil solarization of wet fields leads to increase in soil temperature by 50-100 C up to the depth of 15cm. Following are the 
beneficial effects of soil solarization observed through several experiments and field trials: 
1. Soil borne disease can be controlled by using this method as increase in temperature causes the control of several soil borne 
fungi like Phytophthora, Rhizoctonia, Fusarium etc. which causes severe diseases like root rot, wilt, crown gall, scab, canker and 
others. 
2. Soil solarization shows considerable result in the reduction of nematodes due to increase in temperature of soil. Most 
common nematode observed in vegetables is root knot nematode (Meloidogyne) is reduced in number. It proves beneficial 
against other destructive nematodes like Heterodera, Xiphinema (which transmits viruses) etc. can also be controlled. 
3. This method has proved to be a boon for controlling several annual and perennial weeds. Some common weeds which are 
effectively controlled by soil solarization are Cynodon dactylon, Cyperus rotundus, Convolvulus spp, Digitaria spp., Crotolaria spp., 
Noxia spp. Etc. 
4. Apart from plant protection measures, an evident increase in the plant height, number of leaves, better root formation, more 
root nodulation and finally increase in yield is also reported. (M.K.Singh et al., 2015). 
5. Soil solarization leads to increase in breakdown of organic material resulting in increase in nutrient availability. 
6. Soil solarization improves the physical, chemical and biological environment of soil. 
7. It leaves no toxic residue if biodegradable plastic is used. And considered to be an economical, safe and effective method of 
plant protection.  

Limitations of Soil Solarization 

Apart from the benefits of soil solarisation. This method is not adopted on a wide scale. One of the major reasons is lack of 

dissemination of information. But some practical peculiarities are also there which can be listed as follows: 

1. Lack of machineries for large scale soil mulching. 

2. Shortage of supplementary irrigation water during solarization. 

3. Pollution due to non-biodegradable plastic sheets. 

4. Soils needs to leave uncropped for sometimes. 

5. 100% control is not observed in case of pests. 

Conclusion 

Soil solarization is concluded to be a good solution for management of pests by manipulating the soil environment by 

increasing its temperature by trapping the sun’s energy through plastic sheets. By the selection of proper biodegradable 

polythene of proper thickness. By eliminating its limitations, it can prove to be one of the important tools to achieve sustainable 

agriculture. It can also prove to be economic by reducing the cost of pesticides applications. Future research work must be 

thrusted in this area to increase its efficiency, reduce its costs and make it more viable for all kinds of land holdings and majority 

pf crops. Sun’s energy is not just the ultimate source of energy but also a protectant if we use it with our innovations. 
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Abstract 

It is a well-established that use of chemicals in agriculture has been proven to be hazardous for environment. It not only 

adversely effects the quality of soil but also causes issues in human health. Herbicides are proven to be the potential source of 

many diseases. Thus, alternate methods of plant protection are the area of consideration now-a-days. This article deals with 

one such alternate method of plant protection from weeds named Mulching. Although Mulching holds many other benefits 

also. Here, only its role in weed management is discussed. 

Introduction 

Mulching is defined as the process of covering soil with organic or inorganic material to provide better growth plant growth 

by attaining favourable condition of crop growth. It plays major role in crop production by reducing weeds which indirectly 

causes reduction in fuel usage and labour costs.  By covering the soil surface, mulch can: 

1. Reduce weed seed germination. 

2. Provide shade and hinder the emergence of weeds. 

3. Enhance crop growth by modifying soil moisture and temperature.                               

Principle and Mulching Materials 

Mulching works effectively in management of weeds as it forms a layer between the soil and the atmosphere which prevents 

the sunlight from reaching the soil surface. 

Mulching materials are mainly of two types: Synthetic mulches and organic mulches. 

1. Synthetic mulches:  Black polythene mulch is the most widely used synthetic mulches. Polyethene of 300-400-gauge 

thickness is used for mulching. Generally black films are used for weed control purposes. These are spread on land before 

sowing or transplanting and holes are made into it for sowing purpose. Many machines are available for this also. Any opaque 

material and infrared transmitting material can be used for the control of weeds.  

2. Organic mulches: Organic mulching includes the spreading of straws, hay, leaves or any crop residue. Organic mulch is left 

in the field after harvest and as it breaks down, it provides organic matter to the soil.  

It is commonly observed that farmers use synthetic or plastic mulch on the seed beds and organic mulch in the alleys between 

the successive beds. It is done to control weeds both on seed beds and alleys. 
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Fig.1: Types of mulching materials  

       Fig.2: Organic mulching in field   Fig.3: Plastic mulching in field 

Method of Mulching 

Thickness of film (in microns) Recommended Crops 

7 Groundnut 

20-25 Annual crops 

40-50 Biennial crops 

50-100 Perennial crops 

1. Area to be mulched must be cleaned and properly levelled. 

2. The soil should be in good tilth and well-watered before mulching. 

3. Entire area should be covered with the film or any other mulch which is being used. 

4. Holes can be made at four corners to facilitate water movement. 

5. In hard soils, a trench of 1’X1’X2’ can be made at corners and filled it with stones or gravels. 

6. The film should not be spread very tightly. 

Effect of Mulching on Weeds 

1. Light promotes the germination of many seeds. Mulching works on the principle of obstructing light and prevent it from 

germination. Mulching also leads to the destruction of emerged weeds by inhibition of photosynthesis in the absence of 

sunlight. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            960 | P a g e  
 

2. Common weeds like Chenopodium album, Galinsoga ciliata, Ambrosia spp., Portulaca etc. fail to germinate in absence of light 

and can be controlled easily using mulches. 

3. Dicot weeds are easier to control through mulching as they are fairly delicate as compared to monocot weeds. 

Some Research Findings 

Following are few of the research findings on mulching in different crops. 
1. An experiment on mulching with plastic film was conducted for groundnut at Aliyarnagar Research Station. It was found 
that 15-micron LLDPE (black) is most suitable for weed control. 
2. 20-micron LLDPE black polythene was considered superior for cotton, in an experiment conducted at TNAU, by PDC, CAE 
for dryland cotton.  

Limitations of Mulching 

1. Sometimes mulching can increase weed problems as organic mulches may be a carrier of weed seeds. 

2. If in any case, Weed grow through the mulch. It is more difficult to control than in normal condition. 

3. Perennial weeds and some viny fast growing weeds are not controlled properly, 

4. Some weeds that do not respond to light, like Horse nettle, Common cocklebur, foxtails cannot be controlled by mulching. 

5. Use of plastic is toxic to environments and animals. 

Conclusion 

The covering of soil with plastic mulches or organic mulches for the weed management purpose is good. It can efficiently 

control many weed species. But since, it cannot control all types of weeds and emergence of weed from mulches is difficult to 

manage. Mulching can be considered as a tool to control weeds but cannot be considered as one stop solution to weed 

management. It should be used in conjunction with other methods. An integrated approach is always considered as the best 

approach in agriculture. Mulching can be a tool to board down load of chemicals used in agriculture and protect it from its 

negative impacts. 
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Summary 

Development Opportunity Crops (DOCs) are undervalued and neglected crops that are already cultivated but are 

underutilized regionally and globally. These are restricted to local production and consumption, owing to unrecognized 

nutritional value and poor consumer awareness. These traditional crops are grown for food, fodder, traditional medicine and 

fibre. These crops play a key role in survival of local communities and have ethno-botanical and medicinal value. DOCs have 

good adaptation to marginal lands and provide valuable nutritional element to local population that generally lack in the staple 

crops. These crops have the potential to contribute to food security, income generation and culinary diversification. Sesbania 

grandiflora (L.) Pers., commonly known as ‘Agathi’, ‘Bok phool’, ‘Heron flower’ or ‘Humming bird tree’ is one of the important 

DOC’s grown without much care in open fields, near roadsides or waterways, backward of houses and dikes between the rice 

fields. It is having immense nutritive and medicinal values. Its tender leaves, unopened flowers and pods are eaten as vegetable. 

Intoduction 

‘Agathi’, ‘Bok phool’, ‘Heron flower’, ‘Humming bird tree’ or ‘West-Indian pea’ is one of the most neglected and 

underexploited perennial tree vegetable crops having extensive nutritional values and medicinal properties. Botanically it is 

known as Sesbania grandiflora (L.) Pers. and belongs to the family ‘Fabaceae’ (previously known as ‘Leguminosae’). It is having 

the chromosome number 2n=2x=24.                               

Origin 

The species is native to South and Southeast Asia. Indonesia is considered as the most possible centre of diversity. It is closely 

related to the Australian species, Sesbania formosa. The species is now distributed pantropically in Africa, Central America, 

Florida, Hawaii, Southwest China, Northern Australia, the Caribbean and the Pacific Islands (Lim, 2014). 

Botany 

1. Light promotes the germination of many seeds. Mulching works on the principle of obstructing light and prevent it from 

germination. Mulching also leads to the destruction of emerged weeds by inhibition of photosynthesis in the absence of 

sunlight. 

2. Common weeds like Chenopodium album, Galinsoga ciliata, Ambrosia spp., Portulaca etc. fail to germinate in absence of light 

and can be controlled easily using mulches. 

3. Dicot weeds are easier to control through mulching as they are fairly delicate as compared to monocot weeds. 

Some Research Findings 

It is a small, open-branched, unarmed, perennial tree which is around 5–9 m tall having drooping branches and heavily 
nodulated roots.  
1. Leaf: Leaves are glaucous, deep green, pinnately compound with 20–40 pairs of opposite to alternate leaflets. Leaflet is 
oblong to elliptical whereas the apex is obtuse and it is about 2–3 cm long.  
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2. Inflorescence: Inflorescences arise from leaf axils in lax racemes of 2–4 flowers; bracts are lanceolate, deciduous and 3–6 mm 
long.  

3. Flower: Flowers are strongly bilateral, papilionaceous, either white or deep pink to red, quite large, 7–9 cm long. Flowers 
consist of calyx (5 in number and campanulate), corolla (5 in number and can be differentiated into 1 standard, 2 wings and 2 
keels), stamens (10 in number showing ‘diadelphous’ condition) and pistil (ovary is glabrous, superior, short stipulate, cylindric 
and single loculed). 

4. Seed: Seeds are produced in the pods. Pods are pendent, slender, 30–55 cm in length, cylindric, green and indehiscent 
containing 15–50 seeds. Seeds are elliptic, compressed, about 6mm long, 5 mm wide and dark brownish in colour.  

Edible Plant Parts and Uses 

In Asia, young leaves, flowers and young pods are used in curries and soups, lightly fried, steamed or boiled.  The young, 

tender pods are cooked similarly to other green beans. In India, unopened flowers are dipped in batter and fried in butter or 

oil to make ‘pakodas’. Flowers after removal of the bitter stamens are consumed as raw or cooked vegetables. The leaves and 

young tender pods are used as flavouring items in the cuisine of South India. Seeds are high in protein (33.7 %) and are eaten 

as famine food in India. 

Nutritive Properties 

The leaves and flowers of Agathi are found to be rich in minerals and vitamins. The leaves are reported to contain 8.4 g protein, 

11.8 g carbohydrate, 3.1 g fat, 2.2 g fibre, 5,400 μg carotene, 169 mg vitamin C, 0.21 mg vitamin B1, 0.09 mg vitamin B2, 1.2 mg 

niacin, 3.1 g minerals, 1,130 mg Ca, 80 mg P and 3.9 mg Fe per 100 g edible portion (Devi et al., 2007). Duke (1983) reported 

that the leaves contain 321 cal, 36.3 g protein, 7.5 g fat, 47.1 g carbohydrate, 9.2 g fibre, 9.2 g ash, 1,684 mg Ca, 258 mg P, 21 mg 

Na, 2,005 mg K, 25,679 μg β-carotene equivalent, 1.00 mg thiamine, 1.04 mg riboflavin, 9.17 mg niacin and 242 mg ascorbic acid 

per 100 g ZMB (zero-moisture basis). He also reported that the flowers contain 345 cal, 14.5 g protein, 3.6 g fat, 77.3 g 

carbohydrate, 10.9 g fibre, 4.5 g ash, 145 mg Ca, 290 mg P, 5.4 mg Fe, 291 mg Na, 1,400 mg K, 636 μg β-carotene equivalent, 0.91 

mg thiamine, 0.72 mg riboflavin, 14.54 mg niacin and 473 mg ascorbic acid per 100 g ZMB. 

Medicinal Properties 

1. Leaves:  

a. Leaves of this plant have the potential to be used as a remedy for thrombosis, diarrhoea, inflammatory diseases and 

against few important bacterial pathogens. 

b. The juice of the S. grandiflora leaves is used in the treatment of bronchitis, cough, vomiting, wounds ulcers and 

dysentery. 

c. The leaves are traditionally used to treat nasal catarrh, nyctalopia and cephalalgia. 

d. The leaf juice of the ‘Humming bird plant’ is reported to have significant anti-urolithiatic activity against calcium 

oxalate type stones. 

e. Aqueous leaf extract of this plant exhibits significant anti-hyperlipidaemic activity. 

f. Leaf juice is found to have great anticonvulsant and anxiolytic properties. 

g. Leafs are reported to have hepatoprotective and nephroprotective activities in sufficient amount. 

h. Leaf extract is also having analgesic and CNS depressant activities. 

2. Flowers: 

a. Flowers are reported to have significant antimicrobial property. 

b. Used as promising material to develop the active ingredient of anti-plaque toothpaste as well as mouthwash 

solution. 

c. Flowers have strong anti-diabetic property. 

d. Consumption of flowers reduces the risk of different type of cancers especially colon and liver cancer. 

e. Aqueous flower extract exhibits antibacterial activity against Bacillus cereus, Escherichia coli and Staphylococcus aureus. 
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f. Flower extract is found to have strongest antiviral activity against the viruses grown in different cell lines like Hel, 

HeLa, Crandell Reus feline kidney and Vero cell. 

g. Flowers also have significant anti-inflammatory, analgesic and wound healing properties. 

Apart from leaves and flowers, the bark extract is reported to have antiulcerogenic activity. Powdered roots of plants are mixed 

in water and applied externally as a poultice for rheumatic swelling. Apart from these, S. grandiflora seed oil exhibits high 

anthelmintic activity. 

Soil and Climatic Requirement 

It can be grown in a wide range of soils including alkaline, saline, acid soils with pH down to 4.5, heavy clays and poorly 

drained low fertile soils. It is also true that growth and development of the plant strictly depends upon the soil type. Though 

it is grown up to a height of 1200 m from mean sea level (MSL) but found abundantly in hilly regions as shade providing plant 

in the scarps. The tree is found widely in open fields, near roadsides or waterways and dikes between the rice fields. 

It is strictly a crop of tropical areas. This plant can be grown in that areas where mean annual temperature and rainfall ranges 

from 20-300C and 2000-4000 mm respectively. It prefers a bimodal rainfall distribution with rapid growth in the wet months. 

It is remarkably drought tolerant as well and withstands an extended dry period up to 9 months. It can also be used as cover 

crop in drought prone areas. It can add up to 55-60 kg of nitrogen per hectare of land when used as a green manure crop. It is 

sensitive to frost and can’t tolerate a prolonged period of low cool temperature. 

Propagation and Planting 

It is generally propagated through seeds. Mature and old branches of plants can also be used as propagating material. Seeds 

are produced in spring season from the flowers bloomed in autumn-winter months. During the spring season, the seeds are 

sown in the seed bed. The seeds should be sown within a few days after collecting from the mother plants as the seed viability 

is low. Seedlings can also be grown in black polythene packets. 1.5-2-month-old seedlings are ready for transplanting in the 

main field. Seedlings are planted in the pits of 30 cm× 30 cm× 30 cm dug at a distance of 2 metre adequately filled with organic 

manure. Plant to plant distance is kept a bit higher as because plants are having open branching habit. Summer and rainy 

season are considered best for transplanting of the seedlings. If proper care is taken, plants start flowering from 6-7 months to 

maximum one year. 

Irrigation 

Being a much-neglected crop, it is grown as a rainfed crop mostly. During the monsoon season, maximum growth and 

development of plant is observed. Though it can tolerate prolonged drought period but irrigation at a regular interval during 

dry season helps in proper growth of plant. 

Pruning and Weeding 

The normal life span of the plant is 20 years but it should be replanted at an interval of three years for higher yield. To enhance 

growth and development and maintain the dwarf stature of the plant, pruning should be done at least once in a year. The 

surrounding of the plants must be kept clean from obnoxious weeds to avoid infestation of pests as weeds acts as the secondary 

hosts of many harmful insects. Hand hoeing and weeding is recommended. 

Yield 

Depending upon the soil type and management practices followed, the plant may produce 100-300 flowers/ plant/ year. 

Important Diseases and Pests 

It is very hardy plant. No specific disease and pest infestation is recorded in this tree vegetable. Periodical infestation of some 

diseases like Brown spot of leaves caused by fungi and Mosaic by virus may be observed. Occasionally nematodes attack the 

plant root and make it swollen. So that, the plant leaves turn yellow and dry ultimately. 
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Conclusion 

Climate change and population growth impede progress toward achieving food and nutritional security. Production of an 

expanded range of food crops can reduce risk and enhance food security. Diversified diets, based on a range of crop species, 

are essential for nutritional security (Chatterjee et al., 2019). Underexploited and development opportunity vegetable crops like 

‘Agathi’ in particular has appreciable levels of ‘macro’, ‘micro’ and ‘phyto’ nutrients which can help in alleviating malnutrition 

and significantly contribute to nutritional security. So, the consumption of this lesser known vegetables should be promoted, 

especially among the vulnerable sections of the population because of its cheap price. This could be a highly feasible strategy 

to combat problems of malnutrition in our country in future. 
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Introduction 

Flowering is an important phenomenon in the life cycle of fruit crops. It is a complicated developmental process of 

physiological and morphological stages under the control of numerous external signals and internal factors. It is the first step 

towards plants transition from vegetative to reproductive phase which involves flower initiation followed by flower 

differentiation, fertilization, fruit set and fruit development. Each of these processes may be a limiting factor for crop formation. 

The yield of fruit crops depends on the number and quality of flower buds formed. Bud is an undeveloped or embryonic shoot 

that normally occurs in the axil of a leaf or at the tip of a stem. Once after formation, a bud may remain dormant for some 

period till it gets favourable environment or it may form a shoot immediately. Buds may be specialized to develop flowers or 

short shoots, or may have the potential for general shoot development. According to the position, the buds may be either 

terminal or axillary. Terminal buds are located at the tip of the stem whereas axillary buds are located in the axil of a leaf. 

According to the nature, buds are simple or mixed types. Simple bud gives rise to flowering or vegetative shoot depending 

upon the nature while mixed bud contains both vegetative shoot and flowers. The types of buds found in different fruit crops 

are presented in Table 1. 

Table 1: Types of Bud Present in Different Fruit Crops 

Types of bud Fruit crops 

Terminal bud Mango, Litchi, Banana, Pineapple, jackfruit, Pecanut, and Loquat. 

Axillary bud Papaya, Orange, Guava, Apple, Peach, Pear and Custard apple 

Simple bud Citrus, Cherry, Coconut, Almond, Plum 

Mixed bud Pomegranate, Ber Apple, Pear, Cashew, Guava 

Developmental Stages of Flower Bud Differentiation 

1. Induction: The first step of towards flowering at which the flowering stimulus is generated in the plant is called floral 

induction. Induction state is a physiological condition initiated in tissues by certain external influences like water stress, chilling 

temperature and photoperiod, progressively towards floral expression even under subsequent non-initiating conditions. This 

event leads to the production of a putative floral stimulus in the ratio of florigenic and antiflorigenic components which are 

translocated to target cells in meristems.  

2. Flower bud initiation: After receiving certain thermo photoperiodic requirements, floral bud initiation occurs due to 

chemical or hormonal differentiation. It is a morphological transformation when the evoked bud becomes recognizable as a 

flower bud and is thus committed to reproductive development.  

3. Flower bud differentiation: Differentiation is the process of changes in composition, structure and functions of cells and 

tissues during growth. Once the bud has completed vegetative phase, vegetative cones are formed after 5-10 days. There are 

six main types of bearing habits and consequently training and pruning must be done accordingly to promote the existence of 

fruit bearing buds. 

a. Fruit buds borne terminally containing flower parts and giving rise to inflorescence without leaves, e.g. mango and 

loquat. 
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b. Fruit buds borne terminally unfolding to produce leafy shoots that terminate in flower clusters, e.g. apple, pear, 

quince, pecan. 

c. Fruit buds borne terminally unfolding to produce leafy shoots with flowers or flower clusters in the axils, e.g. guava 

d. Fruit buds borne laterally containing flower parts only and giving rise to inflorescence without leaves or if leaves 

are present, they are reduced in size, e.g. date, peach, plum apricot, cherry, almond, currant, citrus, fruits, walnut (male 

catkin only). 

e. Fruit buds borne laterally unfolding to produce leafy shoots that terminate in flower clusters, e.g. blackberry, 

raspberry, grapes, cashew nut. 

f. Fruit buds borne laterally unfolding to produce leafy shoots with flower clusters in the leaf axils, e.g. mulberry, fig, 

chestnut, ber, avocado. 

Table 2: Time of Fruit Bud Differentiation in Different Fruit Crops 

Fruit crops Season of flower bud differentiation Regions 

Mango August- September South India 

October-November North India 

September- October Western India 

August- November Punjab 

Citrus December-Late January North India 

January-February or June-July South India and Vidarbha 

Guava January-February (Ambe bahar), June-July (Mrig bahar) and 
October (Hasth bahar) 

Central and south India 

Grape March-April North India 

Banana September-April South India 

Temperate fruits July to August J&K, Himachal Pradesh, 
Uttarakhand 

Factors Controlling Fruit Bud Differentiation 

1. Physiological: Flower bud formation is induced by flower forming substances which is produced in the leaves and gets 
translocate to the buds present in the axil of leaves by diffusion. The flower bud forming substance is closely similar with the 
nature of carbohydrates. Various findings have shown reducing sugars deficiency in non-bearing spurs at the time of 
differentiation.  

2. Carbon-nitrogen ratio: C:N ratio should be higher in order to induce flowering. Plants have been placed in four categories 
with regard to the carbohydrate supply. 

a. High nitrogen and low carbohydrate supply. 
b. High nitrogen and enough carbohydrate (generally found in young trees which are about to bear or mature trees 
which have been severely pruned). Flowers may be formed in both a) and b) category but differentiation takes place 
only in the second although unfruitfulness may still be found due to incomplete differentiation.  
c. Moderate nitrogen and carbohydrate supply leading to good growth and abundant flower bud formation as found 
in old trees receiving good solar radiation and having good nutritional status. 
d.Low nitrogen and high carbohydrate show weak growth, leading to the formation of only few buds.  

3. Environmental: Most of the flowering responses are totally dependent on environment factor. Trees only flower when all 
environmental factors are favourable. The intensity, duration and quality of light directly influence differentiation of floral 
primordia through intensity. Higher light intensity promotes flowering than low intensity. Tress located in the shady places 
have disturbed C:N ratio while parts of the tree receiving less light have less flowers or no flower at all. Temperature controls 
the C: N balance in a plant which may influence flower bud formation. In general, temperatures lower than 20-25°C favour 
greater accumulation of carbohydrates in certain plant species and thus force large flower bud formation.  
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Horticultural Practices for Inducing Flower Bud Differentiation 

1. Ringing: It involves removal of ring of bark from the trunk or branches of tree. Ringing is seldom practiced in mature trees 

to stimulate flower bud formation artificially. Ringing is done prior to the time of differentiation of flowers. Ringing is not 

practised in young plants with weak vegetative growth. It also results in injury to stone fruits. 

2. Root pruning: Severe injury to the roots of fruit trees has frequently increased flower formation particularly in young 

vigorous trees. Root pruning restricts the entrance of water and nutrients, thus retarding the growth of shoots and spurs. This 

retardation in growth, as indicated, is associated with differentiation.  

3. Defloration: Rigorous defloration of individual branches usually induces the differentiation of flowers with little impact on 

the fruiting limbs of the plant. The left-over chemical energy due to the non-bearing of fruits in the previous year seems to be 

of avail in the improvement of flowering and fruiting in the succeeding year. 

4. Defoliation: Defoliation is detrimental for the plant growth since it significantly reduces total carbohydrates associated with 

flower production, if not fulfilled, brings down flowering. Defoliation is generally done by the use of certain chemicals. Use of 

ethylene favours flower differentiation successfully in pineapple. 

Conclusion 

Flower bud development is an important event in the ontogeny of plant and it involves the transformation of the vegetative 

apex to a reproductive structure. The events leading to a bud to flower are induction, evocation and initiation. Every fruit plant 

has its own timing of flower bud differentiation and during that period favourable physiological and environmental conditions 

are pre-requisite. There are several artificial means or horticultural practices that can promote flower and fruit bud 

differentiation in young fruit plants or in plants which are shy bearer. A thorough knowledge of physiology of flowering is 

necessary to understand the mechanism of this whole process. 
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Introduction 

A 35% population increase is projected by 2050 and increase in food demand by75% is anticipated (World Bank 2008). The total 

grain demand will increase from 201 million tonnes in 2000 to about 291 and 377 million tonnes by 2025 and 2050, respectively. 

Around 70% of land is devoted for producing cereals. Cereals crops supply 20% of calories and account for more than half of 

all harvested crop areas in the world. Rice and wheat contributing 45% of the digestible energy and 30% of total protein in the 

human diet. 

Meloidogyne graminicola (Rice Root Knot Nematode) was first described in 1965 in grass and oats. Its lifecycle last for 19 day at 

22-29 °C. Hook shaped galls are peculiar symptom of this nematode. It causes a global loss ranging from 11-73%. It is 

responsible for 17-30% loss in Rice in India. Meloidogyne graminicola is remarkably well adapted to flooded conditions, enabling 

it to continue multiplying in the host tissues. This nematode survives during rabi season mostly as J2 or egg stage in soil rather 

than rice stubbles under north Indian conditions (Salalia and Walia 2017). Chemical management of this  PPN can be done by 

application of Phosphonothioate 10G@ 1 kg a.i./ha at 7 days prior to uprooting plus main field application at 45 days after 

transplanting @ 1 kg a.i./ (Debanand et al., 2012). Soil application of carbofuran 3G @ 1kg a.i./ha (3.3g/m2) before laying 

nursery is beneficial (Pankaj et al., 2015). Crop rotation with non-host crops like sweet potato, cowpea, sesamum, and castor. 

Sunflower, soybean, turnip, cauliflower, jute, mustard and chickpea can be done. Resistant varieties like DSR cv. NDR-

97(Nagina 22 x Ratna) (Devaraja et al. 2017) can be used for cultivation. Biological control with application of Trichoderma 

harzianum, T. virens, Catenaria anguillulae (Pathak and Kumar, 2003; Singh et al., 2007) can be done. Treatment with Ni5SO11 

strain of B. megaterium (Padgham 2004). Application of neem oil cake and P. fluorescens have effective control (Mohanty & 

Mahapatra, 2007; Senthamarai et al., 2008) (Mahanta HK et al., 2012). 

           Aphelenchoides besseyi (White tip Nematode), was identified and described in 1942 by Christie in strawberry. Its host 

includes Rice, Tuberose and Strawberry. Life cycle of this nematode is completed in 8 day at 23 °C and 10 days at 21 °C. It is an 

ectoparasitic seed borne nematode that feeds on the plant tissue externally. Damage caused by these nematode results in 

formation of shredded white tips on meristematic region of infested leaf blades followed by necrosis which turns brown or 

black over time. Infected plants become stunted and produce small panicles with reduced spikelets. In case of severe infestation, 

the upper leaves become twisted and panicle from the boot is incomplete. Symptoms may difficult to detect on some varieties 

that either have some resistance against the nematode or simply don't express damage. This nematode can also cause sterility 

with yield losses of up to 50% reported.  Storage of seeds before sowing in regulated gas medium (97.5% nitrogen and 2.5% 

oxygen) for 10 days at 25oC is effective in reducing A. besseyi infestation. Lee et al. (1972) reported effective control by root 

treatment with diazinon and nemagon. Irrigating seed beds (Yamada et al., 1953) or direct seeding into water (Cralley, 1956) 

reduces A. besseyi infection as the nematode emerge and lose vigour before seed germination.  

Ditylenchus angustus (Ufra nematode) was first reported from Naokhali, Tippera and Dacca districts of East Bengal (now 

Bangladesh) over 90 years ago (Butler, 1913). The nematode is reported from irrigated rice in Maharashtra and Andhra Pradesh, 

however, there are no further reports on its establishment. Presently the nematode distribution is limited to North Lakhimpur 

District of Assam. Ufra I (where the panicle fails to emerge) Ufra II (where there is partial emergence of panicle) Ufra III (where 

there is complete emergence of the panicle).Resistant  variety - Rice cv. Fukuhonami, Hayakikari, Akiyu taka, and 

Matsuhonami (Latif MA 2011).Date of sowing - Transplanting deepwater rice eight weeks later than the usual date for sowing 
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resulted in less. Most of the ufra-prone areas grow broadcast ‘aman’ rice (April-November), followed by ‘boro’ rice (November-

March), thus facilitate nematode survival throughout the year. 

Hirschmanniella oryzae, i.e. rice root nematode is also among the major nematode pests and is the most common plant-parasitic 

nematode found on irrigated rice.  Recent trend and modifications in cultural practices have led to a substantial increase in rice 

production, which is also accompanied by increasing number of Hirschmaniella population. The in-creases in rice root knot 

nematode population is due to the nematode's acclimatization proper-ties towards constantly flooded conditions in which 

irrigated rice is often being grown. Be-ing a migratory endoparasite it penetrates into the roots of rice except at the tips or the 

thin lateral roots. The penetrated nematodes can either enter the root completely or simply embed their heads into the cortex. 

While migrating through the cortex, it feeds from the cortical cells or vascular bundles inside the root. Mostly it feeds at the 

base of root hairs resulting in root hair destruction. Infected roots show a yellowish to brown colour that eventually darkens, 

and heavily infected roots may decay after turning brown or black.  Following these early symptoms, damaged epidermal cells 

may become necrotic and cavities may form inside the roots as a result of damaged cortical cells. In regards to its biology it’s 

difficult to manage as it is a migratory nematode and it overwinters in the roots. As rice does not have a high enough cash 

value control by using nematicides is not economically feasible. More cost effective, or-ganic control measures such as dry 

fallow and rotation to no host crops for 1 year have proven effective. 
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COVID–19 or Coronavirus was declared as a global pandemic by the World Health 

Organization. And while the countries are grappling with imminent dangers that this 

virus poses to humanity, there are few key measures that individuals can take to fight 

this pandemic. First and foremost, everyone is encouraged to follow World Health 

Organization (WHO) and governmental advice to protect against COVID-19 infection 

and transmission. Physical distancing and good hygiene are the best protection for 

yourself and others against COVID-19. 

While it is crucial to mention hygiene standards like washing your hands frequently, 

especially if you have travelled by public transport. Using an alcohol sanitizer, in case 

you are travelling to disinfect your hands, wearing a mask (cover your nose and mouth) and avoiding touching your hand or 

mouth. There are also certain methods to improve your immunity which is paramount at this juncture. 

Good Nutrition 

Good nutrition is very important before during and after an infection. Infections take a toll on the body especially when these 

cause fever, the body needs extra energy and nutrients. Therefore, maintaining a healthy diet is very important during the 

COVID-19 pandemic. While no foods or dietary supplements can prevent COVID-19 infection, maintaining a healthy diet is 

an important part of supporting a strong immune system.  

Countries that have implemented strict lockdown and physical distancing regulations, have also put in measures that have 

protected access to food and have not, thus far, experienced widespread disruptions in food supplies. The Food and Agriculture 

Organization of the United Nations (FAO) and other United Nations (UN) agencies are sharing best practices to help 

governments ensure the food supply continues to be stable. 

People who eat a well-balanced diet tend to be healthier with stronger immune systems and lower risk of chronic illnesses and 

infectious diseases. So, you should eat a variety of fresh and unprocessed foods every day to get the vitamins, minerals, dietary 

fibre, protein and antioxidants your body needs. Drink enough water. Avoid sugar, fat and salt to significantly lower your risk 

of overweight, obesity, heart disease, stroke, diabetes and certain types of cancer. 

Recommendations 

To maintain healthy diets, FAO encourages everyone to: 

1. Eat fresh and unprocessed foods every day 

a. Eat fruits, vegetables, legumes (e.g. lentils, beans), nuts and whole grains (e.g. unprocessed maize, millet, oats, wheat, 

brown rice or starchy tubers or roots such as potato, yam, taro or cassava), and foods from animal sources (e.g. meat, 

fish, eggs and milk). 

b. Daily, eat: 2 cups of fruit (4 servings), 2.5 cups of vegetables (5 servings), 180 g of grains, and 160 g of meat and beans 

(red meat can be eaten 1−2 times per week, and poultry 2−3 times per week). 

c. For snacks, choose raw vegetables and fresh fruit rather than foods that are high in sugar, fat or salt. 

d. Do not overcook vegetables and fruit as this can lead to the loss of important vitamins. 
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e. When using canned or dried vegetables and fruit, choose varieties without added salt or sugar. 

2. Drink enough water every day 

a. Water is essential for life. It transports nutrients and compounds in blood, regulates your body temperature, gets rid 

of waste, and lubricates and cushions joints. 

b. Drink 8–10 cups of water every day. 

c. Water is the best choice, but you can also consume other drinks, fruits and vegetables that contain water, for example 

lemon juice (diluted in water and unsweetened), tea and coffee. But be careful not to consume too much caffeine, and 

avoid sweetened fruit juices, syrups, fruit juice concentrates, fizzy and still drinks as they all contain sugar. 

3. Eat moderate amounts of fat and oil 

a. Consume unsaturated fats (e.g. found in fish, avocado, nuts, olive oil, soy, canola, sunflower and corn oils) rather 

than saturated fats (e.g. found in fatty meat, butter, palm and coconut oils, cream, cheese, ghee and lard). 

b. Choose white meat (e.g. poultry) and fish, which are generally low in fat, rather than red meat. 

c. Avoid processed meats because they are high in fat and salt. 

d. Where possible, opt for low-fat or reduced-fat versions of milk and dairy products. 

e. Avoid industrially produced trans fats. These are often found in processed food, fast food, snack food, fried food, 

frozen pizza, pies, cookies, margarines and spreads. 

4. Eat less salt and sugar 

a. When cooking and preparing food, limit the amount of salt and high-sodium condiments (e.g. soy sauce and fish 

sauce). 

b. Limit your daily salt intake to less than 5 g (approximately 1 teaspoon), and use iodized salt. 

c. Avoid foods (e.g. snacks) that are high in salt and sugar. 

d. Limit your intake of soft drinks or sodas and other drinks that are high in sugar (e.g. fruit juices, fruit juice 

concentrates and syrups, flavoured milks and yogurt drinks). 

e. Choose fresh fruits instead of sweet snacks such as cookies, cakes and chocolate. 

5. Avoid eating out: Eat at home to reduce your rate of contact with other people and lower your chance of being exposed to 

COVID-19. We recommend maintaining a distance of at least 1 metre between yourself and anyone who is coughing or 

sneezing. That is not always possible in crowded social settings like restaurants and cafes. Droplets from infected people may 

land on surfaces and people’s hands (e.g. customers and staff), and with lots of people coming and going, you cannot tell if 

hands are being washed regularly enough, and surfaces are being cleaned and disinfected fast enough. 

6. Continue to practice good food hygiene: Because of COVID-19 pandemic, you might be more concerned about food safety; 

however, COVID-19 is a respiratory virus and is not a food-borne disease. There is no evidence that the disease can be spread 

through contact with the food purchased. However, it’s always good to remember how we can support food safety by 

practicing the five keys to food safety: (1) keep clean; (2) separate raw and cooked; (3) cook thoroughly; (4) keep food at safe 

temperatures; and (5) use safe water and raw materials. 

7. Don’t Compromise on Sleep: Good snooze time for 7-8 hours is the best way to help your body build immunity; lesser sleep 

will leave you tired and impair your brain activity. The lack of sleep will prevent the body from resting and this will impair 

other bodily functions that will have a direct impact on your immunity. Lack of sleep adversely affects the action of the flu 

vaccine. 

8. Counselling and psychosocial support: While proper nutrition and hydration improve health and immunity, they are not 

magic bullets. People living with chronic illnesses who have suspected or confirmed COVID-19 may need support with their 
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mental health and diet to ensure they keep in good health. Seek counselling and psychosocial support from appropriately 

trained health care professionals and also community-based lay and peer counsellors. 

FAO suggests not buying more than your family needs to reduce the risk of unnecessary food waste. FAO also recommends 

applying the nine simple steps to reduce household-level food waste.  

1. ask for smaller portions,  

2. love your leftovers,  

3. shop smart,  

4. buy "ugly" fruits and vegetables,  

5. check your fridge,  

6. practice first in, first out (FIFO),  

7. understand dates on your food,  

8. turn waste into compost,  

9. sharing is caring: give to help.  

And don’t forget, in addition to a healthy diet, other lifestyle factors are critical part of maintaining wellbeing and a healthy 

immune system. A healthy lifestyle includes additional strategies such as: 

1. not smoking;  

2. exercising regularly;  

3. getting adequate sleep; and,  

4. minimizing and coping with stress. 
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Summary of the Article 

The term “smart” has been the current trend in this century. Genome editing is a process that can be most simply described as 

using molecular “scissors” to “cut and paste” human DNA — removing unwanted DNA and replacing it with a desirable one. 

CRISPR is home to a wide of applications and potential with the promise of altering genes to produce desired trait and leads 

to treatment of diseases. The technology allows scientist to manipulate the sequence of DNA in a precise manner but What if 

they’re illegally using CRISPR to enhance human traits, ushering in a new era of genetic inequality? Many countries and laws 

have been already put forward to bring its best outcome. Let’s compare the two sides of the editing technology and learn by 

ourselves. 

Introduction 

The term “smart” has been the current trend in virtually all technological industry. Nowadays, we have smart phones, smart 

TV, smart houses and others. Is it too soon to start having smart babies!!!? The potentiality of having smart babies or designer 

babies as some researchers would describe it is due to the discovery of CRISPRCas9 gene editing technology. Are you ready 

for that? Be...! Hollywood films such as Gattaca (1997) portray gene editing as a common practice where the human race 

frequently uses gene editing to attain the most superior level of genetics. Nonetheless, the film displays how gene editing can 

be linked with a dystopian future as the main character is in the film is portrayed as not genetically capable compared to those 

who undergo genetic editing. The film may be a dramatic example but it shows that the consequences of gene editing could 

bring serious discriminatory repercussions to society. 

He Jiankui, a Chinese researcher, at the Human Genome Editing Conference in Hong Kong on Wednesday, November 28, 2018 

shocked the world when he reported that he’d created the world’s first babies genetically edited with CRISPR: a set of twin 

girls, with a third CRISPR baby on the way. Two months later, a Chinese government investigation unit has found that He 

Jiankui “seriously violated” state laws in pursuit of “personal fame and fortune.” According to a January 21 report from the 

Xinhua state news agency, he avoided supervision, faked an ethical review, and used potentially unsafe and ineffective gene 

editing methods on the children. Since the news of He’s experiment broke, many scientists have affirmed that CRISPR isn’t yet 

safe and precise enough to be used in human embryos. 

Genome editing is a process that can be most simply described as using molecular “scissors” to “cut and paste” human DNA 

— removing unwanted DNA and replacing it with a desirable one. If an embryo’s genome could be edited in-vitro, parents 

might be able to shape their offspring’s genetic inheritance, adding desirable traits as well as deleting undesirable ones. 

Changes made to an embryo’s genome will be passed on to future generations. The implications are many and varied. Clustered 

Regularly Interspaced Short Palindromic Repasts (CRISPR) is home to a wide of applications and potential with the promise 

of altering genes to produce desired trait and treatment of diseases. CRISPR are segments of DNA containing short repetitions 

of base sequences. Each repetition is followed by short segments of "spacer DNA" from previous exposures to a bacterial virus 

or plasmid. Many Bacteria have in their cells adaptive immune system called CRISPR that allow them to detect viral DNA and 

destroy it. When a virus infects a bacterial cell by injecting its DNA, the bacterial CRISPR system allow the DNA to be inserted 

in a site called CRISPR, a mechanism that allow bacteria to record overtime the viruses they have been exposed to and those 

bits of DNA are passed on to cells progenies. Upon another viral attack, the CRISPR DNA transcribes an RNA called a guide 

RNA, a complementary sequence to the target viral DNA which binds to a protein called Cas9 and form a CRISPR-Cas9 

complex. These chimeric complex searches in the cell to find a site that matches the sequences and cut it. Cells have the ability 

to detect broken DNA and repair it which sometimes causes mutation. The technology allows scientist to manipulate the 
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sequence of DNA in a precise manner. CRISPR-CAS9 system is a remarkable tool for greatly simplifying gene manipulation 

(Insertion, deletions, development of knock in and knock out of gene). CRISPR technology is like a software for the genome, 

the Cas9 complex is programmable, scientist program the complex to recognize particular DNA sequence and cut the DNA at 

that site and later inserting a new DNA of interest (gene knock in), or cutting out a gene (gene knock out). 

One Side of the Sword “Advantages” 

1. Arguably, the most important advantages of CRISPR/Cas9 over other genome editing technologies is its simplicity and 

efficiency.  

2. Since it can be applied directly in embryo, CRISPR/Cas9 reduces the time required to modify target genes compared to gene 

targeting technologies based on the use of embryonic stem (ES) cells. Improved bioinformatics tools — to identify the most 

appropriate sequences to design guide RNAs — and optimization of the experimental conditions enabled very robust 

procedures which guarantee successful introduction of the desired mutation. 

3. Genome editing could extend the human lifespan. 

4. Genetic engineering can design foods that can withstand harsh temperatures and that are packed full of all the right nutrients. 

Additionally, it could also be the answer to meet the heavy food demands that are still not met in many countries.  

5. We may also increase the medicinal value of our food thus introducing edible vaccines. According to Jennifer Doudna, 

CRISPR pioneer, “genome editing can address pest and nutrition challenges facing agriculture”. Instead of using tons of 

insecticides and pesticides, we can protect our plan in a healthier way. 

Other Side of the Sword “Limitations” 

1. The molecular mechanism exploited to insert DNA fragments (e.g. cDNAs) is mediated by DNA repair machinery activated 

by the double strand break introduced by Cas9. Since the scope of the DNA repair system is not to integrate DNA fragments 

in the genome, targeted alleles often carry additional modifications, such as deletions, partial or multiple integrations of the 

targeting vector, and even duplications. 

2. Secondary unwanted mutational events at the target locus plague standard ES cell based projects as well, and researchers 

have learned how to avoid generating mice carrying passenger mutations. To identify the correct recombination events in ES 

cells, most laboratories use a combination of positive and negative selection procedures and validation procedures aimed at 

detecting additional mutations at the target site.  

3. When performing the CRISPR/Cas9 procedure directly on embryos, on the other hand, it is impossible to select for the 

desired event, greatly limiting the possibility to identify the desired allele. Moreover, the mosaicism observed in founder mice 

generated using the CRISPR/Cas9 approach makes the identification of unwanted genomic modifications at the target site 

very challenging. 

4. Target sequences may be limited due to PAM sequences. 

5. The effect of off-target can alter the function of a gene and may result in genomic instability, hindering it prospective and 

application in clinical procedure.  

6. A Single guide RNA also known as chimeric RNA is the combination of CRISPR RNA (CrRNA) and trans-activating RNA 

(TrRNA). SgRNA’s 20 base nucleotides are complimentary to the target DNA of interest with a trinucleotide known as 

Protospacer adjacent motif (PAM) adjacent to sequence which is mostly NGG (where N can be Adenine, Guanine, Cytosine or 

Thymine).  

7. Other studies reported that the PAM can also be NRG (where R is Adenine or Guanine). Even though DNA complimentary 

is highly specific based on base pair rule (A-T and G-C) there is still occurrence of off-target with 3 to 5 mismatches within the 

distal part of the PAM. SgRNA 5^' X20 PAM- 3^' (5^' X20 NGG-3^') where X20 is CrRNA contain both non-seed and seed 

sequences with many studies reporting that the seed sequence (mainly made up of 10-12 base pairs adjacent to the PAM) 

control the specificity of RNA guided endonucleases (RGens) and are regarded as more significance than the non-seed 

sequences. 

8. Let’s start with the major objection- modification is unnatural and amounts to playing God. This argument claims, “natural 

is inherently good, and diseases are natural”. They believe that the humans by the millions falling ill and dying prematurely  
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are all perfectly natural. While living longer is already creating social problem today, what about the overpopulated earth after 

scientist remove all the disease in it? 

9. Well, for a moment, let’s ignore what society or ethics has to say. Is it even safe to making changes at the cellular level? Slight 

changes made at the smallest level may lead to unexpected results. What if we manage to wipe out particular disease only to 

introduce a brand new and even more dangerous one? Experimenting in little life still in the womb could lead to complications, 

including miscarriage, premature birth or even stillbirth- all of which are unthinkable. 

10. Diversity in all species of animals is a key to evolution on earth. Genetically engineering our species will have a detrimental 

effect on our genetic diversity- as in something like cloning would. Doesn’t the future generation deserve to see the diversity 

on Earth as we did? 

11. A Well-known fact, gene therapy is very expensive. Okay, let suppose in near future we could eliminate a child’s defected 

generic code. But what if only the very rich and elite could afford it and let the child of poor ones die. If this is going to happen, 

will genetic editing give “justice” to our society? Is government going to pay for all the embryos of the poor family for genetic 

make-up? 

Conclusion 

Thus, many countries and laws have been already put forward to bring its best outcome. With proper laws and control on its 

usage, it will definitely be a huge gift for our human kind. “With great power comes great responsibility” Even though Uncle 

Ben (From movie spiderman) may not have intended for his famous line to become the principle behind genetic research, it 

definitely reflects many of the ethical concerns regarding this new technology. If a rogue scientist tinkering quietly in a lab can 

smash through norms, local laws, and meddle with the human genome to feed his own ego or scientific curiosity, the worry is 

that many more dangerous applications of CRISPR could be in store. What if others are experimenting with CRISPR in ways 

that threaten human life? What if they’re using CRISPR to enhance human traits, ushering in a new era of genetic inequality? 
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Summary of the Article 

Mutation is the sudden heritable change in phenotype or genotype of the organisms. The definitions of dominance and 

recessive are objectively straight forward when we talk about them in terms of the exterior of traits. But the molecular basis for 

dominance and recessiveness can be highly variable. Every gene and allele have its own story. In nature we generally found 

recessive mutants more frequent than dominant. Why so? Let’s check this out and learn by yourselves while reading this article. 

Introduction 

“Sudden heritable change in phenotype/genotype of the 

organisms” we all are aware of this definition. Mutations can 

be dominant as well as recessive in nature but we all learn that 

mutation is always (Most probably) recessive in countryside. 

We also read the same in different literatures. But why 

mutation is always recessive in nature? Before I tell you the 

reason, first you have to understand the difference between 

dominant/recessive genes and expressions.  

The definitions of dominance and recessive are objectively 

straight forward when we talk about them in terms of the 

exterior of traits. But the molecular basis for dominance and recessiveness can be highly variable (Fig.1). Every gene and allele 

has its own story. What do we mean when we talk about dominant or recessive alleles? An allele is an alternative form of a 

gene. A specific allele is dominant with respect to a phenotype if the phenotype is the same, whether the allele is homozygous 

or heterozygous. A recessive allele only shows its phenotype when it is homozygous. Oftentimes, when a mutant allele 

produces a nonfunctional protein or a protein with decreased function, that allele is recessive. In such cases, a heterozygote 

would show the phenotype associated with the functional allele. One example of this type of pattern can be seen in cystic 

fibrosis, which is associated with the CFTR gene. On the other hand, when a mutant allele produces a protein with increased 

function or with a new function, that allele is often dominant which is very rare to be observed. In this case, a heterozygote 

would show the phenotype associated with the dominant allele. Achondroplasia, which is the most common form of dwarfism, 

is caused by dominant mutations in the FGFR3 gene. Due to the dominant nature of the disease-associated mutations in the 

FGFR3 gene, Achondroplasia is caused by only one copy of a mutant allele. 

A given mutation is much more likely to be deactivating or inactivating than it is to be activating or to introduce a new function. 

There are many ways to deactivate or inactivate a protein, such as by introducing a premature stop codon that truncates the 

protein and disrupts its function or by introducing a mutation that changes a key amino acid residue required for its function. 

In contrast, it is much more difficult to introduce an activating mutation, which often involves the specific substitution of one 

key amino acid residue with a certain other amino acid residue that increases its function. In a similar manner, it is also very 

challenging to introduce a mutation in a gene that causes its encoded protein to carry out a new function. Similar to activating 

mutations, this type of mutation would typically involve the specific substitution of a particular amino acid residue or even a 

translocation event that leads to the fusion of two different genes and their encoded proteins. 

A mutation can change a gene slightly, giving a different allele. The new allele can code for a slightly different protein.  If the 

normal allele codes for an active enzyme, the new allele may still code for the same active enzyme, may code for an inactive 
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protein, or may code for an active enzyme that catalyzes a different reaction. Of these options, coding for the same active 

enzyme may be the most common, but then we don't usually notice there's been a mutation. Coding for an inactive protein is 

the next most likely outcome. Recessive mutations inactivate the affected gene and lead to a loss of function. For instance, 

recessive mutations may remove part of or the entire gene from the chromosome, disrupt expression of the gene, or alter the 

structure of the encoded protein, thereby altering its function. Conversely, dominant mutations often lead to a gain of function. 

For example, dominant mutations may increase the activity of a given gene product, confer a new activity on the gene product, 

or lead to its inappropriate spatial and temporal expression. Dominant mutations, however, may be associated with a loss of 

old function and gain of new function. In some cases, two copies of a gene are required for normal function, so that removing 

a single copy leads to mutant phenotype. Such genes are referred to as haplo-insufficient. In other cases, mutations in one allele 

may lead to a structural change in the protein that interferes with the function of the wild-type protein encoded by the other 

allele. These are referred to as dominant negative mutations. 

In nature we generally found recessive mutant more frequent than dominant. Why so? The quick answer to this question is 

Darwin’s theory of natural selection which states that any organism can survive in an environment if it is strong able to compete 

with other. Indeed, some mutant alleles have some benefit even if they are associated with diseases. For example, a mutant 

allele of the HBB gene causes sickle cell anemia when present in two copies, but this same mutant allele confers some resistance 

to malaria when present in one copy. There is a parsimonious explanation for the effect: Dominant deleterious variants are 

quickly removed by purifying selection whereas recessive deleterious variants can "hide" in individuals that carry a dominant 

neutral/advantageous variant. You can think about it this way: In heterozygous carriers (in which the other variant has a 

neutral or positive fitness effect), a recessive deleterious variant has no (strong, depending on the dominance coefficient) 

negative effect on fitness and therefore, in those heterozygotes, purifying selection will not remove the variant (efficiently, 

again depending on the degree of dominance) - it can only act on homozygous carriers of the recessive variant. A consequence 

of that is that the recessive deleterious allele usually segregates at low frequency with most carriers being heterozygous. In 

short: This probably has little to do with there being more recessive deleterious variants per se (even though that might also be 

the case due to the mechanisms you described in your question). In the snapshot we are looking at when we investigate genetic 

data, the likelihood of finding dominant deleterious alleles is way lower than finding recessive deleterious alleles as the latter 

usually just persist for a way longer period of time. 

Conclusion 

Why mutations are mostly recessive in nature? 

Mutations can be recessive or dominant. Generally, mutations are harmful to organisms either as dominant or recessive. 

Dominant Harmful mutations quickly eliminate from population due to their lethal effects. Whereas a recessive Harmful 

mutation needs to be homozygous for their lethal effect to act upon, which takes one generation of selfing to eliminate that 

organism. So that only chance of survival of mutant allele is to be in heterozygous. As I explain earlier mutant alleles most 

probably produces nonfunctional proteins because during mutation single or few base pair alterations, breakages, reunions 

and translocation etc. occurs which is most probably disrupt the function and seldom give rise to new functions which is mostly 

lethal or nonuseful moreover; but on the odd occasions beneficial or surviving too. So there is no effect on organisms till it is 

in heterozygous condition.  When we go for exploring mutant allele, we only found it in heterozygous recessive condition 

because homozygous recessive and dominant (either homozygous or heterozygous) mutations already eliminated from 

population due to natural selection. In case of induced mutation harmful mutants get eliminated from population within two 

generation or several generations in case of self- and cross-pollinated plants, respectively. Whereas silent, non-harmful and 

beneficial mutations get accumulate in population as per our selection objective. But development, identification and isolation 

of beneficial mutants are very rare in case of mutation breeding. Generally, mutation occurs in one strand of sister chromatids 

which lead to development of heterozygous combination of mutant and wild type alleles. Only dominant mutant alleles give 

phenotypes in heterozygous condition and survived if not lethal. Recessive one becomes homozygous in next generation after 

one round of selfing and gives its expression so come in our observation and we again found recessive mutant. 
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Mutation is an actual rare process 

Out of total genome of higher organisms by and large 98 to 99 per cent DNA is act as a junk DNA whereas only 1-2 per cent 

DNA is expressed into proteins. So that most of the mutations occurs in non-expressing regions of the DNA. Most organisms 

developed the mechanisms to protect their DNA from external stimulus such as highly conserved sequences of DNA at 

telomeric and centromeric regions. So, there are very small regions of DNA available for mutagens to act and give mutant 

phenotypes. Vast majority of expressing mutations are lethal (if altered or inactivate major protein for survival) or non-useful 

(if don’t act on major surviving proteins). 
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Introduction 

The system of organic farming is age-old concept and has been in practice since time immemorial in India. World population 

is growing manifold day by day. Hence it is necessary to stabilise agricultural production and also to increase it further in 

sustainable manner. It is realised that the ‘Green Revolution’ with high input use has reached a plateau and is now sustained 

with diminishing return of falling dividends. Therefore, at all cost, a natural balance needs to be maintained for existence of 

life and property. The obvious choice for that would be more relevant in the present era, when these agro-chemicals which are 

produced from fossil fuel and are not renewable and are diminishing in availability. It may also cost heavily on our foreign 

exchange in present and future. Organic farming as a sustainable production management system provides long-term benefits 

to people and the environment. Organic farming is also referred to as ‘green farming’ as it helps in sustainable crop production 

along with a pollution-devoid environment. Thus, in other words, organic farming is relying on the natural process of yield 

benefits so as to maintain a healthy soil, eat healthy food and grow healthy humans. Organic farming is different from 

permaculture. The later depends on organic farming but it also comprises lifestyle into organic gardening or farming.  

As per  the definition  of  the USDA study team  on  organic farming “organic  farming is  a  system which  avoids  or  largely  

excludes  the  use  of  synthetic  inputs  (such  as  fertilizers,  pesticides, hormones, feed additives etc.) and to the maximum 

extent feasible rely upon crop rotations, crop residues,  animal  manures,  off-farm  organic  waste,  mineral  grade  rock  

additives  and  biological system of nutrient mobilization and plant protection”.   

FAO also suggested that “Organic agriculture is a unique production management system which promotes and enhances agro-

ecosystem health, including biodiversity, biological cycles and soil biological activity, and this is accomplished by using on-

farm agronomic, biological and mechanical methods in exclusion of all synthetic off-farm inputs”. 

Basic Need of Organic Farming in India 

Ever increasing population as opposed to an ever-decreasing supply of living resources like food and water has made it 

necessary to increase the agricultural production and stabilize it in a viable and feasible manner. The benefits of ‘Green 

Revolution’ credited to Dr. M.S. Swaminathan have now reached a plateau and with diminishing returns it has become 

necessary to devise alternate techniques. In addition, the excess use of fertilizers and artificial growth regulators has led to an 

issue called ‘pollution’. The need of the hour is a natural balance between life and property for existence. 

Concept and Salient Features of Organic Farming: Organic farming is a much inborn concept to India. It is based on the 

following principles: 

1. Soil as we know it is a living entity. 

2. Nature is the best educator for farming since it is devoid of any external nutrients or additional water. 

3. Organic farming does not mine the soil of its nutrients nor does it degrade the soil for fulfilling the needs of the common 

man. 

4. The living population of the soil is protected and nurtures. The natural micro-organisms in soil are not harmed in any way. 

5. Soil is the main focus of organic farming. The health of the soil and its structure is maintained as it is believed to the most 

important medium. 

Thus, organic farming is a production system that targets at keeping the soil thriving, retaining its good health, cultivating the 

land and then raising crops. This must be done to maintain a pollution-free environment and in an ecological manner. Some of 

the salient features of organic farming: 
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1. Use of organic material and thus protecting soil quality and encouraging biological activity 

2. Indirect delivery of crop nutrients using soil flora and fauna 

3. Use of legumes for nitrogen fixation in soils  

4. Management of weed and pestwith the help of methods like crop rotation, natural predators, biological diversity, organic 

manures, etc. 

5. Livestock rearing, taking care of housing, nutrition, health, rearing and breeding 

6. Maintenance for the larger environment and preservation of natural habitats and wildlife. 

Benefits of Organic Farming 

1. Better Nutrition: Organic food has high quantity of nutrients. Organic farming improves the nutrients of the soil which is 

passed on to the plants and animals. 

2. Helps us stay healthy: Organic foods is chemical free due to non-utilization of chemicals by organic farmers at any stage of 

the food-growing process like convention intensive farming.  

3. Free of poison:  Studies reported that a majority of the population fed on toxics substances used in conventional farming 

have many deadly diseases. As organic farming largely excludes these toxins, it reduces the sickness and diseases due to them. 

4. Organic foods are highly authenticated:  Organic food must undergo quality checks and the creation process thoroughly 

inspected. The same rule applies to international markets.  

5. Lower prices: There is a big misconception that organic foods are relatively costly. But it is actually cheaper because they 

don’t require application of agrochemicals. 

6. Enhanced Taste: Organic food tastes better than conventional food. The sugar content is responsible for the taste in 

organically grown fruits and vegetables. Brix analysis measures the quality of fruits and vegetables. 

7. Organic farming methods are eco-friendly:  Organic farming does not utilize these harsh chemicals so; the environment 

remains protected. But, in commercial farms, the chemicals applied leaches into the soil and severely contaminate it and nearby 

water sources.  

8. Longer shelf–life: Organic food can be stored for a longer time because organic plants have greater structural integrity and 

metabolic activity in their cellular structure than conventional crops. 

Future Prospects 

The movement started with developed world is gradually select in developing countries. But demand is still concentrated in 

developed and most of the countries. Local demand for organic food is still growing. Our country is poised for faster growth 

with growing domestic market. Success of organic movement in our country depends upon the growth of its own domestic 

markets. Our country has traditionally been a country of organic agriculture, but the growth of modern scientific, input 

intensive agriculture has deteriorated the quality of our soil. But with the growing awareness about the quality and safety of 

foods, long term sustainability of the system and accumulating evidences of being equally productive, the organic farming has 

emerged as an alternative system of farming which not only address the quality and sustainability concerns, but also ensures 

a profitable, debt free livelihood option. 

Conclusion 

To conclude with, organic farming in India is a safe venture although it may take a while to establish and become fully 

functional. There are government subsidies available for the commercial aspects. An organic farmer produces cereal crops, 

vegetables, fruit or livestock without the use of chemical pesticides, herbicides or fertilizers. In another way organic farming is 
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kind of agricultural that provide the consumers, with reliable, fresh and tasty food while regarding natural life cycle systems. 

Furthermore, along with numerous health benefits of organic products for consumers, there are vital environmental benefits 

for our land as well. An organic farming keeps reduce environmental pollutions like air, water and biodiversity such air, water 

and soil. Organic agriculture has grown out of the eminent efforts by motivated people to create the best possible relationship 

between the nature and the mortal beings. 
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Abstract 

Adequate food and nutrition are to be made available for the huge global population with the ever-shrinking resource base. 

Rice is the staple food crop for most of the people of Asia, while more than half of the population in the world depends on rice. 

The first-generation progeny (F1) obtained by crossing 2 genetically dissimilar varieties (parents) of rice is called ‘Hybrid Rice’. 

The hybrid combines the desirable characters from CMS line and R line. They exhibit vigour for several quantitative characters 

including yield. Professor Yuan Long Ping, acknowledged as ‘Father of Hybrid Rice’ began his path breaking research on 

Hybrid Rice in China during 1964. Indian Council of Agricultural Research (ICAR) launched a goal-oriented time-bound 

‘National Project on Hybrid Rice’ in 1989. About 29 public bred hybrids and 17 hybrids from private sectors have been released 

for general cultivation India. In India, some popular varieties are KRH 2, PA 6201, PA 6444, PHB 71, Sahyadri, Pusa RH 10 etc. 

To impart the knowledge and necessary skills for hybrid rice cultivation and hybrid rice seed production, appropriate training 

programs were organized for farmers, farm women, seed growers, seed production personnel etc. Future thrusts for large-

scale adoption of hybrid rice in India are: development of rice hybrids with higher magnitude of heterosis, involvement of seed 

agencies of public sectors, NGO’s, farmers’ co-operatives along with private seed sectors to meet seed demand of hybrid rice. 

The prospects of large-scale adoption of hybrid rice are bright but aggressive efforts are very much needed to bring more area 

under hybrid rice cultivation. 

Introduction 

The biggest problem faced by the humanity in the present 21st century is ensuring the food security for the burgeoning billions. 

Adequate food and nutrition are to be made available for the huge global population with the ever-shrinking resource base. 

Rice is life for more than half of humanity. It is the grain that has shaped the cultures, diets, and economies of billions of people 

in the world. Rice is the major staple food crop particularly in Asian countries and also cultivated across the globe to meet the 

challenge of population explosion. Achieving self-sufficiency in Rice production and maintaining price stability are important 

objectives in low income countries. By 2030, the world must produce 70% more rice than it produced till date to meet future 

challenges of hunger. The current situation necessitates looking for some innovative technologies to boost rice production. In 

India, rice is grown in an area of 44.6 million hectare with a production of 109.5 million tones and average productivity of 2.62 

tons per hectare. Projection of India’s rice production target for 2025 AD is 140 million tones which can be achieved only by  

increasing rice production by 2 million tons per year over the existing in the coming decade (Sridhar et al., 2011). Hybrid rice 

is practically feasible and readily adoptable genetic option to increase the rice production (Viraktamath, 

http://www.rkmp.co.in). In the 1970’s, Chinese scientists demonstrated that the use of hybrid rice could increase rice yield by 

15-20%. 

Concept of Hybrid Rice 

The importance of hybrid rice in Asia has risen in recent years due to the need of producing more rice for self-sufficiency or 

for export enhancement in various countries. Hybrid technology is based on exploitation of heterosis, a genetic phenomenon 

whereby the first-generation (F1) offspring from crossing two genetically dissimilar parents exceeds the performance of both 

parents in terms of growth, vigour, and economic yield. It is a practically-feasible and readily-adoptable genetic option to 

increase the rice production in present day agricultural system. Since rice is self-pollinated, cytoplasmic male sterile (CMS) 

parent is used as female parent, which is normally called ‘A’ line. The fertility restoring line which is called ‘pollinator’  to the 

female parent is known as male parent. It is generally referred to as ‘R’ line, and is used for hybrid seed production. The hybrid 
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combines the desirable characters from CMS line and R line. They exhibit vigour for several quantitative characters including 

yield. They exhibit buffering capacity to counteract several biotic and abiotic factors that limit productivity. While 

developing/evaluating hybrids, the combinations of varieties that exhibit vigour or heterotic effect for yield are selected. 

Hybrid rice can be developed by two distinct systems, viz. Three-line system & Two-line system respectively. Professor Yuan 

Long Ping, acknowledged as ‘Father of Hybrid Rice’ began his path breaking research on Hybrid Rice in China during 1964. 

Package for Cultivation of Hybrid Rice 

Activity Requirement 

Seed Rate 12 – 15 kg / ha 

Seeding density (in nursery) 25 – 30 g / m2 

Spacing 15 cm × 15 cm or 20 cm × 15 cm 

Seedling / hill One or two 

Nitrogen level 120 – 150 Kg / ha (based on soil fertility & local recommendation) to be given in 3 splits 

Phosphorus & Potassium 60: 60 kg / ha. Potash given in 2 splits 

Plant Protection Need based 

Historic Chronology of Hybrid Rice Development 

Year Major Achievements 

1926 Heterosis in Rice reported. 

1964 China started Hybrid Rice research. 

1970 China discovered a commercially usable genetic tool for hybrid rice. (male 
sterility in a wild rice = Wild Abortive) 

1973 PTGMS rice was found in China 

1974 First commercial three-line rice hybrid released in China. 

1976 Large scale hybrid rice commercialization began in China. 

1979 IRRI revived research on hybrid rice. 

1981 PTGMS rice genetics and application was confirmed. 

1982 Yield superiority of rice hybrids in the tropics confirmed (IRRI). 

1990s India and Vietnam started hybrid rice programs with IRRI. 

1991 More than 50% of China’s Riceland planted to hybrids. 

1994 First commercial two-line rice hybrid released in China. 

Research and Development of Hybrid Rice in India 

The strong foundation laid for hybrid rice research as well as hybrid seed production through the consultancy missions of chief 

consultants Prof. Yuan Long Ping, Dr. S.S. Virmani and Dr. Ikehashi and other knowlegeable Chinese consultants, study tours 

and fellowship trainings of a large number of Indian scientists in reputed institutes in China and other countries as well as at 
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IRRI, Philippines helped in accelerating the research work on hybrid rice 

across India (Hari Prasad et al., 2014). Some of the important events related to 

hybrid rice development in India are as follows: 

1. IARI, New Delhi launched a goal oriented, time bound National Project on 

Hybrid Rice in 1989. 

2. 29 public bred hybrids and 17 hybrids from private sectors released for 

general cultivation. 

3. It has been estimated that hybrid rice has been grown in area around 0. 

56m.ha. (1.25%) of total rice area during 2004 and now estimated to be 5 m.ha. 

and it is still increasing. 

4. Strong seed production capacity in private sector i.e. above 95% of the 

annual hybrid seed is produced and marketed by private sector. 

5. PusaRH-10 is the 1st super fined grain Basmati type aromatic hybrid 

developed in India during 2001 with yield potential of 4.50t/ha. 

6. In India U.P. has the maximum area under hybrid rice and other states are 

Bihar, Chhattisgarh, Jharkhand, Punjab, Haryana, Maharashtra, Karnataka 

and Goa. 

7. Based on available indications, it is expected to increase Hybrid Rice area 

will be increased to 15 m.ha. in 2025 respectively. 

8. Strengthened with the assistance from UNDP/FAO (1991). 

9. National Hybrid Rice Network- 12 centers including 30 voluntary centres represented by public, private and NGO sectors 

(Hari Prasad et al., 2014).  

10. DRR, Hyderabad –Co- coordinating center. 

Technology Dissemination and Capacity Building Programmes in Hybrid Rice Across India 

To impart the knowledge and necessary skills for hybrid rice cultivation and hybrid rice seed production, appropriate training 

programs were organized for farmers, farm women, seed growers, seed production personnel of public and private seed 

agencies, extension functionaries of State Departments of Agriculture, officials of SAUs and NGOs etc. The duration of training 

program varied from 1-21 days. In all 535 training programs were conducted throughout the country and 15160 participants 

were trained. Two winter schools were organized and 47 participants were trained at DRR, Hyderabad. 

Research and Cultivation Status of Hybrid Rice in West Bengal 

Hybrid rice technology is not so popular in West Bengal. Hybrid rice research was started in West Bengal in 1991. The varieties 

released in West Bengal are CNRH 1, CNRH 2 and CNRH 3 by Chinsurah Rice Research Centre. The cultivated arear mainly 

concentrated in North Bengal districts like Coochbehar, Jalpaiguri, Maldah, North Dinajpur and South Dinajpur and in some 

South Bengal districts like Bankura, Purulia, North 24 Pgs., South 24 Pgs. and Nadia. The main varieties cultivated in West 

Bengal are KRH 2, PA 6444, PA 6201, Sahyadri 4, DRRH 2, JKRH 401, DRH 75, Suruchi, CNHR 3 (Govt. of West Bengal, 2010). 

Future Thrusts for Large Scale Adoption of Hybrid Rice Across India 

Despite having great potential to enhance production and productivity of rice in the country, hybrid rice has not been adopted 

on large scale as was expected. To mitigate several constraints like inadequate magnitude of heterosis, undesirable grain 

quality, less and untimely availability of hybrid rice seeds etc. the following future strategies may be included: 

1. Development of hybrids with higher magnitude of heterosis, with better and acceptable grain qualities. 

2. Research on upgradation / refinement of hybrid rice production technology for increased productivity. 

4. Transfer of advanced technology and capacity building of stakeholders. 

5. Seed yield to be increased to 2.5 – 3.0 t/ha along with reduction in cost of production including replacement of GA3. 

6. Development of research-extension-market linkage network for adoption and large-scale cultivation of hybrid rice in India. 

Fig: Hybrid rice research network in India 
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Conclusion 

Hybrid rice cultivation has become very popular in the favorable rainfed areas where rice is grown by using ground water, 

mainly in the eastern parts of the country. The current base yield of different inbred varieties of paddy under rainfed upland 

is low and the yield of hybrid rice under on-farm testing is reported at 4-4.5 tonnes/ha, with a net yield gain of about 30-35 

percent, which will help substantial enhancement in production (Janaiah and Xie, 2013). In the special mission mode 

programme to bring Green Revolution in eastern India, greater emphasis is being given for enhancing rice production and 

hybrid rice adoption is one of the key components identified, as it is the eastern India, where hybrid rice technology has made 

an impact. The prospects of large-scale adoption of hybrid rice are bright, if grain quality of the hybrids is improved and proper 

policy and institutional interventions are forthcoming. Aggressive efforts are needed to bring more area under hybrid rice by 

involving all the stakeholders. 
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Abstract 

Climate change is threatening to push the number of hungry even higher in the near future due to new challenges to agriculture 

and food production. Major challenges posed by climate change to agriculture and food production are the more frequent and 

severe drought, floods, higher pressure from insects and diseases. One of the effective ways for crop production to grow or at 

least to stay stable under new challenges from climate change is through improved varieties developed by plant breeding. The 

fundamental breeding strategies to cope the challenges posed by climate change is to develop varieties with different growth 

durations to escape or avoid predictable occurrences of stress at critical periods in crop life cycles, shifting temperature optima 

for crop growth and re-emphasizing population breeding. Corn genetic resources have been used in breeding varieties adapted 

to cultivation from sea level to over 3,000 masl, as in Nepal.  The Sub1 rice tolerant to flood developed by breeders can survive 

total submersion for more than two weeks. 

Introduction 

Small changes in a weather pattern over years lead to Climate change. Human activities have affected climate change in many 

ways since the industrial revolution leading to global warming. Both, Climate change and agriculture are global process. Global 

warming affects agriculture in a number of ways such as changes in average temperatures, rainfall, climate extremes (e.g., heat 

waves); changes in pests and diseases; changes in atmospheric carbon dioxide and ground-level ozone concentrations; changes 

in the nutritional quality of some foods (Milius, 2017) and changes in sea level.(Hoffmann, 2013). Agriculture is struggling to 

meet increasing demand of food in many parts of the world as natural resources-including soils, water and biodiversity are in 

danger and ocean health declining day by day. The food security challenge will only become more difficult and the world will 

need to produce more food. 

Environmental stresses have become more frequent and aggravated by rapid climate change in recent decades, and plant 

breeding is an essential part of the solution. Challenges posed by climate change can be efficiently counteracted by use of 

improved varieties developed by plant breeding. Use of improved varieties has been practiced for several decades worldwide 

by professional plant breeders and by farmers, with a proven track record over centuries. The fundamental breeding strategies 

to cope the challenges posed by climate change is to develop varieties with different growth durations to escape or avoid 

predictable occurrences of stress at critical periods in crop life cycles, shifting temperature optima for crop growth and re-

emphasizing population breeding. Currently drought, heat tolerance and water-use efficiency are subjects receiving the most 

focus in breeding programs around the world. Corn genetic resources have been used in breeding varieties adapted to 

cultivation from sea level to over 3,000 mean sea levels, as in Nepal.  The Swarna Sub1 rice tolerant to flood developed by 

breeders can survive total submersion for more than two weeks. 

Breeding Stratigies and Achievements 

Plant breeding can develop varieties to cope with climate change through many different techniques ranging from simply 

selecting plants in farmers’ fields with desirable traits for propagation, to more complex classical or molecular techniques.  

Several breeding strategies used by plant breeders to develop climate resilient varieties are Germplasm Collection, Selection, 
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Mutation Breeding, Marker Assisted Selection, Transgenic Technology, Participatory-Evolutionary Plant breeding and 

Genetic Enhancement. In all cases, the emphasis will be on identifying and using sources of genetic variation for tolerance/ 

resistance to a higher level of abiotic stresses. The two most obvious sources of novel genetic variation are the gene banks and 

the farmers’ fields. World gene banks contain genetically diverse plant collections: improved crop varieties, traditional varieties 

and wild crop species. Genetic material held in gene banks can be provided to farmers to sustain changing farming systems to 

future climate changes. Planting of “Evolutionary” breeding populations has to be adopted throughout the world. Breeders 

can use data mining to evaluate changing weather susceptibility and tolerance in the present genetic resources. Data mining 

information can help breeders in finding temperature and photoperiod sensitive germplasm which can be used for further 

genetic improvement of crop plant.  

Large number of abiotic stress-tolerant genetically modified crops have been developed in tobacco (Hong et al., 2000); 

Arabidopsis thaliana and Brassica napus (Jaglo et al., 2001); tomato (Zhang and Blumwaldt, 2001); rice (Yamanouchi et al., 

2002); and maize, cotton, wheat, and oilseed rape (Yamaguchi and Blumwals, 2005; Brookes and Barfoot, 2006). Genetic 

engineering approaches have been applied to developed plant varieties which contain reduced levels of stress-related enzyme 

poly (ADP-ribose) polymerase. Plants containing reduced level of poly (ADP-ribose) polymerase showed better survival ability 

to drought (Brookes and Barfoot, 2008). SNP markers are being used to screen populations and SNP variation provide insight 

into functional genetic variation. Next-generation sequencing and transcriptome analysis facilitates the study of gene 

expression. Such kind of studies can be used in genetic selection for better adaptation of commercial genotypes which can 

perform well under stress. Conventional approaches can be integrated with modern techniques for better estimation of genetic 

variation within and between populations.  

In India several climate smart varieties have been developed till date by utilizing conventional and molecular approaches of 

plant breeding. Short duration and drought tolerant varieties of rice such as Sahbhagidhan, Anjali and Naveen can withstand 

upto 2 weeks of exposure to dry spells in rainfed areas and are developed by conventional breeding efforts. Swarna-sub1 rice 

variety is a major achievement with respect to subbmergence tolerance and perform better under flood situation. Heat tolerant 

variety Kufri Lima and frost tolerant variety Kufri Sheetman of potato has been developed to tolerate extreme heat and frost. 

Conclusion 

We have to look for an integrated approach i.e. both conventional and molecular approach which will play an important role 

in understanding the mechanism of resistance to various stresses posed by climate change. Functional genomics made it 

possible conduct high throughput sequencing, genotyping and resequencing, which aid in identifying the genes that show 

response to various stress tolerance. Decision support tools are going to play a vital role helping to set priorities and targeting 

research and scaling of climate smart options. 
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Introduction 

In recent agriculture, nanotechnology is paving way towards greatest imperative tools and likely to become a driving economic 

force in the coming years. Nanotechnology works on different chemical agents and novel delivery systems to device crop 

productivity and reduce the use of bulk agrochemicals. Nanotechnology may afford keener solutions for the current problems 

in the field of agriculture as well. Applications of nanotechnology in agriculture include delivery of nutrition and 

agrochemicals, nano-scale carriers, pesticides, smart packing, detection of nutrient deficiencies, nanosensors, and a wide array 

of applications. At the present time, nano-fertilizers are increasingly been used as replacements to bulk fertilizers and reduces 

the pollution of soil and water by different harmful agrochemicals. Nano-fertilizers enable the steady and slow release of 

nutrients and thereby reduce the loss of nutrients and boost the nutrient use efficiency. Thereby, improving the nutrient use 

efficiency and reducing the cost of environmental protection. 

What is Nanotechnology? 

Nanotechnology is a new scientific approach that uses materials and equipment capable of using physical and chemical 

properties of a substance at nano levels to explore the biological and material worlds in nanometer-scale (Fakruddin et. al., 

2012). Nanotechnology is the science and technology of minute things which are less than 100 nm in size. One nanometer is 10- 

9 meters. 

Nanoparticles 

Nanoparticle is defined based on the size at which fundamental characters different from those of the corresponding bulk 

material. Nanoparticles overlap in size with colloids, which ranges from 1 nm to 1 mm in diameter (Banfield and Zhang, 2001) 

also, the physical properties of nanoparticles are different from the properties of the bulk material (Buffle, 2006). 

Methods of Nanoparticle Production 

1. Top-down systems: where tiny manipulations of little number of atoms or molecules fashion elegant patterns, through 

mechanical-physical methods like grinding, milling and crushing for producing nanoparticles, this method use for producing 

Nano composites and Nano-grained bulk materials like metallic and ceramic nano-materials in extensive size distribution (10 

- 1000 nm). 

2. Bottom-up system: numerous molecules self-assemble in parallel steps, as a function of their molecular recognition 

characters, this processing produces more complex structures from atoms or molecules, also, this method produces a uniform 

controlling sizes, shapes and size ranges of nano materials. Usually this method used for preparing most of the nano-scale 

materials (1 - 100 nm), it is playing an essential role in the production of nanostructures and nanomaterials. 

Advantages of Nanotechnology 

There are various advantages that nanotechnologies offer due to the unique functional properties of nanoparticles and 

materials like: 

1. The higher solubility of nanoparticles in suspension. 

2. The higher surface area and particle size of the nanoparticles, which facilitates penetration of seed coats and subsequently 

emerging roots. 

3. Better bioavailability of molecules to the seed radicals (Dehner et. al., 2009). 
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Limitations 

1. NPs produce waste toxic materials which if contacted with soil and aquatic environment can cause contamination/ pollution.  

2. NPs also depend on environmental factors like temperature, pH, solubility, etc. hence if these factors are altered, it may alter 

the function of NPs. 

Biosynthesis of Nanoparticles 

For the synthesis of nanoparticles, many chemical methods are available which utilises toxic chemicals so the need of the hour 

is to use environmentally gentle, greener and ecofriendly means. Researchers are keen on experimenting on various biological 

entities like fungi, bacteria, actinomycetes, higher plants, and viruses for nanoparticles synthesis as they can also reduce the 

salts to nearby nanoparticles. Different biological sources have been used for the synthesis of nanoparticles and are being used 

in agriculture for precision farming (Bansal et. al., 2014). For example, zinc oxide nanoparticles can solve this problem by 

providing more soluble and available form of zinc to plants due to their higher reactivity in comparison to micron- or 

millimeter-sized zinc particles present in bulk. 

What Nanotechnology Can Do in the Field of Soil Science? 

The world demand for fertilizer was forecast to increase by 4.8 per cent to 170.4 million metric tons by 2011. Therefore, there is 

an urgent need to tackle the excessive usage of pesticides and fertilizers by 

1. Finding alternatives to current pesticide and fertilizer deployment, 

2. Rapidly and locally detecting presence of nutrient levels and 

3. Developing methods for either removal of agrochemicals or degradation to promote soil health.  

Nanotechnology might be able to make soils more capable in order to improve efficient nutrient use for greater productivity 

and better environmental security. Nutrient management with nanotechnology must rely on two important factors, i.e., 

presence of ions in plant available forms in the soil system, and since nutrient transport in soil-plant systems relies on ion 

exchange (e.g., NH4+, H2PO4−, HPO42−, PO43−, Zn2+), adsorption-desorption (e.g., phosphorus nutrients) and solubility-

precipitation (e.g., iron) reactions, nanomaterials must facilitate processes that would ensure availability of nutrients to plants 

in the rate and way that plants demand. Since clay minerals are responsible for controlling these reactions, they could be used 

as receptacles. Iron nanoparticles also have excellent soil binding properties, which help in formation of soil macroaggregates 

and microaggregates (Liu and Lal, 2012). With nanofertilizers emerging as alternatives to conventional fertilizers, buildup of 

nutrients in soils and thereby eutrophication and contamination of drinking water may be eliminated (Bhalla and 

Mukhopadhyay, 2010). 

Fig. 1. Schematic diagram illustrating the link between mobilization, immobilization, bioavailability, and remediation of 

heavy metal (Bolan et al., 2014). 
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Fate of the Metal-Based Nano-Particles in Soil 

1. Soil nanoparticles: Soil matrix comprises of colloidal fraction, clay fraction, silt fraction, sand fraction, and gravel and each 

fraction have specific properties and roles within this matrix. The smallest fraction or ‘‘ultrafine’’ fraction in soils always gets 

special importance as this fraction governs the soil physical and chemical properties, such as cation exchange capacity, anion 

exchange capacity, soil water holding capacity, tortuosity, particle aggregation, etc. Because of its large surface area, large 

percentage of surface atoms with unbalanced charge, large number of surface functional groups per unit of mass the ultrafine 

fraction dramatically changes the physicochemical properties of soil. Recently significant amounts of different NPs have been 

produced, and in one way or another, will be deposited or discarded into the soil. 

2. Natural nanoparticles: Naturally-present colloids and macromolecules in soils are nanoparticulate and microparticulate 

clays, organic matter, iron oxides and other minerals play an important role in biogeochemical processes. Generally, 

nanoparticles are present in soil in two broader categories like nano-minerals and mineral NPs. Nano-minerals are defined as 

the minerals that only exist in this size range, e.g., certain clays and Fe and Mn (oxyhydr) oxides whereas mineral NPs are 

defined as minerals that can also exist in larger sizes, e.g., most known minerals. The formation of natural nanoparticles that 

are present in volcanic dust, most natural waters, soils, and sediments, has been governed by the different soil, geological, and 

biological processes. The NPs may also be formed in soils as a result of biotic processes. 

3. Manufactured Nanoparticles: Anthropogenic or man-made nanoparticles are being and will be produced for its use in 

different arenas in future. Different manufactured nanoparticles (MNPs) are being heavily used by the industries which will 

be ultimately deposited in soil, e.g., Use of ZnO-nanoparticles in solar cell device as the photoelectrode; Ag-NPs are integrated 

into consumer and medical products; TiO2-NPs are being used in cosmetics, sunscreens, paints and coatings; cerium dioxide 

(CeO2) NPs are being used as a catalyst in the automotive industry. 

Applications of Nanotechnology in Soil Science 

In today’s world, the nanotechnology is the upcoming revolution after the semiconductor revolution which has the potential 

to open doors to completely new applications in many ways: 

1. Nano-fertilizers: Nano-fertilizer technology is very innovative. Significant increase in yields has been observed due to foliar 

application of nanoparticles as fertilizer. It was shown that 640 mg ha-1 foliar application of nano P gave 80 kg P ha- 1 equivalent 

yield of clusterbean and pearl millet under the arid environment. Currently research is underway to develop nano-composites 

to supply all the required essential nutrients in suitable proportions through smart delivery systems. Fertilizers encapsulated 

in nanoparticles will increase the uptake of nutrients. In the next generation of nano fertilizers, the release of nutrients can be 

triggered by an environmental condition or simply at desired specific time. 

2. Biosensors: Nanotechnology is playing an increasingly important role in the development of biosensors. The performance 

and sensitivity of biosensors is being upgraded by using nanomaterials for their assembly. With the use of these nanomaterials, 

there has been the introduction of many new signal transduction technologies in biosensors. Instruments which are portable 

and capable of analyzing multiple components are becoming accessible. The nanobiosensors are effective devices to detect the 

composition of the soil, i.e. the nutrients and also the toxic substances in the soil. In this way, we can plan techniques such that 

the composition of soil is suitable for the respective crops and the toxic substances such as metals are dealt with properly. A 

microbial biosensor is an analytical device with a biologically integrated transducer that produces a calculable signal signifying 

the analyte concentration. This method is ideally suited for the analysis of extracellular chemicals and the environment, and 

for metabolic sensory regulation. These microbial sensors are integrated with many more micro/ nanodevices to overcome the 

limitations like low sensitivity, poor selectivity and impractical portability. 

3. Smart Delivery of Nutrients: A smart delivery system for agriculture should consider the factors or combination of factors 

such as time controlled, specifically targeted, highly controlled, remotely regulated/ pre-programmed and multifunction 

characteristics to avoid biological barriers for successful targeted release of required nutrients. The nanoscience has greatly 

impacted the conventional delivery systems by eliminating the limitations such as leaching, degradation by photolysis, 
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hydrolysis and bio-instability in atmosphere. This results in repeated use of pesticides and insecticides causing higher cost of 

cultivation and environmental pollution. Nano-encapsulated chemicals should be designed in such a way that they possess all 

necessary characteristics like stability, enhanced targeted activity, time-controlled release in response to certain stimuli, 

effective concentration, solubility, and less eco-toxicity with safe and easy mode of delivery thus avoiding repeated 

applications. There are various means through which this delivery system can be put to use. 

Conclusion 

Nanotechnology guarantees a discovery in improving our presently retarded situation of nutrient use efficiency through 

fertilizer nanoformulation, breaking yield and dietary quality obstructions through bionanotechnology, advancement of new-

age pesticides and safe carriers, removal of pollutants from soil and water bodies, and use of clay minerals as receptacles 

involving nutrient ion receptors, restoring soil fertility, recovery of salt-affected soils, precision water management, checking 

acidification of irrigated lands, and stabilization of erosion-prone surfaces, to give some examples. In brief, nanotechnology 

has the potential to improve the environmental remediation system by preventing the formation of secondary by-products, 

decomposing some of toxic pollutants by zero waste operations, and prohibiting further soil contamination by converting the 

pollutants from labile to non-labile phases. Nanotechnology is fit for being utilized in in agricultural products that protect 

plants and screen plant growth and detect diseases. Scientists are still looking for new applications of nanotechnology in 

agriculture and the food industry. It can also be concluded after understanding ongoing research worldwide that major 

scientific research on plant nutrition and fertilizer industry will shift their accent towards nanotechnology, while it will gain 

prominent place in soil science research. 

Future Prospect 

There are some future prospects and researchable issue in agriculture relevant to nanotechnology are: 

1. Development of Nano-sensor to monitor soil quality. 

2. Development of Nano-magnets for soil contaminant retrieval 

3. Development of Nano-membrane for water treatment and purification. 

4. Fertilization and herbicides application through NPs. 

5. Synthesis of Nano-fertilizer for soil and plant application. 

6. Establishment of baseline information on safety, toxicity and adaption of NPs in soil and adequate life. 
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The Indian agriculture is going to witness a very tantalizing balance between inputs and outputs nitrogen (N). The demand of 

escalating population for require enough and high-protein food in substantial N inputs into various agroecosystems to confirm 

high production levels. Year by year demand and rate of N input has been increase in various agroecosystems often leads to 

increased crop production and yields (Liu et al., 2010). The field experiments consistently demonstrate that the proportion of 

added N taken up by the crop plants tends to decline with increasing N inputs (Cassman, 1999). Thus cropping systems, 

application of high N inputs may lead to diminishing food production returns as fertilizer N inputs increase (Cassman et al., 

2003; Tilman et al., 2002). But a large portion of this fertilizer don’t be utilized by the crop plants due to lower nitrogen use 

efficiency (NUE). The lower value of NUE in cereal crops is occurred due to different types of losses such as ammonia 

volatilization, leaching of nitrate nitrogen, surface run-off, and denitrification. This lower NUE value is responsible for higher 

cost of crop production as well as for environmental pollution. Nitrogen use efficiency (NUE) is very important factor for crop 

production, particularly for cereal crops. The value of NUE differs from crop to crop. Efficient use of nitrogen is very important 

to maintain the economic sustainability of cropping systems. 

Low Nutrient Use Efficiency and Environmental Pollution 

1. The increase in grain production has been associated with a major decline in fertilizer nutrient use efficiency, especially N, 

and with widespread environmental damage.  

2. The low nutrient use efficiency may be attributed to fertilizer overuse. 

3. Poor fertility status of Indian soil 

4. Low organic carbon content in Indian soil 

5. Fertilizer application is not often based on real-time nutrient requirements of the crop and/or site-specific knowledge of soil 

nutrient status.  

6. Less efficient crop variety for N acquisition and mobilization. 

7. Poor root growth of crop variety for N utilization. 

8. The intensive cereals-based cropping system  

9. This large amount of basal fertilizer-N is prone to loss over an extended period because the plants require time to develop 

their root systems and a significant demand for N. 

10. Due to large field-to-field variability of soil N supply, broad-based blanket recommendations for fertilizer N for cereals 

cannot help increase N use efficiency beyond a limit (Adhikari et al., 1999). 

11.  Among many factors that influence N use efficiency, one potentially important factor is the uncertainty faced by the farmer 

in deciding the amount of fertilizer N to be applied (Lobell, 2007). 
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SSNM for Improve NUE 

Site specific nitrogen management (SSNM) comprises quantitative information of field specific variability in crops requisite N 

and providing power of expected soil N. The fundamental underlying statement of this concept is to establish an optimal 

synchronization between supply and demand of N for plant growth (Giller et al., 2004). On the basis of what and when type 

of decisions is made, SSNM can be grouped in two categories, A) prescriptive SSNM, (2) corrective SSNM (Dobermann et al., 

2004). In case of prescriptive SSNM before sowing on the basis of soil’s N providing amount the power and time of application 

are analyzed. On the other hand, in the corrective SSNM diagnostic tools are used to assess nitrogen status of the crop. Example 

of some promising diagnostic method for corrective SSNM in cereals are Chlorophyll meters (SPAD), leaf color charts (LCC) 

and nutrient expert. The interpretation of these recorded data is serving as the basis for decisions about quantity and timing of 

N applications (Schroeder et al., 2000). Newly, some non-invasive optical approaches based on leaf absorbance, greenness, or 

reflectance of light by the whole leaf have been advanced. These comprise use of chlorophyll meters (SPAD meter), ground-

based remote sensors, leaf color charts (LCC), and aerial, digital, and satellite imageries. Over the last decade, LCC, chlorophyll 

meter, and hand-held Green Seeker optical have been obtainable in India to development N use efficiency in cereal-based 

cropping systems. 

Table 1. Effect of SSNM for Improving NUE in Cereals Crops 

S.No. SSNM for improving NUE in cereals crops References 

1 Real-time N managing using LCC four on the LCC characterizes greenness 
equivalent to SPAD value anywhere between 35 and 37, it was initiate to be the 
threshold value for inbred rice varieties predominant in northern India. 

(Bijay-Singh et al., 2002). 

2 A dose of 30 kg N/ha at transplanting as inflexible N management proved to be 
suitable for achieving high yields of rice and NUE. 

Bijay-Singh et al. (2012) 

3 Under northwest Indian conditions For direct wet-seeded rice grown, LCC shade 
3 was found to be the threshold value  

(Bijay-Singh et al., 2006). 

4 Using the Green Seeker optical sensor, the amount of added N fertilizer required 
by rice or wheat was determined by pleasing the difference in estimated N 
uptake between estimates of yield probable with no added fertilizer N and with 
fertilizer N application and an efficiency factor. 

(Bijay-Singh et al. (2002, 
2013) 

5 The maximum tillering stage greenness of wheat leaves at was a function of N 
applied at planting and crown root initiation stages, and that wheat grain yield at 
maturity was determined by the level of greenness of leaves at maximum tillering 
stage as stately by SPAD meter. 

(Bijay-Singh et al. (2002, 
2013) 

6 LCC three, fourth, and fifth as the critical values for basmati, inbred, and hybrid 
rice cultivars 

Shukla et al. (2004) 

7 N management approach involving of application of a basal dose of 25 kg N 
ha/ha at planting, 45 kg N ha/ha at first irrigation, and 30 or 45 kg N ha/ha at 
second irrigation stage depending on the color of the leaf to be LCC shade 4 or < 
LCC shade 4, which resulted in high yield levels as well as better agronomic and 
recovery competences of fertilizer N in wheat. 

Varinderpal-Singh et al. 
(2012) 

Conclusion 

Thus, it is concluded that improved synchronization between the supply and the uptake of N by the crop or various cropping 

system. The shift from blanket application of N fertilizers to site-specific need-based fertilizer N management strategies. That 

way to improve nitrogen use efficiency in cereals crops. 
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Introduction 

Irrespective of being resistant or susceptible all plants respond to pathogen/parasite attack. After nematode infection the host 

plant triggers immune responses by reacting to the invasion through several different but complementary processes. Plant 

immune responses against PPNs include the cell wall reinforcement, secretion of anti-nematode enzymes, the production of 

anti-nematode compounds, production of reactive oxygen species and nitric oxide, localized necrosis and increase in 

peroxidase activity, lignin deposition and hypersensitive response–mediated cell death.  As a consequence, to these the 

induction of a coordinated resistance strategy ultimately leads to accumulation of defense gene products. Speed and extent of 

the plant response to the intracellular signaling determines the outcome of a plant-pathogen interaction.  In this review, it is 

imperative to know about the chemical reactions and the different recognition systems that activate the host immune response. 

Recognition of PPNs 

In general, pathogens are perceived by several different recognition systems in plants (Jones and Dangl, 2006; Dodds and 

Rathjen, 2010). The first recognition system is mediated by the perception of pathogen-associated molecular patterns (PAMPs) 

and damage-associated molecular patterns (DAMPs) released by the disrupted host plant tissues. PAMPs and DAMPs are 

perceived by cell surface–localized pattern recognition receptors (PRRs), leading to pattern-triggered immunity (PTI) (Hou et 

al., 2019). PPNs are known to induce PTI in plants, e.g - ascaroside, an evolutionarily conserved nematode pheromone, is the 

first and only nematode PAMP identified so far (Manosalva et al., 2015). 

Secretion of Anti-Nematode Enzymes 

In nematodes, chitin is the main component of the egg shell and makes up part of the pharyngeal lumen walls. As a reaction 

to nematode invasion chitinase activity and transcript levels are upregulated in the host plant leading to chitinase production 

that degrades the cell wall and lumen walls of nematode. However, there is currently no genetic evidence connecting plant 

chitinases to resistance against PPNs. 

Production of Anti-Nematode Compounds 

1. Phenols: Plants produce secondary metabolites in response to PPN invasion. For instance, chlorogenic acid, a phenolic 

compound, is produced in various plants including solanaceous plants carrots and rice suggesting a common defense response 

against PPN infection. Another phenolic compound, phenylphenalenone anigorufone accumulates at the infection sites. 

2. Flavonoids: They constitute a large class of secondary metabolites in plants. Some flavonoids play important roles in PPN 

resistance by functioning as nematicides, nemastatic compounds (which do not kill but inhibit their movement), repellents, or 

inhibitors of egg hatching (Chin et al., 2018). These flavonoids that have anti-nematodal activity mostly belong to the classes of 

flavonols (e.g., kaempferol, quercetin, myricetin), isoflavonoids, and pterocarpans (e.g., medicarpin, glyceollin). Kaempferol 

inhibits egg hatching while , quercetin, and myricetin are repellents and nemastatic to M. incognita juveniles (Wuyts et al., 

2006b). Medicarpin inhibits the motility different nematode species  in a concentration-dependent manner (Baldridge et al., 

1998). Similarly, patuletin, patulitrin, quercetin, and rutin are nematicidal for infective juveniles of Heterodera zeae, a CN (Faizi 

et al., 2011). 

3. Phytoalexins: Phytoalexins are compounds which are released by plants in defense, also known as plant antibodies. 

Isoprenoids is a group of phenolic compounds which contains toxins such as Rishitin, Gossypol, Oaracin, Tomatine and 
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Chaconine. It also includes Antifeedant like Azadarachtin, Saponins and Sesquiterpenoid lactones. They also contain 

phytoecdysone and which affect nematode growth & moulting. Compound like Glycinieclepin affect hatching of PPNs egg. 

Citral and menthol hinder host finding whereas Asparagus glycoside inhibits cholinesterase. Another compound named 

Anigorufone has high nematicidal activity because of the formation of large lipid–anigorufone complexes in the nematode 

bodies and it is also known as an antifungal phytoalexin. However, the toxic mechanism of anigorufone in PPNs and its 

relationship to the formation of large lipid–anigorufone complexes remains to be determined. 

4. Proteinase inhibitors: Inhibition of proteolysis may disrupt capacity of plant protein digestion. Trypsin inhibitor gene 

affecting. Globodera infestation on potato PI have been identified to affect nematode development and survival Inhibition of 

proteolysis may disrupt capacity of plant protein digestion Trypsin inhibitor gene affected Globodera infestation on potato PI 

have been identified to affect nematode development and survival Advantage:  Protein inhibitors are non-toxic, they can be 

expressed in each cell, leading to control of a broad range of nematode species. The cowpea trypsin inhibitor, CpTI, expressed 

in transgenic potato influences the sexual fate of newly established G. pallida, more towards becoming male, but doesn’t reduce 

the fecundity of the females so formed. CpTI reduces fecundity of females of M. incognita without influencing their fate. A 

modified rice cysteine proteinase inhibitor (cystatin) Oc-ID86, expressed as a transgene in Arabidopsis thaliana, has a profound 

effect on the size and fecundity of females for both Heterodera schachtii and Meloidogyne incognita. No females of either species 

achieved the minimum size they require for egg production. Ingestion of Oc-I D86 from the plant was correlated with loss of 

cysteine proteinase activity in the intestine thereby suppressing normal growth, as required of an effective antifeedant plant 

defence. The rice genes, Oc-I and Oc-II were the first plant cystatins (Cysteine PI) to be cloned. 

Apart from phenolic compounds other nematiciadal chemicals such as α-terthienyl, asparagusic acid and isothiocyanates are 

produced by marigold, asparagus and crucifers repectively are also secreted which have toxic effect on nematodes. 

Cell Wall Reinforcement 

PPNs must penetrate the cell wall for feeding, reinforcement of cell wall structure has been implicated as an effective defense 

as a physical barrier. For instance, PPN infection often induces accumulation of lignin in resistant plants (Dhakshinamoorthy 

et al., 2014). The effectiveness of lignin accumulation for suppressing nematode infection is also supported by plant immune 

inducers such as β-aminobutyric acid (BABA), thiamine, and sclareol. BABA, a non-protein amino acid, has broad efficacy 

against viruses, bacteria, fungi, and oomycetes also (Cohen et al., 2016). Similar to lignin accumulation, callose deposition and 

suberin accumulation may also reinforce cell walls and contribute to immunity against PPNs. 

Genetic Resistance 

“Resistance” as applied to nematode control is normally interpreted as the prevention or limitation of nematode multiplication 

resulted by the expression of specific host genes. Some sources of nematode resistance are complex traits inherited in a 

polygenic manner and the genes involved in these resistance mechanisms cannot be identified easily. Others are conferred by 

a single dominant resistance gene (R gene) in the host plant that may interact specifically with a corresponding avirulence 

(Avr) gene in the nematode. R proteins act as 'guardians' of the plant target and recognize changes in the host protein elicited 

by the pathogen effector. A defence response cascade is then initiated, often culminating in a hypersensitive response (HR). 

Susceptibility occurs when there is no R gene present and hence parasitism occurs. 

Hypersensitive Response Cell Death in Inhibiton of Nematode Development 

Hypersensitive reaction occurs in response to wide range of pathogens and parasites.HR-cell death, a type of programmed cell 

death that is induced after the invasion of avirulent pathogens to prevent the spread of biotrophic pathogens caused due to 

cell swelling, lysis of cellular constituents, disintegration of plasmalemma and leakage of cell contents plays a crucial role in 

PPN immunity.  

HR-cell death has been observed at three different phases of PPN infection in resistant plants: (1) in the cortex and epidermis 

during PPN penetration and migration (Khallouk et al., 2011; ), (2) in vascular tissues during the initiation of feeding cell 

formation ( Melillo et al., 2006), and (3) in cells adjacent to developing feeding cells ( Seo et al., 2014).During PPN penetration 

and migration, cell death is also often observed in susceptible plants, but it is less rapid and less frequent than in resistant 
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varieties ( Sobczak et al., 2005). HR-cell death may inhibit nematode migration, but it is not clear if HR-cell death stops PPN 

movement directly, or indirectly by releasing nemastatic or nematicidal chemicals or DAMPs to activate other immune 

responses. 

Conclusion 

The knowledge of plant defense system at molecular basis enable us to have information about the resistance genes involved 

in the plant defense. The manipulation of resistance genes can be done to produce resistant varieties of crop plants against 

PPNs. 
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Common name Tamarind 

Scientific Name Tamarindus indica 

Hindi name Imli 

Family Caesalpinae 

Distribution 

Tamarind is native to dry savanna of tropical Africa. In ancient times it was introduced to Asia by Arab traders. In Tamil Nadu, 

it is being extensively cultivated in Dharmapuri, morappur, Krishnagiri, Anjatti and Hosur areas. 

Physiognomy 

Tamarind is a medium large-sized evergreen tree, up to 24 m in height and 7 m in girth. The bark is brownish or dark grey and 

fissured longitudinally and horizontally. Leaves are paripinate and 15 cm long. Leaflets vary from 10-20 pairs; oblong and 

measure 8.30 x 5.10 mm. Flowers are bore in small terminal, dropping racemes on current season's growth.  

Pods are 7.5 - 20 cm long, 2.5 cm broad and 1 cm thick, more or less constricted between the seeds, slightly curved, brownish - 

ash in color. A tree in Urigam Village (Dharmapuri) possesses long pods measuring 30-45 cm. There are 3 to 12 seeds in each 

pod which are obovate, oblong, compressed with a shallow, oblong pit on each side of the flat face, 1.5 x 0.8 cm, and smooth 

dark brown and shining. Seeds are contained in loculi, enveloped by a tough, leathery membrane, the so-called endocarp. 

Outside the endocarp is the light brownish, red sweetish, acidic, edible pulp, traversed by a number of branched, ligneous 

'strands. The pod shell is fragile and easily separable. 

Phenology 

Tamarind flowers from April - July in most areas of South India. Peak flowering occurs during May - June. New leaves appear 

in May and are closely followed by the flowers and occasionally fresh leaves and flowers are seen in September in Calcutta 

region. Fruits nature during winter season in South India. Time and duration of anthesis varies with prevailing weather 

conditions in different locations. Anthesis occurs as early as 5.30 am and continues up to 8.30 am with peak anthesis at 6.30 am. 

Silvicultural Characters 

It is a light demander; very sensitive to frost; drought resistant. It is deep rooted and wind-firm; slow-growing. It coppices 

fairly well; produces root suckers freely. 

Climate and Soil 

It is a tree of tropical climate, tolerating temperatures up to 470C but is very sensitive to frost and fire. Prefers mean annual 

rainfall of 500 to 1500 mm and tolerates water logging. But also grows well with only 350 mm annual rainfall if watered for 

establishment. It can be grown under a variety of soils raging from gravelly to deep alluvial. It thrives best on deep alluvial soil 

with adequate supply of moisture. 

Nursery Technique 

Pods are collected during February - April. The fruits are dried in sun; the outer shell is removed by hand or by beating with a 

mallet; the seed is separated from the pulp by hand kneading and washed in water. Washed seeds are dried under shade ad 

stored. Seeds from crown collection are superior to those of ground collection. About 1800-2000 seeds weigh one kg.  
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Seeds are normally sown directly in sand medium or polybags. Germination takes place in 5-10 days and is completed in 30 

days. Young plants grow fast on porous soil and a soil mixture of 1: 1: 1 red soil, sand, and farmyard manure.  

A low-cost technology of soaking for 24 hr in a solution prepared by dissolving handful of cow dung or cow's urine (1: 1 in 10: 

1 water) results in vigorous seedling to the extent of 75- 80 per cent. One-year old seedlings are field planted at a spacing of 10 

x 10 m. A full-grown tree yields 180-225 kg of fruit and 80 kg of seeds per tree. 

Planting 

One-year old seedlings are planted at a spacing of 7m X 7m in pits. Seedlings are fit for planting out in July to August. 

Utilization 

All plant parts find some use, but the most useful is the fruit which contains sweetish acidic pulp. The Tamarind of commerce 

which is widely used for souring curries, sauces, chutneys and certain beverages. The pulp is also employed in medicine. 

Leaves boiled along with gingili oil is applied to relieve swelling caused by sprains / fractures and also to relieve pain. Pulp 

mixed with sugar and made into Tamarind balls is used for seasoning other food. Refreshing acid drink and syrup are also 

made. Leaves serve as good fodder. Tender leaves, flowers and young seedlings are used as vegetable. Seeds are eaten after 

roasting or boiling. Powdered seeds are used as cattle feed. Processed seed powder is used in confectionery. Kernels contain a 

polysaccharide having very good sizing properties and extensively employed as a source of sizing powder in cotton and jute 

industries. The tree yields valuable timber, hard and difficult to work. The tree is extensively used for avenue planting. 
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Common name Eucalyptus 

Scientific Name Eucalyptus tereticornis 

Family Myrtaceae 

Distribution 

Native to Australia, E. tereticornis was first introduced in the Nandi hills (Karnataka) by Tiuppu Sultan between 1782 - 1790. 

Now it is grown over one lakh ha in Peninsular India. Extensive plantations have been raised to meet the needs of fuel wood, 

small timber and pulpwood in Punjab and Haryana, where area under forest is negligible. It has been planted in strips, 3-6 

rows deep along highways, canals and railways. Large scale plantations of the species were taken up in Uttar Pradesh from 

1962 onwards. 

Physiognomy 

It is a tall tree with stout trunk, attains a height of 50 m. It is an evergreen, glabrous tree usually secreting an aromatic gum. 

The leaves and flowers contain conspicuous oil glands. Leaves of the saplings are generally opposite, sessile, cordate and held 

horizontal; those of the adult tree as a rule are alternate, petiolate and held vertical. Flowers are borne in umbels usually 

pedunculate. Calyx tube encloses the ovary which is covered with a deciduous operculum. The operculum is much longer than 

calyx and is formed by the union of the petals and falls off entire when the stamens emerge. Flowers are white in color. Fruit 

consisting of the enlarged calyx-tube is usually hard and woody, full of resin sacs. Seeds are numerous but a large proportion 

of these is abortive and sterile seeds outnumber fertile ones. Bark is grey, exfoliating in long flakes. 

Phenology 

It flowers almost throughout the year. The capsules are collected six months after anthesis when they just turn dark brown. If 

the capsule is left for long on the tree it will burst and shatter the seeds. Hence capsules are collected and kept in trays / 

tarpaulins. After sun-drying for 3 or 4 days, the empty capsules are removed. Mature seeds are dark brown / black in color. 

The seeds retain viability for up to 5 years. 

Silvicultural Characters 

It is a light demander. It produces good coppices freely and vigorously. It is a fast-growing species and adaptability to a wide 

range of soil and climatic condition. 

Climate and Soil 

It grows up to an altitude of 500 m. It is sensitive to frost. It grows in alluvial, black cotton, gravelly, lateritic, and skeletal rocky 

and murram soils and even on shifting sand dunes. Highly calcareous, very saline and alkaline soils, clay and kantar pan is 

limiting. Deep, fertile and well-drained loamy soil gives best growth. Temperature range tolerated is 0-48°C. It is suited for the 

plains receiving a rainfall of 800-1000 mm. The tree prefers sandy loam to loamy soils within a pH range of6.00 - 7.5. 

Nursery Technique 

Seeds are sown in raised beds measuring 1 x 1 x 0.15 m. after wetting the bed, sieved seeds @ 5 g m-2 are mixed with a small 

quantity of sand and evenly spread on the bed. The seeds are covered with a film of soil. The nursery beds need to be kept 

moist by watering at least twice daily. A mulch of hay prevents soil erosion during watering. Watering is done through a fine 
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rose. BHC 10% has to be applied on the bed to prevent ants/termites. Five and 10 days after sowing 2% copper fungicide must 

be applied. Germination starts on the 5thday. Since seedlings are sensitive to extreme sunlight, the bed has to be protected by 

a shade-screen during the first fortnight. Thirty-day old seedlings are gently lifted from the bed and containerized in 200-gauge 

polypots measuring 20 x 10 cm. The polypots are filled with 4: 1:1 mixture of red soil, sand and FYM. After wetting the filled 

polybags seedling are pricked one per polypot. The pricked-out seedlings should be provided shade for a week and watered 

twice a day. Six-month-old seedlings are used for planting. The containers must be shifted once every fortnight from the second 

month to prevent rooting. 

Planting 

The seedlings are field planted at a spacing of 2 x 2 m in pits measuring 30 cm3. Quality of seedlings is determined by the 

thickness of the root collar region than by height. The trees are felled at the end of seven years. Thereafter two coppices are 

taken at intervals of five year each. Coppice management is important in eucalyptus. Hundreds of new shoots develop on the 

margin of the cut stem. Felling of the trees prior to or immediately after the monsoon helps in rapid callus formation and thicker 

coppice shoots. Care should be taken to fell the trees with a gentle slope at the cut so that rainwater does not collect as a pool 

and cause decay of the callus tissue. Though hundreds of coppice shoots develop yet only four to five stems ultimately remain 

on the stump and the others are edged out in natural competition. There is no need to manually regulate the number of coppices 

as nature itself does the job. The health and number of coppice stems are positively related to the diameter of the stump. The 

productivity of coppice plantation is generally higher by 20 -25 % than the first seedling plantation. At the end of the second 

coppice growth it is necessary to uproot the roots. Its rotation is about 8 - 10 years. The productivity of rainfed plantations in 

Tamil Nadu Plains ranges from 50 -75 t per ha at the end of seven years. The ratio of first, second and third harvests are 1:1.2:0.8. 

Utilization 

Eucalyptus wood is the main stay of paper industry in Tamil Nadu. Currently, it is used for making packing cases and 70% of 

the requirement in Himachal Pradesh for apple transport is met by this species. Leaves contain oil. Bark yields oxalic acid. It is 

preferred by the farmers by virtue of several desiderata like  

1. Fast growth  

2. Not browsed by cattle 

3. Immunity to pests and diseases 

4. Good coppicing ability. 

References 

1. Silviculture of Indian trees book. 

2. Eucalyptus Australian plant census. 

3. Sunset western garden book.  

4. Eucalyptus its history growth and utilization. 

5. https://eb.m.wikipedia.org/wiki/Eucalyptus  

  

http://www.agrifoodmagazine.co.in/
https://eb.m.wikipedia.org/wiki/Eucalyptus


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            1004 | P a g e  
 

Role of Biodiversity in Nutrition and Health 

Article id: 23953 

Shikha Singh: Research Scholar Human Nutrition, GBPUA&T Pantnagar. 

Diksha Singh: Research Scholar Human Nutrition, GBPUA&T Pantnagar. 

 

Healthy communities rely on well-functioning ecosystems. They provide clean air, fresh water, medicines and food security. 

They also limit disease and stabilize the climate. But biodiversity loss is happening at unprecedented rates, impacting human 

health worldwide, according to a state of knowledge report jointly published by the Convention on Biological Diversity (CBD) 

and the World Health Organization (WHO). 

What is Biodiversity? 

Biodiversity underpins all life on Earth, and refers to biological variety in all its forms, from the genetic makeup of plants and 

animals to cultural diversity. 

What Does Biodiversity Mean for Human Health? 

People depend on biodiversity in their daily lives, in ways that are not always apparent or appreciated. Human health 

ultimately depends upon ecosystem products and services (such as availability of fresh water, food and fuel sources) which 

are requisite for good human health and productive livelihoods. Biodiversity loss can have significant direct human health 

impacts if ecosystem services are no longer adequate to meet social needs. Indirectly, changes in ecosystem services affect 

livelihoods, income, local migration and, on occasion, may even cause or exacerbate political conflict. Additionally, biological 

diversity of microorganisms, flora and fauna provides extensive benefits for biological, health, and pharmacological sciences. 

Significant medical and pharmacological discoveries are made through greater understanding of the earth's biodiversity. Loss 

in biodiversity may limit discovery of potential treatments for many diseases and health problems. 

Nutritional Impact of Biodiversity 

Biodiversity plays a crucial role in human nutrition through its influence on world food production, as it ensures the sustainable 

productivity of soils and provides the genetic resources for all crops, livestock, and marine species harvested for food. Access 

to a sufficiency of a nutritious variety of food is a fundamental determinant of health. 

Nutrition and biodiversity are linked at many levels: the ecosystem, with food production as an ecosystem service; the species 

in the ecosystem and the genetic diversity within species. Nutritional composition between foods and among 

varieties/cultivars/breeds of the same food can differ dramatically, affecting micronutrient availability in the diet. Healthy 

local diets, with adequate average levels of nutrients intake, necessitates maintenance of high biodiversity levels. 

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            1005 | P a g e  
 

Intensified and enhanced food production through irrigation, use of fertilizer, plant protection (pesticides) or the introduction 

of crop varieties and cropping patterns affect biodiversity, and thus impact global nutritional status and human health. Habitat 

simplification, species loss and species succession often enhance communities’ vulnerabilities as a function of environmental  

receptivity to ill health. 

Importance of Biodiversity for Health Research and Traditional Medicine 

Traditional medicine continues to play an essential role in health care, especially in primary health care. Traditional medicines 

are estimated to be used by 60% of the world’s population and in some countries are extensively incorporated into the public 

health system. Medicinal plant such as phytochemicals use is the most common medication tool in traditional medicine and 

complementary medicine worldwide. Medicinal plants are supplied through collection from wild populations and cultivation. 

Many communities depend on natural products collected from ecosystems for medicinal and cultural purposes, in addition to 

food. Lot of synthetic medicines are available for many motives, the global need and demand for natural products persists for 

use as medicinal products and biomedical research that depend on plants, animals and microbes to understand human 

physiology and to understand and treat human diseases. 

Climate Change, Biodiversity and Health 

Seeds are sown in raised beds measuring 1 x 1 x 0.15 m. after wetting the bed, sieved seeds @ 5 g m-2 are mixed with a small 

quantity of sand and evenly spread on the bed. The seeds are covered with a film of soil. The nursery beds need to be kept 

moist by watering at least twice daily. A mulch of hay prevents soil erosion during watering. Watering is done through a fine 

rose. BHC 10% has to be applied on the bed to prevent ants/termites. Five and 10 days after sowing 2% copper fungicide must 

be applied. Germination starts on the 5thday. Since seedlings are sensitive to extreme sunlight, the bed has to be protected by 

a shade-screen during the first fortnight. Thirty-day old seedlings are gently lifted from the bed and containerized in 200-gauge 

polypots measuring 20 x 10 cm. The polypots are filled with 4: 1:1 mixture of red soil, sand and FYM. After wetting the filled 

polybags seedling are pricked one per polypot. The pricked-out seedlings should be provided shade for a week and watered 

twice a day. Six-month-old seedlings are used for planting. The containers must be shifted once every fortnight from the second 

month to prevent rooting. 

Policy Opportunities 

The Millennium Development Goals (United Nations, 2000) specifically call for ensuring environmental sustainability, 

including a reverse in the loss of environmental resources (goal 7); biodiversity in turn has an important role in addressing 

goal 1 (eradicate extreme poverty and hunger) and others that relate to health. These relationships are emphasized in the action 

plan of a consultation meeting organized in Chennai, India in April 2005 by the International Plant Genetic Resources Institute, 

the Global Facilitation Unit for Underutilized Species and the MS Swaminathan Research Foundation. The contribution of 

agrobiodiversity, food and nutrition to address goal 1 and other Millennium Development Goals is the basis for the Convention 

on Biological Diversity which calls for a cross-cutting initiative with implementation drawing on collaboration among the 

Secretariat of the Convention on Biological Diversity, the FAO, the International Plant Genetic Resources Institute and other 

parties. In addition, the relationship between biodiversity and nutrition is highlighted in the Millennium Ecosystem 

Assessment (Wood et al. 2006). Within the sub-Saharan Africa region the sharing of common experiences to make a link 

between policy and research and promotional activities can reinforce understanding of the determinants of dietary 

simplification and foster solutions based on common African values and strong evidence-based science. A slowness of 

satisfactory engagement of the health sector in these activities probably reflects the varied and complex responsibilities of 

health and the clinical orientation of key individuals. Progress at the national level has been made by situating the project 

relative to international efforts addressing non-communicable disease, specifically the World Health Organization (2004) 

Global Strategy on Diet, Physical Activity and Health, and through the efforts of senior members of the project team to develop 

linkages with key personnel in the WHO and through the UN System Standing Committee on Nutrition, which can then assist 

in forging a national level consensus on multi-sectoral approaches. The food-based dietary guidelines are a specific policy 
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instrument that potentially brings together the WHO Global Strategy and sustainable use of biodiversity (World Health 

Organization, 1999; Johns & Sthapit, 2004). 

Conclusions 

Profound changes in developing food systems affect both human health and the health of ecosystems. While sustainable use 

of natural resources holds the promise of self-sufficiency, for large numbers of the populations of developing countries a 

downward spiral of environment degradation and poverty presents the likelihood of continued dependence and malnutrition. 

The emerging nutrition transition and double burden of non-communicable and infectious disease is a manifestation of the 

simplification of ecosystems and diets. 

  

http://www.agrifoodmagazine.co.in/


AGRICULTURE & FOOD: e-Newsletter 
www.agrifoodmagazine.co.in 

e-ISSN: 2581 - 8317 

   

 

Volume 2 - Issue 5 - May 2020                            1007 | P a g e  
 

Commercially Important Value-Added Products of Aonla 

Article id: 23954 

Atul Yadav: Guest Faculty, Department of Post-Harvest Technology, Acharya Narendra Deva University of Agriculture and 

Technology, Kumarganj, Ayodhya -224229. 

Sanjay Pathak: Professor and Head Department of Fruits Science, College of Horticulture and Forestry, Acharya Narendra 

Deva University of Agriculture and Technology, Kumarganj, Ayodhya -224229. 

Arghya Mani: Department of Post-Harvest Technology, BCKV, Mohanpur, Nadia, WB. 

 

Introduction 

Aonla also known as the Indian gooseberry is one of the richest sources of Vitamin C. the deficiency of vitamin c causes various 

diseases such as scurvy, megaloblastic, anemia, failure of wound healing bone formation and rough skin therefore, aonla play 

an important role in human nutrition. The importance of this fruit is also due to its high content of tannin i.e gallotanic acid 

which on hydrolysis yields gallic acid present in aonla fruit has antioxidant property. The stability or retention of vitamin C in 

aonla products due to this polyphenol is a matter of great concern for processors. 

Aonla fruit is very popular for its medicinal property recorded both in Ayurveda and unani system of medicines. This is one 

of the most important fruit which fill the gap of astringent food recommended by Ayurveda system of medicines for a balanced 

diet and sound health. Fruit is acrid, cooling refrigerant, laxative and diuretic. Dried fruit is useful in hemorrhage, chronic 

dysentery diarrhea, diabetes, dyspepsia, cough, anemia and jaundice.  

Aonla fruit is sour and astringent in taste, hence it is not popular as table fruit. The excellent nutritive and therapeutic values 

of fruit have great potentiality for processing in to various quality products which can get position in national and international 

markets. Fruits are also used in shampoos, hair dyes and ink industries. Organic acids and phenolic substances of aonla fruits 

are uses for drugs. Fixed oil derived from aonla fruit has property for promoting hair growth Extracts of aonla fruit has been 

found useful in inhibiting microbial activity. Thus, the various uses of aonla fruits shows immense possibility for establishment 

of various industries.            

Processing of Aonla 

Aonla is not popular as table fruit because of its astringent taste. It has great potentiality. For processing into number of quality 

products. The pulp extraction technique, recipe and flow sheet for preparation of some important products are as under: 

1. Pulp:  

Extraction technique: Fruits → Heating in boiling water (10min) →Separations of segments (removal of seed) 

→Addition of water (in ratio of 1:1) →Passing through pulping machine → Pulp. 

Pulp preservation: Pulp → Adjust pH at 3.5 → Heating upto 850 c → Mixing with 1000 bppm So2 (2g sodium 

metabisulphite /. Kg of pulp) → Filling into HDP Jar or in glass bottles → Sealing → Storage. Pulp can be used for 

preparation of various products such as Jam, Chavan prash, toffee, sauce, chutney, sweets and beverages. 

2. Jam:  

Recipe: Pulp- 1 kg, Sugar – 750g and Citric acid 2g. 

Technique: Pulp → Mixing with sugar → Cooking → Addition of citric acid → Judging of end points (TSS 68%) → 

Filling into clean sterilized bottles → Capping → Storage. 

3. Herbal Jam: As paragus juice (200ml) and Nagauri Ashawgandha powder (50g) can be mixed with anola pulp before 

cooking. Other steps are same as for plain jam. 

4. Toffee: 

Recipe: Pulp – 1kg, Sugar -750 g, Custard powder – 10g, Butter-50g. 
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Technique: Pulp  → Cooking  upto 1/3rd→ Mixing with sugar, custard powder and butter → Cooking upto desired 

consistency → spread on aluminum tray (after putting some butter on surface of tray) with 0.5 cm thick layer → Cooling  

→ Cutting in shape of toffee → wrapping in colored tissue paper → store in glass jar. 

5. Sauce: 

Recipe: Pulp 1 kg, sugar 75 g, sugar, Salt 10g, onion 50g, garlic 5g, ginger 10g, red chillie powder 5g, hot spices 10 g, 

Acetic acid 2 ml and sodium benzoate 0.25g. 

Technique: Pulp → Mix with 25g, sugar (one  third) → Heating → Add extract of onion, garlic, ginger chillies and hot 

spices while heating → Cooking → Add glacial acetic acid and remaining sugar → Heating → Testing of end point for 

desired consistency → Add salt and sodium benzoate (dissolved in water) → Bottling → crown corking → processing 

in boiling water for about 20 minutes → cooling → storing. 

Note: Tomato pulp can also be used for making mixed sauce. 

6. Herbal Syrup:  

Recipe: Pulp 800g, Sugar 900 g, Asparagus root extract 150 ml water 300 ml, citric acid 10 g, Sodium metabisulphite 

1.5 g and Rose essence 0.5 ml. 

Technique: Pulp → Mixing with syrup solution (water + Sugar + citric acid) Addition of asparagus root extract → 

Addition of sodium metabisulphoite (dissolving in small amount of syrup → Mixing of with essence → Bottling → 

Capping → Labeling → Storing. 

7. Candy: 

Recipe: Anola 1kg, water 1liter and sugar 1.25 kg. 

Technique: Mature fruits (Low fiber content variety) →washing → Pricking → Dipping in 2% salt solution (24hrs) 

→washing →Dipping in 2% alum solution (24 hrs) → washing  → Blanching in boiling water (5minutes) → Steeping 

in 50% syrup solution (24hrs) → Steeping in 60% syrup solution (24 hrs) → Steeping in 70% syrup solution (3days) → 

Draining of excess sugar → Drying under shade. upto 15% moisture → coating with sugar/pectin → Packing in 

polythene pouches (400 gauge) for sale/storage.  

Note: Candy can also be prepared from sements of fruit by removing the seeds after blanching.  

8. Shreds:  

Recipe: Grated aonla 1 kg and salt 40 g.  

Technique: Fruits → Washing   → Grating into shreds → Mixing with salt (4%) → Drying upto 15% moisture → 

Packing in polythene pouches (400 gauge) → storage.  

9. Pickle: 

Recipe:  Pickle in oil: Aonla segments lkg, salt 150 g, red chillies powder 50, turmeric powder and nigella seeds 100 g 

each, fenugreek powder 30 g and mustard oil 300 ml.  

Technique:  Fruits → Washing → Blanching (10 minutes) → Seperation of segment and seed removal → Draining of 

moisture → mixing with ingredients and oil → Packing in glass bottles (500 g capacity) → storing. 

10. Aonla Sweet:  

Recipe:  Aonla shred 1 kg, sugar 1 kg, water 0.5 lit and melons seed 100 g.  

Technique: Aonla fruit →Washing → Grating into shred →Little drying/squeezing →Adding in sugar syrup→ 

Cooking upto desired consistency → Addition of melon seed → Making in shape of Laddu → Little drying in shade 

→ Packing in polythene bag/cardboard box →storing.  

11. Aonla Powder:  

Note: Cashew nut, Almond pieces and chironji can also be used in Laddu but storage life is only for a week.  

Technique:  Aonla → Drying → wreaking (remove seed) → Grind into powder → Packing in glass jar → polythene 

pouches → Storing.  

12. Diabetes Powder: 

Recipe: Aonla 1 kg, Guruch l kg and Turmeric 1 kg.  

Technique: Aonla, guruch, turmeric → Grid into fine powder straining/sieving → Packing in glass bottles or 

polythene pouches → storing.  
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13. Trifla Powder: 

Recipe:  Dried aonla 1 kg, dried Bahera 1 kg and dried Harad 1 kg.  

Technique: Remove stone/seed of each aonla, Bahera and Harad → Grind separately to make powder → Mix each 

powder in equal quantity → Packing in glass bottles/polythene pouches → storage.  

14. Fruits are also used in making various other products such as cider, jelly, chavanprash, preserve, fruit bar and various 

medicinal products. The nutritional and therapeutic values of aonla products have better potentiality for the establishment of 

agro-processing industries in the rural areas which may yield the results of social and great economic values. 
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Climate is the primary determining factor of agricultural productivity. The Intergovernmental Panel on Climate Change (IPCC) 

indicates that rising temperatures, drought, floods, desertification and other weather extremes will severely affect agriculture 

system and plant behaviour, especially in the developing world. While the convergence of population growth and climate 

change impends food security on a worldwide scale, the opportunity also exists to address the pernicious threat of famine. 

Climate change also associated with increasing levels of carbon dioxide (CO2) is likely to be affect developed and developing 

countries differentially, with major vulnerabilities occurring in low-latitude regions. Agricultural researchers (worldwide) are 

working to mitigate these and other effects of climate change to increase productivity and production within a limited natural 

resource basis to maintaining food security for huge population. Researcher also work on, to increasing adoptive and resistance 

mechanism of plants to tolerant changing climate situation and defense to other rising biotic and abiotic stress. Plants also have 

self-defense system to coping with stress condition but in severe condition an alternative defense cover require to rising plant 

growth and productivity.  

Agriculture scientist are regularly work on to improve various crop management technologies which offer several major 

benefits under climate change with maintaining sustainability. These include: 

1. Reduce tillage practices with crop residue retention which shield crops against severe climate events like water shortage due 

to global temperature rise. 

2. Improving overall environment of plants for better root growth at genetic potential level. 

3. Diversification of cropping systems helps to control soil borne diseases. 

4. Reduction in emission of greenhouse gases (GHGs) by less use of fuel, application of inorganic fertilizer with more accuracy. 

5. Overall these practices help in improve crop productivity and production.     

Plant Natural Defense System 

In climate change condition a number of problems have started like an increased environmental pollution, rising temperature, 

reduction of soil nutrients and water reserves, flooding and water logging, increase soil salinity condition, decline in the factors 

of production, introduction of new pests and diseases. In these situations, oxidative stress rises due to greater production of 

reactive oxygen species (ROS) such as hydrogen peroxide (H2O2), hydroxyl radical (OH) and super oxide (O2-). These ROS 

reacts with plants membrane, protein and DNA and interrupt their function. ROS also inactivate beneficial enzyme activity 

and disrupt physiological activities of plant which ultimately affect plant growth and yield. To coping this damage plant, 

evolve self-defense mechanism by activation of antioxidant system, which are enzymatic and non-enzymatic i.e. enzymes, 

including ascorbate peroxidase (APX), catalase (CAT), superoxide dismutase (SOD), peroxidase (POX), and glutathione 

reductase (GR), and nonenzymatic antioxidants such as ascorbic acid (AsA), glutathione (GSH), and tocopherols act in 

scavenging ROS; and enhance the level of osmolyte such as proline, sugar acid and glycine-betaine (GB) which maintain 

cellular homeostasis of plants. Other signalling molecule such as secondary metabolites i.e. the phenolics, terpenes and nitrogen 

containing compound like alkaloids. These metabolites have anti-microbial properties and protect plants by decreases the 
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infection from disease. Growth regulators such as Abscisic acid (ABA), Jasmonic acid (JA), Salicylic acid (SA) and ethylene also 

rises during stress condition that regulate various physiological processes. Plant hormone like ABA changes gene expression, 

modulates the up and down regulations of different genes, and improves plant acclimation and adaptation under stress 

condition. Jasmonic acid mainly involve in defense to biotic stress such as wounding. Ethylene also regulates several processes 

in plants, such as germination, flowering, fruiting and plant tolerance to stress conditions. Salicylic acid (SA) participates in the 

signaling pathway referred to the systemic acquired resistance (SAR) and the hyper-sensitive responses (HR). 
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Biotransformation is the chemical modification (or modifications) made by an organism on a chemical compound. If this 

modification ends in mineral compounds like CO2, NH4+, or H2O, the biotransformation is called mineralisation. 

Biotransformation means chemical alteration of chemicals such as nutrients, amino acids, toxins, and drugs in the body. It is 

also needed to render non-polar compounds polar so that they are not reabsorbed in renal tubules and are excreted. 

Biotransformation of xenobiotics can dominate toxicokinetics and the metabolites may reach higher concentrations in 

organisms than their parent compounds. Recently its application is seen as an efficient, cost effective, and easily applicable 

approach for the valorization of agricultural wastes with potentials of enhancing existing bioactive components and synthesis 

of new compounds.     

Drug Metabolism 

The metabolism of a drug or toxin in a body is an example of a biotransformation. The body typically deals with a foreign 

compound by making it more water-soluble, to increase the rate of its excretion through the urine. There are many different 

processes that can occur; the pathways of drug metabolism can be divided into: 

1. Phase І reaction: Includes oxidative, reductive, and hydrolytic reactions. In these types of reactions, a polar group is either 

introduced or unmasked, so the drug molecule becomes more water-soluble and can be excreted. Reactions are non-synthetic 

in nature and in general produce a more water-soluble and less active metabolites. The majority of metabolites are generated 

by a common hydroxylating enzyme system known as Cytochrome P450. 

2. Phase II reaction: These reactions involve covalent attachment of small hydrophilic endogenous molecule such as glucuronic 

acid, sulfate, or glycine to form water-soluble compounds, that are more hydrophilic. This is also known as a conjugation 

reaction. The final compounds have a larger molecular weight. 

Drugs can undergo one of four potential biotransformations: Active Drug to Inactive Metabolite, Active Drug to Active 

Metabolite, Inactive Drug to Active Metabolite, Active Drug to Toxic Metabolite (biotoxification). 

Microbial Biotransformation 

Biotransformation of various pollutants is a sustainable way to clean up contaminated environments.[4] These bioremediation 

and biotransformation methods harness the naturally occurring, microbial catabolic diversity to degrade, transform or 

accumulate a huge range of compounds including hydrocarbons (e.g. oil), polychlorinated biphenyls (PCBs), polyaromatic 

hydrocarbons (PAHs), pharmaceutical substances, radionuclides and metals. Major methodological breakthroughs in recent 

years have enabled detailed genomic, metagenomic, proteomic, bioinformatic and other high-throughput analyses of 

environmentally relevant microorganisms providing unprecedented insights into biotransformation and biodegradative 

pathways and the ability of organisms to adapt to changing environmental conditions. 

Biological processes play a major role in the removal of contaminants and pollutants from the environment. Some 

microorganisms possess an astonishing catabolic versatility to degrade or transform such compounds. New methodological 

breakthroughs in sequencing, genomics, proteomics, bioinformatics and imaging are producing vast amounts of information. 

In the field of Environmental Microbiology, genome-based global studies open a new era providing unprecedented in silico 

views of metabolic and regulatory networks, as well as clues to the evolution of biochemical pathways relevant to 

biotransformation and to the molecular adaptation strategies to changing environmental conditions. Functional genomic and 

metagenomic approaches are increasing our understanding of the relative importance of different pathways and regulatory 

networks to carbon flux in particular environments and for particular compounds and they are accelerating the development 
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of bioremediation technologies and biotransformation processes.[4] Also there is other approach of biotransformation called 

enzymatic biotransformation. 

Oil Biodegradation 

Petroleum oil is toxic for most life forms and episodic and chronic pollution of the environment by oil causes major ecological 

perturbations. Marine environments are especially vulnerable, since oil spills of coastal regions and the open sea are poorly 

containable and mitigation is difficult. In addition to pollution through human activities, millions of tons of petroleum enter 

the marine environment every year from natural seepages. Despite its toxicity, a considerable fraction of petroleum oil entering 

marine systems is eliminated by the hydrocarbon-degrading activities of microbial communities, in particular by a remarkable 

recently discovered group of specialists, the so-called hydrocarbonoclastic bacteria (HCB). Alcanivorax borkumensis, a 

paradigm of HCB and probably the most important global oil degrader, was the first to be subjected to a functional genomic 

analysis. This analysis has yielded important new insights into its capacity for (i) n-alkane degradation including metabolism, 

biosurfactant production and biofilm formation, (ii) scavenging of nutrients and cofactors in the oligotrophic marine 

environment, as well as (iii) coping with various habitat-specific stresses. The understanding thereby gained constitutes a 

significant advance in efforts towards the design of new knowledge-based strategies for the mitigation of ecological damage 

caused by oil pollution of marine habitats. HCB also have potential biotechnological applications in the areas of bioplastics and 

biocatalysis. 

Metabolic Engineering and Biocatalytic Applications 

The study of the fate of persistent organic chemicals in the environment has revealed a large reservoir of enzymatic reactions 

with a large potential in preparative organic synthesis, which has already been exploited for a number of oxygenases on pilot 

and even on industrial scale. Novel catalysts can be obtained from metagenomic libraries and DNA sequence-based 

approaches. Our increasing capabilities in adapting the catalysts to specific reactions and process requirements by rational and 

random mutagenesis broadens the scope for application in the fine chemical industry, but also in the field of biodegradation. 

In many cases, these catalysts need to be exploited in whole cell bioconversions or in fermentations, calling for system-wide 

approaches to understanding strain physiology and metabolism and rational approaches to the engineering of whole cells as 

they are increasingly put forward in the area of systems biotechnology and synthetic biology. 
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At the time of its independence, India was an agricultural dependent economy. And yet the state of Indian agricultural sector 

was dismal. From the lack of investment, a dearth of technology, low yield per acre and many such problems plagued the 

industry. And so, the Indian government took steps to bring about the Green Revolution using HYV seeds. Let us see how.     

Green Revolution 

The Green Revolution started in 1965 with the first introduction of High Yielding Variety (HYV) seeds in Indian agriculture. 

This was coupled with better and efficient irrigation and the correct use of fertilizers to boost the crop. The end result of the 

Green Revolution was to make India self-sufficient when it came to food grains. 

After 1947 India had to rebuild its economy. Over three-quarters of the population depended on agriculture in some way. But 

agriculture in India was faced with several problems. Firstly, the productivity of grains was very low. And India was still 

monsoon dependent because of lack of irrigation and other infrastructure. 

There was also an absence of modern technology. And India had previously faced severe famines during the British Raj, who 

had only promoted cash crops instead of food crops. The idea was to never depend on any other country for food sufficiency. 

So, in 1965, the government with the help of Indian geneticists M.S. Swaminathan, known as the father of Green Revolution, 

launched the Green Revolution. The movement lasted from 1967 to 1978 and was a great success. 

Green Revolution: Introduction, HYV Seeds, Impact on the Economy etc. 
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Features of the Green Revolution 

1. The introduction of the HYV seeds for the first time in Indian agriculture. These seeds had more success with the wheat crop 

and were highly effective in regions that had proper irrigation. So, the first stage of the Green Revolution was focused on states 

with better infra – like Punjab and Tamil Nadu. 

2. During the second phase, the HYV seeds were given to several other states. And other crops than wheat were also included 

into the plan 

3. One basic requirement for the HYV seeds is proper irrigation. Crops from HYV seeds need alternating amounts of water 

supply during its growth. So, the farms cannot depend on monsoons. The Green Revolution vastly improved the inland 

irrigation systems around farms in India. 

4. The emphasis of the plan was mostly on food grains such as wheat and rice. Cash crops and commercial crops like cotton, 

jute, oilseeds etc. we’re not a part of the plan 

5. Increased availability and use of fertilizers to enhance the productivity of the farms 

6. Use of pesticides and weedicides to reduce any loss or damage to the crops 

7. And finally the introduction of technology and machinery like tractors, harvesters, drills etc. This helped immensely to 

promote commercial farming in the country. 

Market Surplus 

The Green Revolution by and far was a success. But now there was another aspect to it. The government had to ensure that the 

benefit of the higher productivity was passed on to the general public. If the farmers kept the grains for themselves then the 

benefit of the higher productivity would be lost. 

But thankfully this did not happen. Due to the high yield and productivity of the farms, the farmers started selling their produce 

in the markets. The portion of the produce which is sold by them is known as market surplus. 

And so, the higher output caused due to the Green Revolution started benefiting the economy. There was a decline in the prices 

of grains and such food products. The common man was able to easily afford to buy them. The government was even able to 

stock grains and build a food bank in case of future food shortages. 

Impact of the Green Revolution 

Increase in Agricultural Production: Food grains in India saw a great rise in output. It was a remarkable increase. The biggest 

beneficiary of the plan was the Wheat Grain. The production of wheat increased to 55 million tonnes in 1990 from just 11 million 

tonnes in 1960. 

Increase in per Acre Yield: Not only did the Green Revolution increase the total agricultural output, it also increased the per 

hectare yield. In case of wheat, the per hectare yield increased from 850 kg/hectare to an incredible 2281 kg/hectare by 1990. 

Less Dependence on Imports: After the green revolution, India was finally on its way to self-sufficiency. There was now enough 

production for the population and to build a stock in case of emergencies. We did not need to import grains or depend on other 

countries for our food supply. In fact, India was able to start exporting its agricultural produce. 

Employment: It was feared that commercial farming would leave a lot of the labour force jobless. But on the other hand, we 

saw a rise in rural employment. This is because the supporting industries created employment opportunities. Irrigation, 

transportation, food processing, marketing all created new jobs for the workforce. 

A Benefit to the Farmers: The Green Revolution majorly benefited the farmers. Their income saw a significant raise. Not only 

were they surviving, they were prospering. It enabled them to shift to commercial farming from only sustenance farming. 
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Fresh horticultural produce especially vegetables are important components in a balanced human diet. They provide 

significant levels of various micronutrients. Fresh vegetables have a short shelf life when they are exposed to ambient 

conditions that destroy their quality attributes (Das and Chandra, 2001). Quality of fresh vegetables is affected by various 

factors including post-harvest handling and storage conditions (temperature, relative humidity, and air properties). The post-

harvest losses for fruits in India ranged between 6.75 to 15.88 per cent and for vegetables it varied from 4.55 to 12.44 per cent 

(MOFPI, 2015).   

Minimum safe low temperatures and high relative humidity are the most important tools for extending the shelf life of most 

fresh vegetables. Temperature is the single most important variable and its improper manipulation causes evident changes in 

the sensory characteristics of fresh vegetables that conditions consumer’s acceptability (Kader, 2010). Abusive storage 

temperature may lead to the reduction of some nutrients, mainly ascorbic acid and may favour the growth of microorganisms. 

Fresh fruits and vegetables probably receive the greatest temperature abuse at the retail level. The influenced quality 

parameters include sensory attributes, vitamins and other nutrients in many fruit and vegetables. Generally, higher storage 

temperatures result in more rapid quality losses of produce, including sensory changes, such as appearance, firmness, and 

odour, and chemical changes, such as increase in respiration rate and change in cell membrane permeability. It is estimated 

that the rate of deterioration of perishables increases two to three-fold with every 10°C increase in temperature. Storage of fresh 

vegetables at lower temperature is helpful to maintain the quality of the vegetables for market purpose.  

Cold chain management can reduce the post-harvest losses. Cold chain management must start at harvest taking into 

consideration time of day when the crops are harvested, initial removal of heat at production site, transportation to farm store 

or cold storage through refrigerated transport. Cooling horticultural commodities has been shown to reduce respiration rate, 

transpiration rate, ethylene evolution to slow ripening, decrease activity of microorganisms and reduce changes like browning, 

loss of texture, flavour and nutrients. Cold chain management allows maintenance of physical and biochemical properties of 

produce which are desirable to consumers. This is nutritionally important since the nutrients in the produce will be maintained 

at high levels if they are not exposed to high temperatures. Post-harvest cooling and maintaining a cold chain is thus the most 

effective way to curb effects of high temperature on perishable horticultural commodities and by maintaining low temperatures 

conducive for a certain commodity, increase shelf life will be realized (Ahmad. and Siddiqui, 2016). 

Table 1: Theoretical Relationship Between Temperature, Shelf Life and Loss of Fruit And Vegetables 

Temperature, oC Relative shelf life Loss per day, per cent 

0 100 1 

10 33 3 

20 13 8 

30 7 14 

40 4 25 

Source: Kitinoja, 2013 

Maintenance of cold chain is therefore very necessary so that we can preserve the commodities at their best possible quality. 

Cold chain management also helps in regulating the market prices of products especially during peak season when there is so 

much of the specific product in the market such that it causes market glut. With a well-managed cold chain, farmers are able 

to store some of their produce for extended periods of time and avoid selling them at very low prices which is necessitated by 
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fear of losing the produce due to poor storage facilities. They then can sell the products when the supply is low and the market 

prices are relatively high. Consequently, both farmers and traders will be benefited by selling the products at reasonable prices 

and since they were well stored, they will be of good quality hence having a better value of money. It is also important since it 

helps farmers, traders and manufactures avoid the high wastage that occurs when there is poor maintenance of the cold chain. 

Avoiding losses in turn results to increased income and thus better livelihoods for all involved. Generally, low temperature 

maintenance (optimum for the specific commodity) at all stages along the supply chain will result in great reduction of losses 

and the produce’s quality will be maintained at high levels which is the goal of anyone dealing with horticultural products. 

The consumers will also benefit by having the products readily available at all times even during the off-season period for such 

commodities hence giving them fresh and nutritious fruits and vegetables among other commodities that can be stored therein. 

However, there are hitches that cause farmers and traders not to maintain the cold chain like high cost of purchase, installation 

and operation of the requisite infrastructure. Most small-scale farmers do not have on-farm cold storage facilities or even 

temporary shades for their produce. In India, most of the cold chain facilities are owned by privately owned big firms while 

small firms own poorly designed cold rooms which lead to breaks in the cold chain resulting to product damage. Besides the 

challenges at production and those associated with post-harvest handling of highly perishable horticultural commodities, 

market access is a problem for the majority of small holder farmers.  

Cooling horticultural products immediately after harvest and maintaining the cold chain along the supply chain is a key in 

slowing down the deteriorative processes and thus extend their shelf life. The cost of conventional cold rooms used by 

commercial operators is out of reach for small holder farmers. As a result, smallholder farmers growing perishable commodities 

are forced to sell them immediately they are ready for harvesting. This exposes them to exploitation by middlemen who buy 

the fruits at very low prices. This situation calls for alternative cold storage options which are appropriate and affordable for 

smallholder farmers. One such technology is the coolbot which is an innovative technology that has been used successfully in 

many countries as a cold storage alternative. This facility helps in maintaining the product storage temperature and relative 

humidity.  

The coolbot controller essentially “fools” an air conditioner into operating at much lower indoor temperatures.  The controller 

also tracks the amount of frost build-up on the coil and periodically stops AC operation allowing the coil to defrost.  The 

concept provides a low-cost way to provide on-farm refrigeration down to 5°C.  While Room AC units were not designed to 

operate at these conditions, the characteristics of these highly-engineered products allow them to successfully operate at these 

off-design conditions (Dubey and Raman, 2013).  

The coolbot controller is installed inside the cooler near the Room AC.  The controller maintains the cooler set point and controls 

the defrost initiation and termination settings.  The coolbot technology has been used in to extend shelf life and to cool and 

reduce rate of on the locally available materials. To introduce and promote this technology for the benefit of smallholder 

farmers in India, there is need to adapt it (build from locally available materials) and test it under local conditions.  

The Coolbot (Fig 1 and Fig 2) is a controller for standard air conditioner which works by manipulating it (air conditioner) to 

cool the storage room to the desired temperature ranging from 0oC to 18oC depending on the optimum temperature range for 

stored commodity. The air conditioner is turned into an air compressor that detects the presence of so much heat in the 

environment and continues to run so as to reduce the temperatures. Even at very low temperatures there is no build-up of ice 

on the evaporator coil which may cut back airflow and impair the cooling process. Without the coolbot, the air conditioner 

alone would go as low as 16oC but not lower than 16oC.  

The Coolbot has multiple sensors and one of them acts as a regulator. When the fins are about to freeze, the sensor makes the 

air conditioner dormant so that it can stop lowering the temperatures until freezing of the fins. The amount of electricity used 

is very little, especially if the storage room is insulated, as compared to when using the normal conventional cold rooms. The 

coolbot cold storage technology is a cheaper alternative for small scale farmers since operation costs are very low due to the 

fact that it does not break up easily. While using the Coolbot fitted with an air conditioner, only one fan is used and this reduces 

the chances of drying out the products. Therefore, with the Coolbot the temperatures will just be kept low without affecting 

the products‟ quality negatively. 
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Fig 1. Coolbot unit 

Fig 2. The Coolbot gadget and air conditioner  

The Coolbot has disadvantages that it takes relatively longer time to cool down and the rate of cooling slows as the 

temperatures drop. For example, it takes about 20 minutes to drop Air conditioner the temperature from 30oC to 7oC and then 

30 minutes to drop from 7oC to 5oC. However, this would not be so detrimental since most horticultural products can get 

chilling injury if they are exposed to temperatures above freezing point but below 5oC. The system doesn’t function well at a 

temperature of 2oC or below. This is an advantage in disguise because the farmers wouldn’t want the temperatures to be too 

low as to get to 0oC since freezing injury may occur on the produce. The system is a viable option for small holder farmers who 

cannot afford the expensive conventional cold rooms since it is cheaper. The technology has not been tested in India to evaluate 

its efficacy to lower storage temperature and extend the shelf life of perishable commodities. 
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As India is rich in diverse agro-ecological conditions, India has an ideal condition for the production of all nine annual oilseeds 

including seven edible oilseeds, viz. Groundnut, Rapeseed-Mustard, Sunflower, Sesame, Niger, Safflower, and Soybean, and 

Castor and linseed as non-edible oilseeds. Besides these nine annual oilseeds, other minor oil-bearing plants of horticultural 

and forest origin, including Coconut and Oil palm, and other non-conventional sources like rice bran, cotton seed, corn seed 

and tobacco seeds also give substantial quantity of oils. 

Importance of Oilseeds in the State Agriculture 

India has a prime place in area as well as in production of oilseeds among the 

major oilseeds producing countries of the world but it is not sufficient against 

the requirement for ever growing population of the country. According to 

estimate by National Council of Applied Economics Research (NCAER) in the 

year 2000-01 that demand for edible oil was 10 million tones against domestic 

production of 7 million tones. NCAER had also forecasted that the demand of 

edible oils would be about 20 million tones per annum by the year 2015 

against the projection of production of edible oils is about 7 million tones per 

annum during the same period. To fulfill the gap of 13 million tones per 

annum, the efforts will have to be required to accelerate growth rate of 

production of oilseeds by 15% per annum against existing growth rate of 4% per annum. For accelerating the production of 

oilseeds, Uttar Pradesh can play a prime role in years to ahead. Uttar Pradesh has rich soil and agro-climatic condition which 

are also suitable for oilseed crops. The irrigation network is better to use the better technology in the cultivation of oilseed 

crops. In spite of better agro-climatic condition, the average yield of oilseeds is low as compared to neighbouring states due to 

some constraints. 

Constraints in Oilseed Production in India 

1. Though these oilseeds are energy rich crops requiring higher inputs with better management practices, more than 85% of 

the area under oilseed cultivation falls under rainfed and grown in energy starved conditions with low inputs and poor 

management practices due to which the total genetic potential of the crop remains unexploited explaining the sharp 

fluctuations and giving rise to high risk. 

2. Due to the higher emphasis on the field grains, the progress has not really been substantial and these crops are generally 

grown in marginal and sub marginal areas where the fertility status of the land is low for the raising of field grains so the 

farmers use these crops just not to keep the land fallow. 

3. As these crops are mostly grown under rainfed, farmers have to gamble with the monsoon to get the expected yield. These 

crops are thus subjected to the vagaries of monsoon and most of the crop suffer due to moisture stress during flowering, peg 

initiation, and pod filling stages. 

4. Most of the cultivars and hybrids developed are drought susceptible and the high yielding varieties are also not suitable. 

They are generally long duration and also do not have higher level of oil content. There is scarcity of short, high yielding input 

responsive biotic and abiotic stress resistant varieties. As compared to cereals there has been failure of hybridization and seed 

multiplication programs 

5. Similarly these crops are generally grown by small and marginal farmers under un-irrigated areas with poor management 

practices.  

Fig. Oilseeds production in India 
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6. These crops are generally grown as intercrop or in mixture with different crops and those places where these crops are grown 

as mono cropping, no crop rotations are practiced resulting in development of pests and diseases.  

7. These crops are highly affected by pests and diseases. Pests like aphids, and diseases like powdery mildew, rust causes severe 

loss in production which can reach as much as 50%. The level of application of plant protection chemicals is also not sufficient. 

8. There has not been a proper transfer of technology from lab to farm. The supply of technology and desired inputs from farm 

institutions to farmers is very poor. 

9. Lack of mechanization and sophisticated machinery for sowing and harvesting of crop as these crops has high scattering 

property at the time of maturity. 

10. Similarly there is lack of suitable post-harvest technology to prevent post-harvest losses and lack of proper storage, grading 

and marketing facilities to avoid deterioration of quality. 

Physiological Constraints of Oilseeds Production 

Physiological constraints in the way of expansion of oilseeds production is the major problem. Poor harvest index of oilseeds 

is one of the physiological constraints to productivity an increased understanding of the physiological basis for seed yield could 

enhance utilization of physiological traits as selection criteria for yield improvement. Physiological aspects of photosynthesis 

and respiration must be demonstrated in sorting out the regulation and function of various components. If there are 

inefficiencies in these systems and if causes can be identified, they would represent legitimate targets for genetic manipulation. 

Properties of rubisco, alternative oxidase, and photorespiration process already loom as opportunities for genetic 

manipulation. First cycle of such research, begun over 50 years ago, in which importance of strong advantages of erect leaves 

in dense canopies and minimum interception by emergent reproductive structures was demonstrated. Plant production is 

driven by photosynthesis. 

How to Achieve High Yield 

1. Maximize the extent and duration of radiation interception;  

2. Use captured energy in efficient photosynthesis; 

3. Partition new assimilates in ways that provide optimal proportions of leaf, stem, root, and reproductive structures; and 

4. Maintain those at minimum cost.  

Flexibility in morphogenesis and acclimation of physiological systems is a key requirement for achieving high and stable 

performance. 

Measures / Strategies that Should be Taken for Increasing the Yield of Oil Seed Crops 

1. Bringing up more area under irrigation. (as drip & sprinkler irrigation) 

2. The Better-quality seed of recommended varieties for the specific area & situations should be chosen and cultivated. 

3. The seed should be treated with fungicide, bactericide etc.  as recommended before sowing of seed in the field.  

4. It is most important to select a levelled field as far as possible and good drainage should be provided for the oil seed crops, 

especially for the kharif crop. Water logging condition is harmful for these crops. 

5. A fine seed bed free from weeds and clods should be prepared to facilitate good germination & stand. 

6. The sowing of the seed should be done at appropriate time with proper row spacing in case of line sowing crop and the 

optimum plant population should be maintained by thinning at 15-20 days after sowing. Early sowing escapes the attack of 

many diseases and pests.  

7. The suitable variety for each crop must be chosen for the tract and season.  

8. Adoption of improved crop production technologies. 

9. The recommended doses of fertilizer for the specific crop should be applied at appropriate time. 

10. The field should be kept free from weeds particularly during first 20 – 30 DAS.  

11. The protective irrigation should be provided wherever possible during kharif season and irrigation should be applied at 

critical stages for rabi / summer crop.  

12. The plant protection measures should be under taken, if needed.  
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13. Harvesting should be done at right time to avoid capsule shattering and reduction in oil content of seed. 

14. Introduction of oil seed crop as intercrops along with cereals in non-traditional areas and also in double/multiple cropping 

sequences.  

15. Strengthening of research and extension system. 

Conclusion 

Though the India has made a significant progress in oilseed production after the yellow revolution but the production has 

become stagnant due several constraints. The country still has to import more than half of its domestic requirement and this 

amount is surely going to increase in the days to come due to increasing population and increased per capita consumption of 

oilseeds. So, it is the high time to support the oilseed growers through the research and development. 
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Introduction 

Garlic is a small underground bulb crop. Botanically it is known as Allium sativum and is a member of Alliaceae or Liliaceae 

family. Due to its strong odoriferous nature garlic is commonly known as stinking rose. Garlic is the oldest cultivated herb. Its 

origin is linked to central Asia. Sumerians were the first to utilize it as medicine (Parekh and Chanda, 2007). Garlic as a whole 

is called either head or knob. But the individual part is known as the Garlic clove. Allicin is the major constituent of Garlic. It 

is formed on crushing, or cutting the Garlic clove. Allicin gives garlic its pungent flavour along with ample of health benefits. 

Garlic is also rich in protein, calcium, magnesium, iron, potassium, zinc, arginine, saponins, polyphenols and selenium. 

Moreover, it is an abundant source of certain vitamins like vitamin A, vitamin B6 and B1 and vitamin C. It is broadly classified 

into two major categories: hard neck and soft neck (Josling, 2005). Garlic is grown in India in the plains during the months of 

October to March. In the northern hills it is grown during September to June and in southern hills from May to October.The 

garlic plant is attacked by many diseases like Fusarium basal rot and damping-off, Insect pests like onion thrips and onion 

maggot at different crop growth stages, which causes losses in yield. It is propagated only vegetative. Garlic is a natural health 

promoter and a wonder drug available from the nature’s lap. It possesses anti-cancer, anti-viral, anti-oxidant and anti-

inflammatory property. Garlic is effective in the treatment of the cardiovascular diseases and lowering cholesterol levels. It is 

really beneficial in ailments like arthritis, gout, stroke, cataract etc. This has gained it the title of super food (Timbo et al. 2006). 

History of Garlic 

The letter garlic is derived from the old English word Garleac i.e. spear leek. The 'gar' means spear (referring to spear shaped 

leaves) and "leac" means leek. The source of garlic dates back from 5000 to 6000 years. It is a native to Central Asia. But it is 

hard to trace the country of its origin. De Candolle, in his article on the Origin of Cultivated Plants, considered that it was 

apparently indigenous to the southwest of Siberia. Then, it spread to southern Europe and turn out to be naturalized, and is 

said to be found wild in Sicily. It is the core ingredient of the Mediterranean region and used very frequently in Asian, African 

and European cooking. Soldiers of World Wars I and II were given garlic to prevent gangrene. It was also used as an antiseptic 

and was applied to wounds to prevent infection. Garlic was even used as currency due to its high rates during this era. In 

ancient Greece and Rome, garlic was employed or repelling scorpions, dog bites and bladder infections. Some Hindus believe 

that during “Samudramathan” when Devas and Asuras were fighting for nectar, two Asuras stealth nectar in their mouth. The 

God cuffed the heads of those Asuras before they could swallow the nectar. As a result, nectar fell down on the earth from their 

mouths in drops. This, later grew into what we today call garlic (Anon, 2008). 

Botanical Description: Garlic is a member of genus Allium (Table 1 and 2). It is closely related to the onion, rakkyo, chive, leek, 

and shallot. Botanically garlic is known as Allium sativum and belongs to family Alliaceae or Liliaceae. It is an underground 

perennial bulb and grows up to 1.2 m (4 ft) in height. Garlic as a whole is called either head or knob. But the individual part is 

known as the garlic clove/bulb lets, that weighs 1 g (approximately). They are grouped together between them embranous 

scales and are enclosed in a thin white, mauveor purple skin, which holds them in a sack. Leaves of garlic are elongated, 

contracted and flat. The flowers are hermaphrodite in nature. The flowers of garlic are grouped together in a globular head, 
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with an enclosing kind of leaf. Among them are small bulbils. Pollination occurs by bees and other insects. Garlic differs in 

size, pungency and colour according to its varieties (Onyeagba et al. 2004). 

Table 1: Synonyms of Garlic 

Poor Man's Treacle 

Star of Envy 

Stinking Rose 

The Bulb of the Tree of Life 

The Fragrant Pear 

Table 2: Botanical Classification of Garlic 

Kingdom: Plantae 

Order: Asparagales 

Family: Amaryllidaceae 

Subfamily: Allioideae 

Genus: Allium 

Species: A.sativum 

World Trade 

Garlic is cultivated in most countries both in the tropic and temperate zones. In Asia, it is commercially grown in China, 

Indonesia, Pakistan, Republic of Korea, Thailand, and India. World trade in Garlic is conquered by the developing countries 

and their share of trade has been growing at the expense of that of the developed countries during the past ten years (FAO, 

2016).  Garlic production is concentrated both internationally and domestically, with 13 billion pounds annually, China is the 

leading producer; accounting for 66 percent of world output. The majority comes from the Shandong Province a prime 

agricultural area located southeast of Beijing. South Korea and India are second and third with 5 percent each, and the U.S. 

ranks fourth with 3 percent of the world production. 

Uses of Garlic 

1. Medicinal Uses: In the Indian subcontinent people use fresh leaves of garlic as salad and a good tasty pickle is also prepared 

from garlic cloves. It is a rich source of carbohydrates (29%), proteins (6.3%), minerals (0.3%) and essential oils (0.1-0.4 %) and 

also contains fat, vitamin C and sulphur. Ascorbic acid content is very high in green garlic. In addition to this garlic have several 

medicinal values. It has antibacterial, antifungal, antiviral and anti-protozoal properties (Nance et al. 2006). In addition to this 

garlic have several medicinal values. It has antibacterial, antifungal, antiviral and anti-protozoal properties. It is helpful to 

cardiovascular and resistant system and has antioxidant and anticancer properties (Morihara et al. 2006).  

2. Other uses: Adhesive present in the sticky juice of bulb is used in mending glass and porcelain. A garlic-derived polysulfide 

is approved for use as a nematicide and insecticide. It protects plants against various infections and used as natural pescticide. 

Garlic is often grown among flowers or root vegetables as a companion plant to protect other plants from being attacked by 

pests. Garlic possesses anti-microbial property at temperatures as high as 120°C. Therefore, it issued as a preservative in deep 

fried foods and meat. A town in Iowa use garlic salt to remove ice from roadways. Fish are attracted towards the scent of the 

garlic; therefore, it is also used for catching fish. Thus, garlic has been used by humans for both culinary purposes and its 

therapeutic benefits (Torok et al. 1994). 

3. Cultivation and Collection: Garlic is cultivated in India in the plains during the months of October to March. In the northern 

hills it is grown during September to June and in southern hills from May to October.  

4. Soil: Garlic grows very well in sandy loam or loam soil. Well drained soil rich in high amount of organic matter provides 

the most ideal texture for garlic development. Excessive wetting must be avoided. The physical properties of the soil are 
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enhanced by adding green manure to it. The ideal pH of the soil should range from 6 to 7. Loose growing soil beds should be 

made available for proper growth of the garlic.  

5. Plantation: The yield of garlic depends on the area, weather conditions, spacing and variety used. In garlic, cloves are used 

for propagation. They are purchased as bulbs from garlic growers or producers. Individual cloves must be separated from the 

bulb two days before planting. They should be planted with the pointed side up. The base of the clove should be planted 1 to 

2 inches below the soil surface. They are planted 2 to 4 inches deep, where winters are severe. A few leaves may sprout from 

the clove after plantation, but they stop growing when cold weather arrives. The root as well as shoot development in garlic 

demands cold treatment for best growth. 

Plant Protection Measures 

1. Removal of Scapes: Scapes are removed as soon as the curling is initiated in the plant. This focuses all the garlic's energy 
into bulb growth. The immature scapes are edible and are sold in the market. Little evidence suggests that garlic bulbs are 
stored well if scapes are not removed from them. 

2. Weed Control: Garlic is a poor competitor with weeds. Unless weeds are controlled early, they can easily overtake young 
garlic plants, causing significant yield sufferers. For conventional (nonorganic) garlic production, application of Roundup TM 
in late August or early September, before planting garlic in the fall, is recommended if perennial weeds are a problem. Use of 
a green manure crop, such as buckwheat ploughed down before going to seed, will lessen annual weed competition. A 
thorough, shallow cultivation before reapplying straw mulch in the spring also will keep down annual weed populations. Be 
sure to use straw free of weed seed as mulch. If desired, a few soil-applied and post-emergence herbicides are registered for 
use on garlic. Always read and follow herbicide label instructions for use. 

3. Insects and pest: A number of potential insect pests include:  Onion thrips. These are small, sucking insects that are most 
prevalent during warm, dry weather. Symptoms include whitish specks on the leaves, which become blotchy in severe cases. 
Use of Safer soaps will help to control the pest and a few chemical pesticides are also obtainable for control.   

4. Onion maggot: Maggots are white larvae, about one millimetre in length soon after hatching, growing to about five 
millimetres after about 15 to 20 days. They bore into the underground stem and cause young garlic plants to yellow and wilt. 
Do not plant garlic after onions or other alliums. Although the maggot can complete two to three generations per year in the 
Midwest, maggot pressure and damage are maximum in the spring.   

5. Army worms: Both the true and fall armyworm are common in the upper Midwest. True armyworm is active in June, while 
fall armyworm migrates from southern states in July and August. If high populations exist and damage occurs, the insect can 
be controlled by using Bt (Bacillus thuringiensis) sprays or other insecticides that are registered for leaf-eating caterpillars on 
garlic.   

6. Wire worms: Wireworms are yellow/brown beetle larvae on-half inch to one and one-half inches long. The worms damage 
roots and bulbs and are most common if garlic is planted in fields following sod. Best control of this insect is to avoid planting 
garlic following sod. You should allow at least one year after sod is turned under before planting a garlic crop.     

7. Nematodes: The primary nematode of concern for garlic growers is the stem and bulb nematode. Invasion of the stem tissue 
occurs first, causing stunting, twisted, and pale leaves, usually followed by rotting of the lower stem and base of the bulb. In 
severely infested fields, young plants become enlarged and deformed and frequently die. The nematodes are primarily located 
in infected tissue, so to control this pest, infected plants should be removed by digging and then burned. Other control measures 
include planting clean seed stock, elimination of volunteer garlic and onions, and proper rotation. Do not plant garlic following 
any member of the onion family, or alternate hosts such as pea, parsley, celery, and salsify.     
8. Diseases: Most garlic diseases are either soil- or seed-borne and usually can be controlled with proper rotation and planting 
disease-free seed. The most common diseases include:  White rot A major disease of commercial garlic. The organism is most 
active when the temperature is cool. Symptoms include premature yellowing and dying of older leaves, stunting, and leaf tip 
burn, followed by destruction of the root system, shoot dieback, and rotting of the bulb. Control by rotating out of allium crops 
for many years 
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The fungus is present in all soils and is usually considered a secondary invader because it attacks plants already weakened by 
insects, mechanical damage, or other diseases. Fusarium is most active at high temperatures. Symptoms are similar to white 
rot, except disease progression is much slower and death of the plant may not occur. Bulbs infected with Fusarium may decay 
further in storage. This disease is controlled by proper crop rotation with non-susceptible crops for four years, removal of 
infected plants, and planting disease-free seed.   

9. Fusarium basal rot: It is a disease which attacks the basal plate region and the roots. The soil-borne pathogen invades the 
roots, resulting in empty, tan-coloured, non-functional roots. The basal plate region may develop a pinkish growth of 
mycelium. First visual symptoms are often the yellowing of the tip and dieback of the shoot during the spring. Warm soil 
temperatures and high soil moisture promote disease development. Since the Fusarium inoculum remains as dormant spores 
in the soil or on plant residue, crop rotation with crops not belonging to the Allium genus (e.g., garlic, onions, shallots, leeks, 
chives) is recommended. 

10. Pink root: The symptoms of this disease occur primarily in warm weather. The fungus infects the roots, causing them to 
turn pink, followed by root dieback. New roots are formed which also become infected. Aboveground symptoms include leaf 
tip burn. Control of this disease is by using at least a three- to four-year rotation without allium.   

11. Penicillin mould: It is a main cause of decay of garlic in storage. The disease appears as masses of blue-green spores usually 
first seen at the base of the bulb. The primary source of inoculum is diseased bulbs used for planting material. When diseased 
bulbs are cracked the air-borne spores readily come in contact with healthy cloves. A blue-green colour is observed on cloves 
in soil and in storage. When conditions are optimum for rapid emergence, the plant may outgrow the disease. Air-borne spores 
spread the disease. If a bulb is infected, do not use the cloves for planting stock. Wash hands after touching the bulb and avoid 
bruising or wounding stored bulbs. Prevent the disease by planting clean stock.   

12. Viruses: Because garlic is clonally propagated, almost all planting stock is infected with some type of virus. The viruses are 
usually mild and do not seriously affect yield, and may even impart attractive characteristics in some varieties. One exception 
is onion yellow dwarf virus, which can cause severe mosaic in combination with other viruses. Any plants exhibiting severe 
mosaic symptoms should be rouged out. Most of the garlic purchased from seed catalogues and other garlic growers contains 
some virus. The most common symptoms of virus infection are colour changes of the leaves. These include mosaics, flecking, 
streaking and mottling. Leaf shape distortion may also occur. Aphids are one vector capable of transmitting some viruses from 
infected to healthy plants. Control of virus diseases is achieved through a grouping of planting healthy cloves, reducing aphid 
populations, proper fertility and water management during the growing season 

13. Harvesting and Curing: Harvest is usually optimum when more than half of the leaves remain green. If the cloves fill the 
skins after cutting bulbs into the half, then the bulbs are ready to harvest. The bulbs should be dug with the shoots and roots 
attached to them. There is no need to wash the bulbs if the soil is not wet. The plant is left for 3 to 4 weeks for curing. After that 
soil is brushed off. But in case the soil is wet, bulbs are washed and then allowed to cure for a few weeks. After tying the bulbs 
in the bundles of 10 to 15 they are allowed to dry in the well-ventilated room. After 3 to 4 weeks of curing, the shoots and roots 
dried down. The tops are cut about one-half to one inch above the main bulb 

14. Storage: Garlic is stored at room temperature with relative humidity ranging from 60 % to 70 %. Domestically, garlic is 
stored humid and dry to keep it dormant. Fresh garlic is stored in cool and dark place. It is traditionally hung in strands called 
plaits or grapes. Continuous bulbs are stored for 8 weeks. But individual cloves will remain fresh only for 3 to 10 days. Peeled 
cloves may be stored in wine or vinegar in the refrigerator. If the tops of the garlic are not removed then it will stay fresh for 
longer time. Avoid refrigeration as garlic may sprout or become bitter. 

15. Supplements of Garlic: Garlic supplements are made from whole fresh garlic, dried, or freeze-dried garlic, garlic oil, and 
aged garlic extracts. Garlic essential oil, garlic oil macerate, garlic powder, and garlic extract are the four major garlic 
supplements. It is also used in the form of juice, syrup and tincture. Garlic is used in the form of pills to aid digestion. Wine of 
garlic is used for treating hair loss. 

16. Essential Oil: Garlic essential oil is obtained by steam distillation of garlic. The essential oil content of garlic cloves is 0.2-
0.5% and consists of a variety of sulfides. Commercially available garlic oil capsules generally contain vegetable oil and a small 
quantity of garlic essential oil because of pungent odors. 
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17. Dehydrated Powder: Garlic powder is mass-produced as a flavoring agent for condiments and processed foods. Garlic 
cloves are sliced or crushed, dried and pulverized into powder. Garlic powder is thought to retain the same ingredients as raw 
garlic; although, the size and amounts of various constituents differ notably. 

18. Oil Macerate: Oil macerates were originally developed for use as condiments. Oil macerate products are made of 
encapsulated mixtures of whole garlic cloves ground into vegetable oil. 

19. Extract: For garlic extract, whole or sliced garlic cloves are drenched in an extracting solution (purified water and diluted 
alcohol) for varying amounts of time. After partition of the solution, the extract is generally concentrated and used. Crushed 
forms of the extract are also available. The extract, especially AGE, contains mainly the water-soluble constituents in garlic and 
a small amount of the oil-soluble compounds. 

20. Safety Issues: Prevention, rather than in therapy, is where the efficiency of garlic probably lies. However, to obtain the 
preventative benefits of garlic, lasting supplementation may be necessary. Although garlic has been used securely in cooking 
as a popular condiment or flavoring and used traditionally for medicinal purposes, it is commonly known that excessive 
consumption of garlic can cause problems. Garlic odor on breath and skin and occasional allergic reactions are recognized. 

Conclusion 

Garlic is consumed all the way through the world. The article established some of the benefits and potential uses of the Garlic 

in curative of different diseases. So, more studies are needed for better utilization and improvement of this medicinal plant. 
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Introduction 

Rapeseed and mustard are the most important oilseed crops of India only next to groundnut but in Bihar, it occupies the 

premier position. Its seeds are known by different names in different places as sarson, raya, rai, toria, lahi, laha etc. Sarson and 

toria (lahi) are known as rape seeds while rai or raya or laha is termed as mutard. It meets the fat requirement of more than 50 

% population. The seed and oil are as used as condiments for preparing pickles and flavouring curries and vegetables. The oil 

is used for human consumption in cooking, as medicines, hair oil, massaging oil. It is also used for manufacturing grease, soap, 

mineral oils etc. The oil cake is used for cattle feed and manure. The leaves of young plants are used as green vegetables as 

they supply enough sulphur and minerals. The tanning industries use its oil for softening leather. For obtaining higher 

production and profit, scientific package and practices needs to be followed as mentioned in different sub-heading- 

1. Climatic requirements: It requires cool temperature during growing period in general and dry weather during harvest. For 

good yield realization, cool temperature, clear dry weather, bright sunshine accompanied with adequate soil moisture are 

essential and these types of favourable conditions are found in northern part of India. It is grown in rabi season from September 

- October to February - March. They prefer moderate temperature of 24-28 oC with an optimum of 20 oC. Brassicas grow well 

in areas receiving 350-550 mm of rainfall. Sarson do well in low rainfall areas where as raya and toria are grown in medium to 

high rainfall areas respectively.  Toria is more susceptible to frost and cold is, therefore, usually sown earlier and harvested 

before the onset of frost.   Rape seed and mustard are long day plants and they do not tolerate to drought and water logging.  

2. Soil: It can be grown in a wide range of soil conditions varying from sandy loam to clay loam but thrive best on medum to 

heavy loam soils. Water logging is very harmful for this crop. Very light soils usually cause a severe moisture stress resulting 

in poor crop growth and yield but if there is any provision of irrigation, they can be grown successfully even on light textured 

soils. An ideal soil pH range is 6.0 – 7.5 but Indian mustard can tolerate salinity and sodicity also with a slightly higher seed 

rate to get optimum plant population. 

3. Land preparation: The rapeseed and mustard need a weed free, fine, firm and moist seedbed for germinating seeds and 

young seedlings. For this purpose, one pre-sowing irrigation must be given if there is insufficient moisture in the field.The land 

should be well prepared first by ploughing deep by soil turning plough followed by two cross harrowing. Each ploughing 

should be followed by planking so that the soil is well pulverized and levelled. Weeds and crop stubbles should be removed 

from the field thereafter. 

4. Sowing time: Sowing time is the most important factor affecting the yield and oil content in the seed and it is an important 

non-monetary input. Since the development of oil in the seed is greatly influenced by the variation in the atmospheric 

temperature, humidity and other biotic factors; sowing either too early or too late will be harmful. Toria must be sown up to 

10th October.  Yellow sarson, mustard (timely sown) and mustard (late sown) should be sown from 10th -20th October, 15th -

25th October and 25th November -7th December, respectively. If sowing is delayed, there is a danger of aphid attack and also 

the crop suffers from cold due to low temperature and ultimately there will be reduction in yield. Sowing of crop should be 

done when the daily mean temperature is around 26-28 oC. Early to mid-September is the optimum sowing time for toria but 
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it shown up to middle of October in some part of the country. When the daily mean temperature will be around 24-26 oC in 

north Indian plains (around middle of October), it is considered best time for sowing of rapeseed-mustard. For late sown 

condition particularly in Bihar, one variety of mustard as ‘Rajendra Sufalam’ can be sown even in first week of December.  

5. Seed Treatment: Before sowing, seed must be treated with Bavistin @2.0g/kg seed or Captan or Brassicol @4.0g/kg seed to 

minimize fungal diseases as a strategy of integrated disease management. To control stag head phases of rust, seeds should be 

treated with Apron @6.0g/kg seed. 

6. Seed rate: In general, 5 kg seed is required for one hectare of pure crop while 2-3 kg seed is needed when grown as mixed 

or intercrop. Seed rate also depends on boldness of seeds and growing conditions. If the seed is bold, a higher seed rate is 

applied. Similiarly, for rainfed or dryland condition, a higher seed rate is recommended. The seeding depth should not exceed 

3-4 cm. 

7. Spacing: Generally, 30 cm is maintained between row to row and10 cm distance is kept between plant to plant for better 

result but it varies between region to region and between mustard, sarson and toria. A plant population of 2.2-3.3 lakh 

plants/ha or 25-30 plants/m2 is considered as optimum plant population. 

8. Method of sowing: Line sowing is always better than broadcasting method. However, in case of high moisture especially 

for toria and in case of paira cropping; broadcasting is adopted to avoid delay of sowing. Generally, 30 cm x 10 cm is 

recommended for toria and sarson and 30-45 cm x 10-15 cm spacing is recommended for mustard varieties. A slight wider 

spacing is recommended for hybrid varieties.     

9. Manuring: This crop responds well to organic manures. Therefore, apply 10-15 tonnes compost/ farm yard manure (if 

available) in the soil before 20-30 days of sowing. It will not only supply nutrients to the crop but also improves the physical, 

chemical and biological conditions and moisture retention capacity of the soil. 

10 Fertilizers: Fertilizers have a great role in substantial increase in yield. However, the response differs according to the crop, 

soil types, climate and fertilizer practices. But in general, a fertilizer dose of 60:40:40:20, 80:40:40:20, 80:40:40:20 and 60:40:40:20 

kg/ha N:P:K:S kg/ha is recommended for toria, yellow sarson, mustard (timely sown) and mustard (late sown) for irrigated 

condition and 30:20:20:10, 40:20:20:10, 40:20:20:10 and 40:20:20:10 kg/ha N:P:K:S is recommended for toria, yellow sarson, 

mustard (timely sown) mustard (late sown) for rainfed conditions, respectively. Under irrigated condi:tion, full dose of 

phosphorus, potash and half dose of nitrogen is applied as basal and the remaining half of nitrogen is top dressed after thinning, 

weeding and first irrigation is over and at the time of flowering but under rainfed condition, full dose of all the fertilizers is 

applied as basal dose. Sulphur has been found very crucial for yield and oil content increase. Therefore, application of about 

20-25 kg S/ha and 25 kg Zinc Sulphate (if found deficient) has been reported good for the crop. There may be higher or lower 

doses of fertilizers as per soil test values and growing conditions. 

11. Thinning and Weeding: Thinning is done to maintain a distance of 10 cm between plant to plant after 2-3 weeks of sowing. 

Weeding is also very essential to avoid competition with the crop for nutrients and soil moisture especially in the early stage 

of crop growth. Hence, a manual weeding after three weeks of sowing is quite necessary to check the weed competition. 

Chemicals can also be used for effective weed control. Nitrofen/Isoproturan @ 1.0-1.5 kg/ha as pre-emergence in 800-1000 

litres of water has been found quite effective. 

12. Irrigation: Although rapeseed and mustard are usually grown as rainfed on the conserved moisture but it responds well to 

irrigation. For toria, one irrigation at flowering stage and two irrigations at flowering and siliqua formation stage are beneficial 

for yellow sarson and mustard. 
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Varieties, Maturity Period and Yield 

 
 
 
 

Toria 

Varieties 
 
 

Maturity period (days) 
 

Yield (ql/ha) 
 
 
 

Toria RAUTS-17 80-90 12 

T-9 90-95 12 

Bhawani 90 10 

Panchali 90-105 11 

PT 303 95-100 12 

Yellow sarson Rajendra sarson-1 100 15 

Swarna 110-120 16 

66-197-3 120-125 14 

Jhumka 90 12-13 

Mustard (Timely sown) Varuna (irrigated/rainfed) 135-140 20 

Pusa Bold (Diara lands, 
Irrigated/rainfed) 

120-145 19 

Kranti (irrigated) 125-130 21 

Rajendra Sufalam 120-135 20 

NRCHB 101 120-135 20 

Mustard (Late sown) Rajendra Rai Pichheti 108-116 14 

Rajendra Anukool 105-115 13 

Rajendra Sufalam 107-117 16.3 

Plant Protection 

Diseases: Out of several diseases the most destructive ones are: 

1. Alternaria Blight: caused by Alternaria brassicae. The pathogen perpetuates through seed and affected plant portion (refuse) 

in the soil. This disease is characterized by the appearance of concentric black spots on leaves, stem and pods. Such pods contain 

shrivelled, undersized seeds.  

Control Measures: Use healthy seeds. Spray Difolatan or Dithane M-45 @2 kg in 800-000 l/ha 10 days interval as soon 

as the symptoms starts. Collect and burn the affected plant portions after the harvest of the crop.  

2. Downy Mildew: This is caused by a fungus and characterized by yellow, irregular spots appear on the upper surface of the 

lower leaves and white growth is visible on the under-surface opposite to spots. If the attack is severe, inflorescence is also 

affected. The affected inflorescence is malformed, twisted and covered with a white powder. No pods are produced on such 

inflorescence.  

Control Measures: Use healthy seeds. Spray the crop with 0.2% Zineb or 0.1% Karathane as soon as the symptoms are 

noticed and repeat the spray 2-3 times at 10 days interval.  

3. White Blister: This is caused by the fungus, Albugo candida. The disease is characterized by white raised blisters on leaves, 

stem, petiole and floral parts which burst and liberate a white powder. Flowers get malformed and become sterile.  

Control Measures: Use healthy seeds for sowing. Spray the crop with 0.2% Zineb or Difolatan as soon as the symptoms 

are noticed and repeat the spray if needed at 10 days interval. Keep the field free from weeds.  

4. Stem rot or stem blight: This is caused by a fungus Sclerotinia sclerotiorum and it is characterized by water-soaked lesion 

on stem and white cottony mycelial growth of fungus. Wilting and drying of plants are seen in severe cases. Stunting and 

premature ripening of plants are also noticed. 

Control measure: Collection and burning of affected plant parts and debris. Follow crop rotation preferably with 

wheat. Spray Carbendazim @0.05% when the disease appears. 

 

Insects Pests: These crops are subjected to the attack of insect pests’ right from the seedling stage to the pod formation stage. 

The major insect pests are as follows: 
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1. Mustard Sawfly: most important seedling pest where the adult fly is orange coloured with black head. The larvae feed on 

the leaves of rape seed and mustard making holes. Sometimes they eat up entire lamina of leaf leaving behind the midribs. It 

appears in the month of October and its peak season of activity is in November. The population disappears suddenly on the 

onset of winter.  

Control measures: Dusting with 5 or 10% BHC at the rate of 20-25 kg per hectare controls the pest effectively.  

2. Mustard Aphid: Both nymph and adult suck the sap of the tender leaves, twigs, stem, inflorescence and pods by means of 

piercing and sucking type of mouth parts. The aphids are green small insects about 2 mm in size. The affected leaves usually 

curl and in case of severe infestation the plant wilt and dry. Due to the attack on the inflorescence, the pod formation is 

adversely affected. The aphids also secrete ‘honey dew’ on which black mould develops which adversely affects the normal 

physiological activities of the plants.  

Control measures: As the cold and cloudy weather favours the pest multiplication, sowing the crop earlier than the 

normal sowing time escape the pest attack. Spraying of crop with Dimecron 100 at the rate of 250 millilitre per hectare 

or Metasystox 25 EC at the rate of one litre per hectare or Rogor 30 EC@1.0l/ha in 1000 litres of water.   

3. Painted Bug of Mustard: Both the nymph and adult suck the sap of leaves and tender stems resulting in poor growth and 

pale yellow colour of the leaves. In a later stage, the insects suck the sap of the pods with the result both quantity and quality 

of seed is adversely affected.  

Control measures: The nymphs can be very effectively controlled with 5 % BHC dust at the rate of 20-25 kg /ha. Use 

of systemic insecticides like Dimecron, Rogor or Metasystox has been found very effective to control both nymphs and 

adults.  

4. Cabbage Butterfly: The full-grown larvae of this pest are 3 to 4 cm in length with bright yellowish-green colour and small 

hairs on the dorsal side. The larvae of this pest feed voraciously on the leaves, branches and pods of the crop. The plants are 

defoliated with the result the small plants die while the grown-up plants suffer in growth and yield.   

Control measures: Hand picking and killing of the caterpillars. Spraying with Malathion 50 EC at the rate of 1.0 l/ha 

controls the pest.   

5. Bihar Hairy Caterpillar: The newly hatched caterpillars remain in clusters on the lower surface of the leaves and feed on the 

epidermis. The grown-up larvae disperse and feed in isolation. They eat away entire leaf tissues leaving only the midribs. If 

the attack occurs at the green pod stage, the entire green tissues of the pods are eaten up resulting in heavy loss to the crop.  

Control measure: Mechanical control should be should be followed by removing infested leaves having first/second 

instar larvae and burying them in soil or dipping in kerosenized water. Spraying of Malathion 50 EC @1.0 l/ha in 500-

600 litres of water.  

Harvesting and threshing: As soon as the pods/siliqua turn yellow/yellowish-brown, harvesting is done by sickle in 

the morning hours to avoid losses by shattering. After harvesting of the crop and stacking at the threshing floor for 

five-six days, threshing is done by beating the pods/siliqua with wooden sticks or by trampling the plant by bullock. 

Thereafter, winnowing is done and seeds should be sun dried before storage to bring down moisture content of the 

seed to 8 per cent. 

Yield: After following proper agronomical and plant protection techniques and using improved varieties, 10-15 q of 

toria, 15-20 q of sarson and 20-30 q mustard can be taken from one hectare of land. 
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Introduction 

The state of Bihar is spread in 9.36 m ha and constitutes about 2.85 per cent of the country’s geographical area. As per statistical 

data about 6.651 m ha had been reported under cultivable but net sown area is 5.67 m ha. As per 2011 census, total population 

of the state was 104099452 and more than 80 per cent population lives in rural areas and the main activity performed for income 

generations is farming. The fact is that at present per capita cultivable land is only 0.06 hectare and is continuing to decline due 

to rapid increase of the state population. 

The diara land in Bihar spread over about 11.57 lakh ha on either side of rivers like Ganges, Burhi Gandak , Gandak, Koshi, 

Sone  etc. As per latest information, about 26 districts out of 38 are reported under diara in Bihar and more than 80 per cent 

populations of the state lives in these districts. 

The diara land is the land which lies in between the natural levees of river which are periodically formed and eroded by 

meandering, braiding and course changing of rivers and remains inundated under flood water for different periods of time. 

The diara agro - ecosystem is spreading in many states like Bihar, Assam, Uttar Pradesh, Odisha etc . In the state of Bihar this 

ecosystem spread in various river system and their potentials are yet to be exploited. The major diara area falls under rivers 

listed in Table 1. 

Table 1: Major Rivers and Distribution of Diara Land in Bihar 

Sl. No. Name of river system Area in lakh ha 

1 Ganga river diara 5.34 

2 Gandak river diara 1.40 

3 Burhi Gandak diara  2.25 

4 Koshi river diara  1.45 

5 Sone river diara 1.13 

               Total 11.57 

The above Table shows that an area of 11.57 lakh ha under diara land in the state of Bihar. Out of the total area of diara Ganga 

river system constitute 5.34 lakh hectare followed by Burhi Gandak, 2.25 lakh hectare, Koshi 1.45 lakh hectare, Gandak river 

1.40 lakh hectare and Sone river 1.13 lakh hectare. Across the river diara area system lands are very fertile and suitable for 

various type of crop production. 

The diara river system includes various district in their bank area. The district administration as well as government of Bihar 

has already taken so many developmental programme related to agriculture. As per various Krisak Hastak " krishak hitkari 

hamari yojna “since 2013-14 to 2019-20 many programmes were organized by state government with the provision of Rs 

1466.430 lakh for distribution of hybrid seeds, PVC pipes for irrigation, extension works etc. But the expected results have not 

achieved up to the desired level due to the constraints like economic, political, social, environmental and institutional. 

However, in the areas potential for producing many type of agriculture product in various seasons but till date no serious effort 

taken in land management, local needs, soil management, climate problems, crop management etc. and a large number of 

population who lives in the district either migrated in other states or shifted their occupation from agriculture to non-

agriculture due to heavy losses and uncertainty in crop production under this ecosystem. 

General Experiences from the Diara Areas 
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The cultivated diara lands are categorized into 3-groups on the basis of undulating topography and flooding pattern. Those 

lands which remain flooded for less than one month in between August or September known as upland.  The land which 

flooded for nearly three months from mid-July to mid-October known as medium land. The land which is flooded more than 

3 months in a year that is whole kharif season is known as low land. Under diara topography Table 2 given below shows the 

approximate cultivable area under diara river system. 

Table 2: Cultivable Diara Land in Bihar (Lakh Ha) 

Diara river system Total diara land (lakh ha) Cultivable land (Lakh ha) % 

Ganga river diara 5.34 2.10 39.33 

Gandak river diara 1.40 0.74 53.00 

Burhi gandak river diara 2.25 1.12 49.78 

Koshi river diara 1.45 0.72 49.65 

Sone river diara 1.13 0.60 53.00 

Total 11.57 5.28 45.64 

Table 2 shows that out of 11. 57 lakh hectares of total diara land in the state only 5.28 lakh hectares is under cultivable land that 

constitutes only 45.64% of the available land. Across the diara river system, Gandak and Sone diara utilised more than 50% of 

the total diara land. However, Ganga, Burhi Gandak and Koshi utilized less than half of the total available diara land. It means 

there is vast opportunities /scope to increase the potential cultivable land in the state. It has been also reported that the diara 

land is suitable for producing crops like maize, summer moong, summer vegetables, summer paddy, rabi maize, barley, 

lathyrus, wheat, pea, gram, linseed, safflower, toria, and cucurbitaceous crops. Under rainfed situation, watermelon and 

muskmelon are grown by the farmer. In general, cucurbitaceous vegetables are most suitable for the area. 

Strategies for Taping Potential of Diara Land 

Soil fertility status are the most important factor for growing various type of crops.  Proper diagnosis of soil is essential and 

required for maintaining soil health and as per the merits of soil suitable strategies can be made for ideal crops cultivation in 

the diara area. The land management, crop management and climatic conditions suitable for crop is essential for tapping diara 

land potential in the state. There is need for proper extension backup in the area for creating awareness related to suitable 

cropping pattern, suitable crop varieties, intercropping practices etc. through the research findings by the state level concerned 

scientist’s recommendations. As per various past studies and practices used in diara area it was observed that various problems 

faced by diara farmers in the locality are- use of high seed rate, traditional cropping practices, extension support very poor due 

to remote area, imbalanced fertilizer use, low doses of fertilizer application, soil testing facilities unavailable, plant protection 

measures are very poor etc. So many researchers in their studies also reported that poor awareness related to the latest advances 

made in crop production technology, varying sowing time of the crop due to the flooded condition of the land, poor irrigation 

facilities, erosion of river bank, ownership problem and high risk under the kharif season. After taking serious efforts by 

policymakers, researchers, politicians and farmers of the state for untapped diara area, problems could be solved & brought the 

area under cultivation to the significant level. 

In the diara area so many socio-economic problems are prevailing like: 

1. In general, very low per capita income of the farmer residing in diara areas. 

2. Level of education is very low. 

3. Agricultural practices done during rabi and summer season only and rest time farmers unemployed or searching of 

occupation in nearby town or generally migrated to other states. 

4. Health and wealth position of the farmers are not sound due to unstable /uncertainty in expected yield levels as well as 

remunerative price of their produce which is not available at the farm gate. 

5. Most women are illiterate and engaged in agriculture and allied activities as a helper of male members. They are not 

participating in the decision making of cultivation. 

Other constraints were also reported  like- lack of information about on- going agricultural and other development 

programmes, lack of market information, lack of agro-processing facilities nearby area like block and subdivision level, lack of 
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proper agricultural credit like micro credit, KCC etc. very poor market infrastructure like storage, grading etc. input outlays 

and service facilities not available nearby from the area; non-functioning farmers groups and organizations, lack of NGOs, lack 

of agro-climatic information etc. 

Challenges of Diara Land Development in Bihar 

It may be noted that agriculture is a 'state subject 'under the constitution of India. However, the central government plays a 

crucial role in shaping agricultural policies. In between state and central government agreements regarding funds and 

implementation of programme; due to lack of proper coordination, programme were never implemented in true sense and 

sprit. The planners and policymakers need to give fresh look to develop diara area and its management.  In diara areas farming 

is very old (Mughal period) but scientific approach in the present changing economic situation not taken seriously by the 

government, private bodies and farmers. In diara areas, cucurbitaceous vegetables are extensively grown. But due to lack of 

proper marketing facilities, value addition, processing facilities and poor infrastructure facilities farmers were not getting 

remunerative prices due to the above noted factors. A database is also required for proper development of these areas regarding 

potential for employment generation, migration position and other economic development parameters. In order to ensure a 

profitable agriculture under diara areas visible risks needs to be reduced through introduction of suitable varieties, coping 

practices and creation of awareness related to insurance, soil fertility and suitable crops.  If concerted efforts are made it may 

be expected that diara areas economy will grow fastly that will ultimately build a healthy environment for agricultural practices 

in these neglected areas and in turn, also support the economy of the state strongly. 

Conclusion 

After discussing the various aspects of diara land challenges, it is clear that diara areas in the state of Bihar has the potential for 

meeting the challenges of economic development through promoting bottom-up development planning approach and their 

needs. It is also suggested to undertake a study to access the impact of climatic changes on diara ecosystem for socio-economic 

upliftment. 
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Impact of Commercial Floriculture on Farmer’s Income in Hill Area of Uttarakhand 

Article id: 23963 

Hemendra S Negi: Team Leader- Agri-Business Support Organization, UDWDP-2, Funded by World Bank. 

 

Introduction 

There are total nine hill districts in Uttarakhand out of thirteen. Basically, farmers of these districts have very marginal land 

holdings and it’s widely scattered. Agriculture is a main occupation of the people and 75 percent of the population depends 

on agriculture for their livelihood, farmers of these areas are rearing cattle, goat, sheep, poultry, and fisheries along with 

vegetables, fruits and field crops production. Only 40 percent farmers are doing commercial farming and rest are only for their 

self-consumption. There are lots of factors affecting agriculture in hill area viz. migration of youth in metro cities, curiosity for 

farming, hard to adopt agriculture as occupation, crop damage by wild animals and cluster farming. Uttarakhand have a very 

favorable climatic conditions for many crops and it’s quite different in every region, these regions are suitable for all nutri-

crops or supper foods like buckwheat/Oggal (Fagopyrum esculentum), Phaphar (Fagopyrum tataricum), Chaulai (Amaranthus 

oleracea), Chuwa/Marcha/Ramdana (Amaranthus frumentaceus) Finger millet/Mandua/Koda (Eleusine coracana), barnyard 

millet/Jhangora (Echinochloa esculenta), Bhangjeera (Perilla frutescens), Toriya (Brassica spp.), Pindalu (Colocasia himalayensis), 

Kala Bhatt (Glycine spp.) etc. these crops are also identity of Uttarakhand’s farming and crops grown basically using organic 

practices. With the support of Uttarakhand Decentralized Watershed Development Project (GRAMYA-2) Pithoragarh division 

and technical and handholding support by Agri-business Support Organization (ABSO) there are some new crops has 

introduced in the area which has been newer grown earlier for commercial purposes, these crops are basically includes Lilium 

(Lilium longiflorum), Gladiolus (Gladiolus spp.), Rajnigandha (Polianthes tuberosa), Guldaudi (Chrysanthemum indicum) and 

marigold (Tagetes irecta). After harvesting of the first crop Lilium (Lilium longiflorum) bulbs required at least 3 months 

incubation/dormancy/cold period at 2 0C (35 0F) for new sprouts and then plant them out for next crop. The selected region 

(hill area of Uttarakhand) is most favorable of sprouting of bulbs due to natural climatic condition to avoid cold store charges 

and shifting bulbs in high altitude more than 3500 M area (snowfall region) so it’s minimized cost of cultivation of lilium 

comparison to plains. 

Cultivation Practices 

Basically, all flower crops required very protective environment while adopting proper package of practices to raising these 

above-mentioned flower crops, these flower crops commercially first time grown in the area so that was a big challenge to the 

farmers along with technical agency of the project (UDWDP-2, Pithoragarh division). A proper guidance, technical know-how 

related to the crops cultivation and handholding support were provided by technical agency (ABSO) of the project during 

entire growing season from sowing to harvesting along with packaging and marketing support. Lilium crop cultivated under 

shed net and playhouses there are types of Lilium (Lilium longiflorum) grown the region viz. Asiatic and oriental in case of 

Asiatic its take around 55 to 65 days for growing although oriental lilium required more than 90 days for maturity. The planting 

material of lilium was imported from Holland and a third party buy-back agreement was signed between farmers, federations 

and buy-back contracted firm (Uttaranchal Flowers and Herbs, Haldwani) and this agreement provide assure price and market 

to farmers. In case of other crops viz. Gladiolus (Gladiolus spp.), Rajnigandha (Polianthes tuberosa), Guldaudi (Chrysanthemum 

indicum) and marigold (Tagetes irecta) cultivated in open environmental conditions with adopting proper package of practices. 

Demonstration on Farmer’s Field 

Selected crops were cultivated on farmer’s field with applying recommended practices, there are total 67 farmers were 

associated with flowers crop raising on their poly-house and open filed. Sowing to harvesting data was maintained by technical 

experts of Agri-Business Support Organization and there are some magnificent changes were recorded by the team that was 

never expected by any one earlier for this particular region viz. lilium-Asiatic crop matures only in 55 to 65 days and crop was 
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highly marketable due to a drastic increment in number of buds per stick and average buds counts around 5-6. Lilium can 

grow in poly-houses as well as shed nets, the maximum day and night temperature for obtaining good yield is 21 to 25 0C and 

12 to 15 0C, respectively. Lilium grows well under low light intensity of 2000 to 3000-foot candle; therefore during summer 

month shed net can be used to cut of 75 per cent and 50 per cent during winter season. The optimum humidity inside the green 

house must be 80 to 85 %.  Sandy loam soil with pH 6-7 is suitable. Lilium crop required more water compare to other flower 

crops, in summer irrigation required frequently in the interval of 2-3 days and 4-5 days in winter, drip irrigation resulted good 

and uniform growth of the sticks and reduce no of irrigation. Fertilizers play a vital role for bulky crop and all farmers were 

suggested that soil testing is necessary to flower crops. Pusa STFR (Soil Testing and Fertilizers Recommendation) mobile soil 

testing kit was used to determine fertilizers requirements of crops.  In case of another selected crops also were raising to apply 

recommended cultivation practices and all these crops were monitored by the technical experts and also provide necessary 

instructions to farmers. 

Table 1. Details of Demonstrations 

Crop Name  No of farmers 
associated  

Days of 
Maturity  

Total Production 
(Sticks/kgs.) 

Area (in ha) Average rate Per 
stick/Per Kg  

Lilium- Asiatic 25 55-65 16625 0.08 20 

Lilium- Oriental 31 85-95 26730 0.18 40 

Gladiolus  12 90-110 50000 0.31 6 

Rajnigandha 15 90-120 70000 0.43 5 

Marigold 9 90-120 15000 0.16 25 

Income Analysis of Farmers 

All flower crop grown by farmers provided good economic returns, lilium have maximum cost of cultivation in among the 

others comparatively total income from the lilium is very low in comparison to cost of cultivation followed by marigold, 

gladiolus and rajanigndha. Cost of cultivation of lilium, gladiolus and rajnigandha reduced in 2nd year due to crop raised from 

regrown bulbs and it’s continued in 3rd year. 

Table 2. Cost of cultivation and Farmer's Income (Rs.) 

Crop Cost of 
Cultivation and 
Losses 1st 
year/cost of 
poly-house 

Total 
Income in 
1st year (Rs) 

Cost of 
Cultivation 
and Losses 
2nd year 

Total Income in 
2nd year (Rs) 
from regrown 
bulbs 

Cost of 
Cultivation 
and Losses 
3rd year 

Total Income 
in 3rd year 
(Rs) from 
regrown 
bulbs 

Lilium- Asiatic 269375 332500 35000 299250 50000 282625 

Lilium- Oriental 683250 1069200 125000 962280 140000 908820 

Gladiolus  115000 300000 45000 270000 65000 255000 

Rajnigandha 95000 350000 75000 315000 55000 297500 

Marigold 125000 375000 55000 337500 135000 318750 

Total 1287625 2426700 335000 2184030 445000 2062695 

Conclusion 

Present study shown that floriculture became a good asset to the farmers of hill area due to its favorable climatic conditions, it 

can give more economic returns to farmers. Floriculture gives instant and high returns in comparison to any other crops; it can 

be making some remarkable changes in the economic conditions of farmers because due to favorable weather conditions like 

other hill states of the country. As we know Holland is the largest producer of flowers (cut and loose) in the worldwide similarly 

there are some regions in Uttarakahand which are most suitable for floriculture and along with the other activates of 

Agriculture floriculture should incorporated by the farmers for their economic growth. 
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