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Faba bean (Vicia faba L.) as an alternative potential pulse crop for 
Indian agriculture 

Article id: 11211 
S.K. Bishnoi* 

ICAR-Indian Institute of Wheat & Barley Research 
Seed and Research Unit, Hisar-125001 

 

Since the early ages of agriculture, the leguminous crops have remained an integral and 

essential part of the human diet and have played an important role in diet diversification of 

people around the world. Many legume species are irreplaceable sources of dietary proteins for 

humans directly or indirectly. They have been agents of diversification for the agricultural 

production systems since time immemorial and have contributed significantly to the 

sustainability of these systems. Leguminous crops are natural nitrogen fixers and thus help in 

minimizing the soil and environmental degradation by reducing the use of chemical nitrogen 

fertilizers in commercial agricultural production systems. The sustainable developmental goals 

involving poverty reduction, human health improvement and enhancing ecosystem resilience 

can be ideally addressed by laying more emphasis on cultivation of leguminous crops. As a 

source of dietary protein, these legumes become increasingly important especially in the 

developing countries like India where a significant proportion of the population is vegetarian. 

The importance becomes manifold when another significant proportion of the population, 

mainly of the third world countries, founds itself unable to afford animal source of dietary 

protein due to widespread poverty. Protein malnutrition in growing children is a major health 

concern in India which is expected to increase as the availability of protein to the rapidly 

growing population is speculated to take the form of a bigger challenge in the coming future. 

Under this scenario, grain legumes, which are rich in essential amino acids, are affordable and 

easily available alternatives of animal products as source of protein. 

 As far as production of pulses is concerned, India holds a very unique place in that the 

country is the largest producer, consumer and importer in the world. Pulses as a whole 

constitutes approximately 7-10 percent of the total food grain production of India, however, 

the area under pulses ranges to the tune of 20 percent of the total area under food grains, 

reflecting the poor productivity of the pulses production systems. Chickpea, pigeonpea, green 

gram, black gram, horse gram etc are major pulse crops of India which are grown in various 

agro-ecological climates in different seasons. These pulse crops suffer from low realized yield 

and their sensitivity to a variety of biotic and abiotic stresses. Therefore, a need for an 

environmental hardy pulse crop of high productivity and suitable for Indian growing conditions 

has been lately felt.  

Faba bean has been proposed to be one such potential pulse crop particularly for 

regions characterized of poor soils and abiotic stresses. Belonging to the family fabaceae, Faba 

bean, is also known as broad bean and fava bean and has a long history of cultivation in the 

human civilization. It is an annual diploid plant and can be easily raised as a main pulse crop 

during the Rabi season in India. Faba bean is one of the earliest domesticated plants which is 
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believed to be domesticated during the Neolithic period. It is an important global pulse, fodder 

crop and vegetable throughout the temperate world and at higher altitudes in some sub-

tropical regions. It is world’s fourth most important legume crop after pea, chickpea and lentil, 

widely cultivated for human food, animal feed and fodder. It is also used as a cover crop in 

many regions of the world. Faba bean plays an important role in world agriculture because of 

its high seed protein content which ranges from 20 to 40% depending upon the genotype and 

the environmental conditions in which it has been grown. It is an efficient nitrogen fixer and 

improves soil fertility through symbiotic nitrogen fixation. It can grow well on high fertility soil 

to N-deficient marginal lands. Faba bean can withstand salinity conditions especially chloride 

and sulphate salts to a greater extent than chickpea and unlike chickpea it thrives well under 

irrigated conditions. It has a potential yield of 60-75 quintals per hectare with an average yield 

of 40-45 quintals per hectare. 

 Faba bean has been recognized as a potential grain legume by the Indian National 

Agricultural Research System and has been included in the All India Coordinated Research 

Network on Potential crops. It has also been identified as one of the eight major food legumes 

by the CGIAR research programme for priority focus and continuously gaining importance as a 

grain legume for protein security of demographically expanding and climatically changing 

world. 

 In China, Ethiopia, the Middle-East and the Mediterranean, faba bean is used as a 

breakfast food as soup, stews and paste made by grinding etc. In India, the green unripe pods 

of faba bean are mainly cooked and eaten as vegetable. Apart from being a staple human food 

in many developing countries, faba bean is also used to feed animals in industrialized countries; 

such as pigs, horses, poultry and pigeons. It is grown in rotation with cereal crops for improving 

soil physical condition, breaking disease cycles and controlling weeds. Moreover, faba bean has 

the potential to be developed as a functional food crop for the patients of the Parkinson’s 

disease which is world’s second most important neurodegenerative disorder and caused by 

insufficient synthesis of the neurotransmitter dopamine. The young pods and the leaves of faba 

bean have been reported to be the most practical means for the direct intake of the L-DOPA (L-

3, 4-dihydroxy phenylalanine) which serves as a precursor of dopamine. 

 However, the quality-limiting anti-nutritional factors, such as vicine, convicin, tannins 

and phenolic compounds compromise the value of faba bean in human diets. Vicine and 

convicine are stored in the cotyledons and are harmful for humans carrying a genetic defect 

glucose- 6-phosphate dehydrogenase (G6PDH) deficiency. The medical condition involves 

hemolytic anemia and it has been termed as favism. Given the high prevalence rate of Glucose-

6-phosphate dehydrogenase (G6PD) deficiency (upto 27%) in different caste, ethnic and 

linguistic groups and high incidence particularly in tribal population, the vicine and convicine 

content need to be significantly lowered before the crop can be popularized in India. 

Alternatively varieties with lower or nil percentage of these anti-nutritional factors need to be 

developed for large scale popularization and adoption.  

 At present faba bean is cultivated in more than 50 countries of the world. The world 

production of faba bean was 3.4 million metric tons in the year 2013. The major faba bean 
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growing countries are China (1.65 Mt), Ethiopia (0.61Mt), France (0.44 Mt), Egypt (0.29 Mt) and 

Australia (0.19 Mt). China is the leading producer with 43% share of the world’s total faba bean 

production. However, in spite of the increasing importance as a food, feed and fodder crop, the 

world area under faba bean cultivation has declined from 5 million hectare in 1965 to less than 

half in 2007. The reasons attributed to this decrease in area are unstable yields, inability to 

exploit heterosis in yield by developing hybrid varieties and biotic and abiotic stresses causing 

drastic yield losses. 

 Faba bean was introduced into India through Mesopotamia probably after the advent of 

the Arabian spice trade route which came in to existence around 3000 B.P. It is called Baqlaor 

Bakla in Hindi and its subsidiary dialects in India which are also the Arabic and Turkish names 

for faba bean. These names are indicative of its Arabian route of entry into India. Since its 

introduction it has become a traditional legume crop in the Bihar state of India. It is also grown 

on small scale in Jharkhand, Eastern Uttar Pradesh, Chhatisgarh, Odisha and Madhya Pradesh. 

The area and production statistics are, however, not available and neither are there any trade 

reports or market or prices reports. It is mainly cultivated in rabi season for its green pods 

which are used as vegetable and no traditional food use for its seeds has been reported. The 

pods are easily available in the vegetable markets of these states and elsewhere also.  

 Despite the huge importance of faba bean as a protein source for humans and animals 

in ensuring food and nutritional security in context of global population increase and global 

climate change, its full potential through hybrid breeding remains unexploited largely due to its 

unique pollination biology and yield instability. At present there are five commercial cultivars 

available in India. PusaSumit and PusaUdit developed at the Indian Agricultural Research 

Institute, New Delhi, Swaran Gaurav and  SwarnaSafal developed by ICAR-Research Complex for 

Eastern Region, Patna and Vikrant developed by CCS Haryana Agricultural University, Hisar. The 

characteristic features of variety Vikrant are medium seed size, medium yield, resistant to 

diseases and salinity and low pod shattering. 

Faba bean suffers from some major drawbacks as a crop. These are yield instability, 

lower realized yields, lodging, asynchronous maturity, pod shattering at maturity etc. To 

remove these defects either completely or partially are the major breeding objectives of the 

faba bean improvement programmes the world over along with incorporation of resistance 

against drought, frost, fungi and other pathogens and pests. The improvement in seed yield and 

yield stability need to be addressed through the component traits. 

Qualitatively, improvement in the grain quality in the form of increase in protein 

content and removal of anti-nutritional factors constitute the major breeding objectives in faba 

bean. In conclusion, the adaptive advantages associated with this hardy and versatile pulse crop 

need to be exploited on large scale in Indian context and the crop need to be popularized 

primarily in areas where traditional pulse crops perform poorly or the marginal areas. Faba 

bean in such areas may prove a boon for the deprived resource poor farming community and 

can effectively and substantially contribute towards achieving the national objective of 

doubling the farmer’s income by 2022. 
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Ecological engineering for pest management 
Article id: 11212 

Anil kumar*, Hari Chand and Nagendra Kumar1 

Assistant Professor-cum- Scientist-cum, Department of Entomology, SRI, and 1Faculty of 

Agriculture, Department of Entomology, Dr.Rajendra Prasad Central Agricultural University, 

Pusa, Samstipur (Bihar)-848 125 

 

 

INTRODUCTION 

The key challenges of worldwide agriculture are sustainability, conservation of natural 

resources, food security and safety. Infestation due to pests from sowing to maturity is one of 

the major biotic reasons for lower productivity in major cash crops. Uncertain whether 

condition due to climate change leads to outbreak of several pests and cause severe yield loss 

ranged from 50-60 per cent. At present farmers mostly depends on pesticides for pest 

management which would lead to hazardous effect of pesticides. Ecological engineering has 

recently emerged as a paradigm for considering pest management approaches that are based 

on cultural practices and informed by ecological knowledge rather than on high technology 

approaches such as synthetic pesticides and genetically engineered crops. The development of 

ecological engineering is explored ranging from a simple first approximation that diversity is 

beneficial, to contemporary understanding that diversity can have adverse effects on pest 

management. This requires that the functional mechanisms that lead components of 

biodiversity to suppress pest activity are better understood and exploited. Pest suppression via 

ecological engineering is placed in the broader context of ‘ecosystem services’ provided by 

farmland biodiversity including nitrogen fixation and the conservation of pollinator species and 

wildlife. 

 

 

Characterization of ecological engineering methods 

 Enhancing recycling of biomass and optimizing nutrient availability and balancing 

nutrient flow. 

 Securing favorable soil condition for plant growth, particularly by managing organic 

matter and enhancing soil biotic activity. 

 Minimizing loss due to flow of solar radiation, air and water by way of microclimate 

management, water harvesting and soil management through increased soil cover. 

 Species and genetic diversification of agro ecosystem in time and space. 

 Enhancing beneficial biological interaction and synergism among agro-biodiversity 

component, resulting in the promotion of key ecological processes and service and 

thereby increasing P: D ratio. 

 Utilizing organic amendment and biological insecticides to increase diversity of 

generalist predators, detritus and plankton-feeding arthropods in crops. 
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 Exploring naturally induced and exogenous application of synthetic herbivore induced 

plant volatiles or HIPV elicitors for elevated activities of biological control agents in rice, 

vegetables and pules.  

 

 

Ecological engineering methods 

Above ground  

 Grow flowering plant on the internal bunds insides the orchard 

 Not to uproot weed plant those are growing naturally like Tridaxprocumbens, 

Ageratumsp, Alternantherasp etc. which act as nectar source for natural enemies. 

 Not to apply broad spectrum chemical pesticides when the P: D ratio is favorable. 

Below ground  

 Keep soils covered year-round with living vegetation and crop residue. 

 Add organic matter in the form of FYM, vermicompost, crop residue which enhance 

below ground biodiversity 

 Reduce tillage intensity and IPM modules so that hibernating natural enemies can be 

saved. 

 Apply balanced dose of nutrients using bio-fertilizer. 

 

 

Chocolate-box ecology  

Habitat manipulation for enhanced pest control has been referred to by critics as ‘chocolate-

box ecology’ because of the picturesque nature of some of the tools used; strips of flowers are 

an example. In some cases, floristically diverse vegetation is added without prior testing and 

ranking of the candidate plants, but this crude approach is not universal and habitat 

manipulation researchers now more commonly screen plant species to determine optimal 

species or use a range of selection criteria to determine appropriate botanical composition 

(Gurr et al., 1998). 

 

 

Push-pull 

It is strategy for controlling agricultural pests by using repellent “push” and trap” pull” plant.  

 

 

Suggestion for enhancing natural enemies 

 Improve crop habitats for natural enemies with crop rotations or polycultures of cash 

and cover crops. 

 Maintain vegetation surrounding field to provides supplementary resources to meet the 

need of natural enemies. 

 Increase within- field plant diversity to provide artificial nesting structure, extra food 

and alternate prey to natural enemies. 
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 Manage vegetation surrounding the field with agroforestry and other vegetation to 

serve as reservoirs for natural enemies. 

 Select right non-crop/flowering plants grown as strips to provide supplementary 

resources to the natural enemies. 

 

 

CONCLUSIONS  

Ecological engineering is a human activity that modifies the environment according to 

ecological principles. Accordingly, it is a useful conceptual framework for considering the 

practice of habitat manipulation for arthropod pest management.  

 

 

REFERENCES  
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POROUS ALPHA- A greener perspective towards soil recharging 
Article id: 11213 

Poonam Preeti Pradhan 

Assistant Professor (Soil Science and Agricultural Chemistry) 

School of Agriculture, GIET University, Gunupur, Rayagada 
 

Articulating the urge to feed the burgeoning population with agricultural land area of just 

12.33%, Japan has made itself a hub of inventories and zenith to stand upon with pride. 

Shrinking cultivable lands and deteriorating soil health has been a major concern hindering the 

zeal to bring up agro-technology. Vertical expansion with sustainability is shearing solution 

made by Tottori Resource Recycling Inc from Japan. “Porous Alpha” an efficient and effective 

project taken up by Tottori Resource Recycling Inc. experimenting on tomatoes and green 

beans in the semi-arid areas of Morocco, Africa. 

 

These environ-safe, waste management and water saving materials are manufactured 

without involving large machineries and equipments. Waste glass bottles basically made of 

silica sand are pulverized with addition of Calcium as raw materials under high temperature 

producing irregular shaped conditioning materials. These are then crushed into finer particles 

to be spread along soil near root zone with a thorough plough. It is mainly composed of Silica 

and Calcium oxide similar to the chemical composition of natural sand proving to be eco-

friendly in nature. 

 

As the name suggest it is featured with numerous pores inside that aids retention of 

irrigation water for longer time at field capacity and liquid fertilizers such as nitrogenous and 

sulphate based fertilizers for efficient use of water and nutrient and enhance crop yield up-to 3 

times. As the pores are produced by burning of the pulverized glass amalgamated with foaming 

agents such as shell powder or calcium carbonate, water holding capacity of soil increases by 

15% of its volume and reduces up-to 50% of fertilizer usage.  

 

It supplements several mineral for plant growth and development as it is chemically 

loaded with 62% of SiO2, 24% of CaO, 8.6% Na2O and minor elements like 2% K2O, 1.7% Al2O3, 

1% Fe2O3 and less than 1% of Ti, Cr, Mn, S etc. These materials along with several soil 

supplements such as fertilizers, manures, plant growth hormones etc, can generate a wonderful 

organic and sustainable product. This soil amendment technique has also aided as medium of 

plant growth with better aeration in soil. It acts as bio-filter supporting useful microbes inside 

enhancing microbial activities. Most common applications are in poly-houses, shade nets and 

nurseries of several fruits and vegetables. Analysis of leachate sample has inferred that it 

doesn’t contribute heavy metal toxicity in soil. It is also used for treating chemical effluents via 

adsorption and desorption of fluorine and phosphorous ions.  
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After its successful experimentation at Morocco, it took up several pilot projects around 

the World basically arid and semi-arid areas quantifying its value and studying its interaction 

with several other crops.  

Meticulously analyzing this technique will have wide adaptability and easy accessibility 

holding a lion’s share in market with certain fertilizer modification to improve the soil health 

and increase crop production. 
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Genetic Engineering in Vegetable Crops 
Article id: 11214 

DodlaRajashekar Reddy 

Department of Vegetable Science, College of Horticulture, SKLTSHU, Rajendranagar, 

Hyderabad–500030, Telangana, India. 

 

Vegetables play important role in nutrition and human health by providing essential minerals, 

vitamins, photochemical, antioxidants and dietary fibre. The 20th century food availability was 

ensured predominantly by adopting improved cultivars (Conventional breeding) and planned 

usage of chemicals (fertilizers, pesticides, fungicides, weedicides) in support of best 

agronomical practices. However there are many constrains in the conventional breeding and 

can only be overcome by advanced molecular breeding. Currently, increase in the human 

population warrants higher production as well as nutritionally enriched crops. Integrating the 

conventional breeding with molecular biology tools (genomics, genetic engineering) will pay 

way for isolating and integrating the genes encoding agriculturally important traits. In recent 

year’s significant improvement has been made genetic engineering in few crops to enhance the 

nutritional properties, enhancing shelf life, improvement in insect and pathogenic resistance, 

improvement for water use efficiency and industrial applications.  

In 1996, the large scale cultivation of genetically modified crops against the insect pest 

was introduced in 1.7 million hectares and it is growing exponentially across the globe in 

multiple folds. Among the Genetically modified (GM) crops, herbicide tolerant soybean and 

canola, Bacillus thuriengiensis (Bt) based insect resistance maize, cotton constitute to be the 

leading top four crops. Among the vegetables, potatoes, tomatoes, and sugar beets have been 

accepted for commercial cultivation. Even though there are many GM crops such as rice, 

squash, cucumbers, onions, cabbage, papaya, sweet peppers, hot peppers, eggplants, carrots, 

potatoes, and tomatoes are has been genetically modified but commercial realization at field 

level is slow.  

The first generation GM crops mainly intended to create transgenic plants against 

massive plant pest and fungal, viral, and bacterial diseases such as Bt cotton against bollworms; 

whereas the second generation GM crops focused on increasing the nutritional characteristics 

of the crops such as biofortification of rice (Vit A). The third generation GM crops focuses on 

production of vaccines, pharmaceuticals and antibodies. Abiotic Stress Tolerance Abiotic 

stresses such as drought, salinity and extreme temperatures cause significant losses of crop 

productivity and quality. In abiotic stress prone areas, vegetable production is lower, which 

leads to malnutrition and associated health disorders in these regions. Development of crops 

with an inherent capacity to withstand abiotic stresses would help stabilize the vegetable 

production, and significantly contribute to food and nutritional security in developing countries 

and semi–arid tropical regions.  
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Drought Tolerance Glycine betaine overproduction was achieved in carrot plants 

engineered to over express betaine aldehyde dehydrogenase (BADH) in plastids. These 

transgenic plants showed very high level of salt stress (400 mM NaCl) tolerance. Expression of 

AVP1, a vacuolar H+ pyrophosphatase in tomato resulted in enhanced performance under soil 

water deficit. The engineered tomato has a stronger, larger root system that allows the roots to 

make better use of limited water. The CBF/DREB1 genes have been used successfully to 

engineer drought tolerance in tomato and other crops. Over expression of glutathione 

peroxidase gene in jujube, constitutive and salt‐inducible expression of SIBADH gene in 

tomatoes, and down‐regulation of ß–carotene hydroxylase in sweet potato have been shown to 

enhance the tolerances to salt and water stresses in transgenic plants.  

Nutritional Improvement Potato is an important food crop. The nutritive value of potato 

protein is diminished due to deficiency in essential amino acids lysine, tyrosine, and the sulfur 

containing amino acids methionine and cysteine. The Amaranthus seed albumin gene AmA1 

was expressed in potato tubers to produce all essential amino acids. Similarly an artificial gene 

asp–1 encoding storage protein with essential amino acids was expressed in sweet potato.  

In tomato, an effort to increase the provitaminA content in fruits was made by 

engineering a bacterial gene encoding for the phytoene–desaturase enzyme that converts 

phytoene to lycopene into transgenic tomato. These transgenic plants produced three– fold 

more b–carotene content than that of control plants. Recently an Erwinia uredovoracrtB gene 

encoding phytoene synthase was introduced in potatoes. This resulted in four– to seven–fold 

increase in carotenoid content in the transgenic tubers with b–carotene and lutein 

accumulation reaching up to 11 and 19–fold higher than control tubers. Transgenic potatoes 

have been generated in which browning is overcome by antisense inhibition of polyphenol 

oxidase. 

Vaccine Production in Transgenic Vegetables Vaccines produced in edible parts of 

plants, e.g. grain, tuber or fruit, are known as edible vaccines. Plants offer an effective way to 

circumvent the problems available in animal models for vaccine production (problems such as 

transport, storage at specialized temperatures, cross contamination of other viral particle/ 

disease associated with that animal). In plants any protein can be expressed in a plant cell, 

antigens can be produced on a large scale in the crops, and the crops can be grown locally 

which will reduce transport requirements. In addition it can be expressed in any plant storage 

organs such as roots or bulbs which can be stored in room temperature and no need specialized 

storage or transportation. The cholera antigen is produced from the potato plants by Cholera 

toxin B (CTB) subunit fused to an ER retention signal. The Rabies virus antigen is produced in 

tomato fruits by expressing Rabies virus–ERA strain outer surface glycoprotein (G–Protein) in 

tomato plants. The Anthrax antigen is produced by expressing Lethal factor protein (LF), linked 

to CTB in potato. The Hepatitis B antigen is produced by expressing Hepatitis B surface antigen 

(HBsAg) in potato. The current controversial thoughts about GE may disappear soon and we 

believe genetic engineering will prove to be invaluable to the future improvement of 
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agricultural systems. These transgenic crops have been developed to resist insects, pests, and 

diseases, and with potentials for better shelf life and nutritional quality. The use of lower 

amounts of agricultural chemicals for crop protection has not only reduced the residual levels 

of these contaminants in our food supply but also resulted in savings in energy and machinery 

used by the farmers, and less contamination of surface water and atmosphere. The genetic 

engineering has tremendous potential to improve food security and supply for the 

ever‐increasing world population 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

13 
 
 

Ecological restoration of degraded areas in rural regions: A synergy of scientific 
and traditional ecological restoration strategies 
Dickson Adom1*Paul Appiah Sekyere2     Saeed Adam3 

Article id: 11215 
1Department of Educational Innovations in Science and Technology, Kumasi-Ghana, Tel: 
+233508149965, E-mail: adomdick2@gmail.com/adomdick@yahoo.com 
2Department of Chemistry, Kwame Nkrumah University of Science and Technology, Ghana, E- 
3Department of Planning, Kwame Nkrumah University of Science and Technology, Kumasi, 
Ghana, University Post Office, Kumasi, Ghana 

ABSTRACT 

Every knowledge system used the management of an ecosystem has its own strengths and 

limitations. The use of only scientific conservation practices in ecosystem management in local 

communities has not been very successful and has even had serious challenges in their 

implementation. On the other hand, the single faceted approach in the use of traditional 

knowledge systems in the advancing era of technology makes it less effective. There are various 

occasions where each of these two knowledge systems is utilized in ensuring the smooth 

realization of ecosystem conservation plans and initiatives. Therefore, a complementation of 

the two important knowledge systems is the key to restoring the degraded ecosystems in local 

communities globally. The study aimed at finding effective ways of synergizing scientific 

conservation approaches such as the creation of wildlife corridors, the use of gene and seed 

banks, and the use of long captive breeding programs together with traditional conservation 

strategies such as taboo systems, cosmological belief systems, and traditional festivals in 

restoring degraded ecosystems in local regions. The study has shown that the tactful synergy of 

scientific and traditional ecological restoration strategies forges the best weapon in ecosystem 

restoration projects especially in the local territories. 

Keywords: Ecological restoration, Ecosystem, Scientific knowledge, Traditional ecological 

knowledge, Biodiversity conservation 

1. INTRODUCTION 

Ecosystems, which are the biological communities with great diversities of plants, animals and 

water bodies in a region (Adom, Umachandran, Ziarati, Sawicka&Sekyere, 2019) play significant 

roles in the lives of humans. The services provided by the ecosystem in a region pivots life 

sustenance because the food, fuel, timber, water supply (Alexander, Aronson, Whaley & Lamb, 

2016), pharmaceutical products (Cho, 2011; May, 2000) are some of the direct services humans 

gain from the ecosystems. Other indirect benefits from the ecosystem services include the 

proper regulation and maintenance of the gaseous compounds that prevent constant changes 

in the climate (Bradley, Emmet & Gonzalez, 2012), the soil decomposition, carbon 

sequestration,  soil nutrient recycling and retention as well as the purification of the 

freshwaters (Adom et al. 2019; Yucel, 2015; Science for Environment Policy, 2015). The intrinsic 

services such as recreational, aesthetic, educational, spiritual and cultural values that make life 

worth living are generously provided by the ecosystems (Adom, 2018; Clewell& Aronson, 2009). 

Despite these tremendous benefits derived from the ecosystems, human irresponsible activities 
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in industrialization and mechanized agriculture (Cardak&Dikmenli, 2016) have degraded the 

environment. Sadly, ecosystem degradation is cited among the ten threats officially cautioned 

by the High Level Threat Panel of the United Nations (Tyagi, Garg &Paudel, 2014). The 

degradation of the ecosystem and biodiversity comes at a great cost to humans, exposing us to 

the direct and indirect consequences of the ecosystem disruption. Remoudou and Koundouri 

(2009) aver that ecosystem degradation has resulted in loss of biological species of flora and 

fauna, increased acute and chronic ailments, as well as weather extremes amongst others. In 

addition, it leads to habitat destruction and fragmentation which is a major threat to 

biodiversity conservation (Janishevski, Santamaria, Gidda, Cooper &Brancalion, 2015). The 

solution to this canker, according to ecologists and environmental researchers is undertaking 

short and long term ecosystem restoration in degraded ecosystems (Clewell& Aronson, 2009; 

Alexander, Aronson, Whaley & Lamb, 2016).  

Ecological restoration is the process of assisting the recovery of an ecosystem that has 

been degraded, damaged or destroyed (Society for Ecological Restoration, 2004).  The repairing 

and restoring of an ecosystem to its prior state and even better is crucial for any society that 

aims at walking the path of sustainability (Alexander et al, 2016). Ecological restoration is the 

backbone for biodiversity conservation in protected areas (Adom, Umachandran, Asante, 

Ziarati& Barbara, 2019; Janishevski et al, 2015). Global bodies, conventions and treaties geared 

to the protection of the environment, biodiversity and the ecosystem such as the International 

Union for Conservation of Nature (2014), the Intergovernmental science-policy Platform on 

Biological and Ecological Services (2013) and the Convention on Biological Diversity (2012) have 

all embarked on massive calls for prioritizing the restoration of ecosystems as the antidote for 

land and biodiversity degradation as well as arresting the problem of desertification and climate 

change.  The focus on ecological restoration is mostly prioritized at rural regions because 

residents depend greatly on both renewable and cultivate natural capital as their source of 

livelihood (World Bank, 2010). Also, rural regions which are mostly agricultural communities 

provide natural resources for the ever increasing urban communities (Society for Ecological 

Restoration, 2004). Therefore, it is imperative that their ecosystems are monitored regularly 

and degraded areas are promptly restored. This would bolster the biodiversity persistence and 

cripple the extinctions of biological diversities while ensuring sustainable supply of ecological 

services (Chazdon, Harvey, Komar, Griffith, Ferguson, Martinez-Ramos, Morales, Nigh, Soto 

Pinto, van Breugel& Philpott, 2009).  

 

For a more sustainable and effective ecological restoration approach, experts in 

ecosystem restoration have consistently encouraged an integrated and pluralistic approach of 

different disciplines (Aradotta& Hagen, 2013) and a multi-faceted strategy that tactfully merges 

traditional ecological restoration strategies with the more advanced scientific ecological 

restoration approaches (Adom, 2016a; Adom, 2018). Integration of both scientific and 

traditional ecological restoration approaches provide a more flexible approach and better 
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results in addressing the challenges in biodiversity conservation in degraded ecosystems 

(Johnson, 1992; Attuquayefio&Fobil, 2005; Sinclair, Tuke&Opiang, 2010; Wilder, O’meara, 

Monti &Nabhan, 2016). Interestingly, each of the ecological restoration approaches possesses 

unique elements and values pertinent to enhancing the buoyancy of ecosystems (Berkes, 2012; 

Msuya&Kideghesho, 2009; Ajani, Mgbenka&Okeke, 2013; Iyoro&Ogungbo, 2013). 

Ecological restoration projects to be carried out in rural regions are often effective and 

fruitful when the traditional knowledge systems used by the local people in maintaining the 

ecosystems are not factorized into the planning and execution processes (Montagnini, Islas & 

Santana, 2008; Adom, 2016a; Adom, 2016b). That notwithstanding, Abdullahi, Usman, Samaila 

and Zuni (2013) noted that many modern ecological restoration management theories and 

projects rolled out have not inculcated the ideals in the traditional ecological restoration 

knowledge. This, in most times results in the abysmal performances of the ecological 

restoration projects stepped in rural territories (Adom, 2017a). This is because, all successful 

environmental development plans and projects are those that ensure local community 

participation, social inclusion and effectively utilized traditional ecological knowledge of the 

local people (Breur, 2000; Njunwa, 2010; Adom, 2017b)   

Ecologists and environmentalists who undertake ecological restoration projects in rural 

regions must not in any way undermine the worth of traditional ecological knowledge. Infield 

and Mugisha (2013) contend that the traditional ecological knowledge holds practical lessons 

that can efficiently address both the present and future challenges associated with ecosystem 

restoration. They are also environmentally friendly sustainable and have an excellent 

reputation for preventing ecosystem degradation (IIED, 1992; UNESCO, 2003; Adom, Kquofi& 

Asante, 2016). Moreover, they have sustainable ideals for ecological restoration in that they 

possess strong behavioral corrective elements (Materer, Valdivia & Gilles, 2002) that incite local 

residents on the need to pursue environmentally healthy activities that maintains the buoyancy 

of ecosystems. For instance, many experts in ecological restoration research have argued that 

for a more sustainable ecological restoration project, there must be a heightened ecological 

awareness among residents (Aronson, Milton &Blignant, 2007) and this is carried out through 

an effective environmental education (Cardak&Dikmenli, 2016). In rural regions, such ecological 

awareness campaigns and education can be more effective when the indigenous mode of 

instruction such as the use of proverbs, folklores, myths and cultural symbols (Adom, Opoku, 

Newton &Yeboah, 2018; Adom, 2016c; Gadzepko, 2013) are used. Likewise, in the selection of 

species for restorative projects in rural regions, rural farmers always support plants that can 

adapt well to their growing conditions and at the same time compatible with their traditional  

cultivation practices (Rahman, Ramaiyan, Kishore & Denzongpa, 2009). The selection of native 

species that are intertwined with the cultural practices of a people (Wilder et al, 2016) in the 

recovery of degraded lands have been recorded to be very successful in countries such as 

Argentina, Brazil and Costa Rica (Montagnini et al, 2008) and in areas with high cultural climate 

like Africa. 
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The ongoing discussion justifies the need for ensuring a synergistic ecological 

restoration strategy for repairing and/or rehabilitating degraded areas in rural communities 

(Crawhall, 2014).  

Tunón, Kvarnström and Naptek (2015: 97) noted that this same sentiment is expressed by the 

Intergovernmental science-policy Platform on Biodiversity and Ecosystem Services: 

While conventional scientific activities are excellent for studying many aspects of the 

natural environment, it also has limitations in thematic coverage and spatial and 

temporal scales. For a full assessment, it is therefore important to combine the 

different knowledge sources (e.g. conventional science, traditional knowledge (e.g. 

ways of harvesting/protecting, phenology, ecological relationships, etc.), local 

perceptions of status and trends of resources/species, local observations with some 

level of data capture), using the individual strengths in relation to the objective of the 

different sections of the assessment, and identify exactly how each knowledge 

source can contribute to the different sections.  

 

 

 

 

 

 

 
 

Figure 1: Conceptual Framework for the Study 
Source: Author’s Construct 

 

 

1.1 Traditional Ecological Restoration Strategies 

They are the strategies for ecological restoration that were implemented by the forebears of 

human societies to protect the biodiversity resources in ecosystems. They include festivals, 

proverbs, myths, folklore, taboos, norms, totemic system, sacred grove systems, and traditional 

agroforestry systems etc. that were tactfully instituted to sustain the ecological stability of 

biological diversities and their habitats. Collectively, they are referred to as local 

epistemologies, traditional ecological knowledge (TEK), or traditional institutions by 

anthropologists and cultural theorists.Some scholars refer to this form of traditional ecological 

restoration as the People’s Science, Ethno-Science, Folk-Ecology, Village Science, and Citizen’s 
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Science (Ward 1989). This is due to the scientific values or insights they offer in terms of 

conservation practice. It may also be as a result of their realization today that most of these 

forms of traditional knowledge such as taboos, proverbs, festivals, myths, and others are 

compatible with the scientific conservation approaches. Berkes (2012:7) defines Traditional 

Ecological Knowledge as: 

The cumulative body of knowledge, practices and beliefs evolving by adaptive 

processes and handed down through generations by cultural transmission about 

the relationship of living things with one another and with the environment  

The traditional strategies of ecological restoration were developed through the experiences of 

the local people in their attempt to replenish the biotic diversity that was reduced while they 

were attending to their basic needs in life (Matsika 2012). This makes them resilient, time-

tested and viable methods of conserving the biodiversity in ecosystems. Mapira and 

Mazambara (2013) noted that since the pre-colonial times, the indigenous ecological systems 

have been used by various African communities for their natural resource management. The 

International Institute for Environment and Development (1992) realized that the traditional 

ecological restoration approaches are environmentally friendly, helping in conserving and 

sustaining the nature’s resources. This underscores why the United Nations Convention on 

Biological Diversity (UNCBD) in 2007 counselled countries to respect, preserve and implement 

the knowledge enshrined in the traditional knowledge of indigenous and local communities in 

the conservation and sustainable use of biodiversity.  

The worth and contribution power of these traditional ecological knowledge to 

conservation gleams in the rhetoric question posed by UNESCO and UNEP associations in their 

research work on cultural diversity and biodiversity for sustainable development in 2003. They 

asked the question that ‘How can we understand and preserve the natural environment 

without taking into account the human cultures that have shaped it since the dawn of time? 

The answer to this question is not far-fetched ─ countries must incorporate the good values in 

the traditional ecological knowledge of the local communities because they are effective and 

have been the key managerial component for biodiversity conservation since the genesis of 

mankind. 

1.2 Scientific Ecological Restoration Strategies 

They are strategies for conservation that dwells much on quantitative or numerical analysis of 

the species in their ecosystems, while objectively analysing their breeding systems and habitat 

adaptation implications to understand the populations of species and dwindling numbers. 

Sarkar (2008) adds that the scientific conservation strategy involves using estimability and 

quantifiability criteria in ascertaining the numbers of biodiversity decline and curbing it using 

scientific approaches. It also involves the interplay of scientific approaches such as molecular 

biology, population genetics, mathematical modelling and evolutionary taxonomy in studying 

the genetic relationships between threatened and endangered species in adopting scientific 

ecological restoration strategies in preserving ecosystems (Hughes 2016). The scientific 
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ecological restoration include Species Data Analysis, Land Use Intensity, Ecological Assessment 

modules, Geospatial modelling modules, Gene Banks, Seed Banks, Cryopreservation of 

Gametes and Embryos, Tissue Cultural Banks, Long Captive Breeding, Animal Translocation, 

Creation of Wildlife Corridors and Using botanical and zoological gardens.  

1.2.1 Seed/ Gene Banks 

These are special cold storages that enhance biodiversity conservation where seeds or germ 

plasmas of some biodiversity resources are kept under controlled temperature and humidity of 

normal growing conditions (Mondal 2015). This helps in the conservation of biodiversity 

because it aids in maximizing the genetic variability and numbers of endangered and rare 

species. The nurtured species are reintroduced into the wild forest through tree nurseries to 

boost the numbers of biodiversity resources in a particular ecosystem. 

1.2.2 Species Data Analysis 

This process involves understanding the patterns of biodiversity species richness in an area for 

setting conservation priorities through numerical data analysis (Xu et al. 2016). Also, exotic 

species that have become pests for eradicating the indigenous biodiversity species are also 

identified through taxonomy indicators like the Digital Automated Identification System or the 

Barcode of life and arrested to improve biodiversity conservation. Missing or endemic species 

are easily detected using databases such as Encyclopedia of life and the Global Biodiversity 

Information Facility so that genes of such biodiversity species can be bred and reintroduced 

into the wild to conserve them. 

1.2.3 Animal Translocation 

This scientific ecological conservation method involves the transfer of endangered and 

threatened species from their original habitats due to habitat destruction (Mondal 2015). It is 

also carried out to avoid overcrowdings of species in a particular ecosystem due to population 

increase. This makes it impossible for the limited resources to cater for all the species thereby 

resulting in ‘the strong to survive’ situation. The weak species are thus left to die, thus 

translocation becomes essential in conserving the lives of these endangered biodiversity 

species.  

1.2.4 Creation of Wildlife Corridors 

This scientific ecological restoration approach is very useful for protecting specific migratory 

fauna species. The corridors created are made to resemble the movement patterns of those 

animals in a conservation area (Hughes 2016). The endangered migratory fauna species are 

thus lured into the conservation site such as a zoological garden for preservation. 

1.2.5 Land Use Intensity 

Burgi and Kizos (2015) explain the land use intensity as the specific effects of land use on 

biodiversity in the ecosystem. Thus, the intensity of the use of land for various purposes and its 

effects on the biodiversity resources in the ecosystem are assessed. Managerial strategies are 

then developed to curtail or reduce the intensity of the land use for developmental projects or 
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agricultural activities where bio-resources are rich or abundant. This reduces or alleviates 

habitat destruction that usually causes the extinction of biodiversity species. 

1.2.6 Long Captive Breeding Program 

In this method, the endangered species that have lost their habitats either permanently or 

temporarily are captured and maintained under long-term captive breeding to conserve them 

in a zoological garden or botanical garden (Xu et al. 2016). They are reintroduced to the wild 

when appropriate habitats that suit them are found or when the conditions of their original 

habitats become favourable. 

1.2.7 Ecological Assessment Module 

This scientific conservation method involves the use of resource provisioning and food security 

indicators as well as vulnerable species indicator to assess the biodiversity species of the 

natural resource base in an area (Brondizo et al. 2015). Conservation efforts are then carried 

out to improve the condition of the biodiversity species in the area. 

1.2.8 Cryopreservation 

It involves the application of technology for the preservation of biotic parts of biological 

resources (Mondal 2015). The conservation is done at very low temperatures in nitrogen liquid 

whereby the metallic activities of the organisms are suspended under lower temperatures. It is 

done purposely for research studies and education. 

CONCLUSION 

The restoration of degraded ecosystems in rural communities achieve excellent results when 

pluralistic approach of both traditional and scientific strategies. Environmentalists who engage 

in ecological restoration projects in local regions must not skew the ecological restoration 

approaches to only the use of scientific models but they should rather synergize the strategies 

and make use of the cultural methods of ecological restoration in the communities. This 

attempt would not only yield positive results in ensuring buoyant and stable ecosystems for 

biodiversity conservation, but would also ensure mass support from the local communities who 

would feel respected, consulted and active part of the ecological restoration project.  

REFERENCES 

[1]. Abdullahi, J., Usman, I., Samaila, G., & Zuni, A. (2013). Importance of Indigenous Knowledge 

in Biodiversity Conservation: A Case of communities Surrounding Kashimi Forest Reserve, 

Niger State, Nigeria. IOSR Journal of Environmental Science, Toxicology and Food 

Technology, Vol. 5, Issue 6, pp. 10-17 

[2]. Adom, D., Kquofi, S. & Asante, E. A. (2016). The High Impacts of Asante Indigenous 

Knowledge in Biodiversity Conservation Issues in Ghana: The Case of the Abono and 

Essumeja Townships in Ashanti Region.  British Journal ofEnvironmental Sciences, Vol.4, 

No.3, pp. 63-78. 

[3]. Adom, D. (2016a). Asante Indigenous Knowledge Systems: Repositories of Conservation 

Ethics for Ghana’s Biodiversity. Proceedings of the Academic Conference of Interdisciplinary 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

20 
 
 

Approach, 7, 2, UthmanDanfodio University, Sokoto, Ptf I Hall, Sokoto, Sokoto State, Nigeria, 

8-36. 

[4]. Adom, D. (2016b). Inclusion of Local People and their Cultural Practices in Biodiversity 

Conservation: Lessons from Successful Nations.  American Journal of Environmental 

Protection, Vol. 4, no. 3, pp. 67-78 

[5]. Adom, D. (2016c). The Philosophical Epistemologies of Asante Proverbs in Ghana’s 

Biodiversity Conservation. Journal of Environment and Earth Science, Vol. 6, No. 7, ISSN 

2224-3216 (Paper) ISSN 2225-0948, Vol. 6, No. 7. 

[6]. Adom, D. (2017a). Challenges to the Efficacy of Forestry and Wildlife Policies in Ghana for 

Environmental Protection: A Review. African Journal of Agricultural Research, 2017, Vol. 12, 

No. 39, pp. 2858-2876 

[7]. Adom, D. (2017b). Promoting Cultural Traditions, Social Inclusion And Local Community 

Participation In Environmental Development Schemes Promoting Cultural Traditions, Social 

Inclusion and Local Community Participation in Environmental Development Schemes. 

Global Journal of Science Frontier Research: Environment and Earth Science, Vol. 17, No. 2, 

pp. 34-68 

[8]. Adom, D. (2018). Traditional Cosmology and Nature Conservation at the Bomfobiri Wildlife 

Sanctuary of Ghana. Nature Conservation Research, Vol. 3, No. 1, pp. 23-44 

[9]. Adom, D., Opoku, M., Newton, J. P. &Yeboah, A. (2018). Adinkra Cultural Symbols for 

Environmental Sustainability Education in Ghana. World Environment, 2018, Vol. 8, No. 2, 

pp. 36-46 

[10]. Adom, D., Umachandran, K., Asante, D. B., Ziarati, P. &Sawicka, B. (2019). The Concept, 

State, Roles and Management of Protected Areas in Ghana: A Review. Acta Scientific 

Agriculture, Vol. 3, Issue 1, pp. 68-76 

[11]. Adom, D., Umachandran, K., Ziarati, P., Sawicka, B. &Sekyere, P. (2019). The Concept of 

Biodiversity and its Relevance to Mankind: A Short Review. Journal of Agriculture and 

Sustainability, Vol. 12, No. 2, pp. 219-231 

[12]. Ajani, E. N., Mgbenka, R. N. &Okeke, M. N. (2013). Use of Indigenous Knowledge as a 

Strategy for Climate Change Adaptation among Farmers in Sub-Sahara Africa: Implication 

for Policy.  AsianJournal of Agricultural Extension, Economics & Sociology, Vol. 2, No. 1, pp. 

23-40 

[13]. Alexander, S., Aronson, J., Whaley, O. & Lamb, D. (2016). The Relationship between 

Ecological Restoration and the Ecosystem Services Concept. Ecology and Society, 21(1):34 

[14]. Aradotta, A. L. & Hagen, D. (2013). Ecological Restoration: Approaches and Impacts on 

Vegetation, Soils and Society. Advances in Agronomy, Vol. 120, pp. 173-222 

[15]. Aronson, J., Milton, S. J. &Blignant, J. N. (2007). Definitions and Rationale, pp. 3-8 IN 

Aronson, J., Milton, S. J. &Blignant, J. N. (eds). Restoring Natural Capital: Science, Business, 

and Practice. Washington, D.C.: Island Press 

[16]. Attuquayefio, D. K. &Fobil, J. N. (2005). An Overview of Biodiversity Conservation in 

Ghana: Challenges and Prospects. West African Journal of Applied Ecology, Vol. 7, pp. 1-18 

[17]. Berkes, F. (2012). Sacred Ecology (3rd ed.). New York: Routlege 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

21 
 
 

[18]. Bradley, C., Emmet, D. J. & Gonzalez, A. (2012). Biodiversity Loss and Its Impact on 

Humanity. Nature, vol. 486, pp. 59-67  

[19]. Breuer, D. (2002). Community Participation in Local Health and Sustainable 

Development Approaches and Techniques. European Sustainable Development and Health 

Series, 4, EUR/ICP/POLC. 

[20]. Brondizo, E. S., Anderson, K. P., Arza, F. S. & Cardenas, R. P. (2015). Bolivian proposal to 

the CBD. Bolivia: Government of Bolivia 

[21]. Burgi, M., Li, L. &Kizos, T. (2015). Exploring Links between Culture and Biodiversity: 

Studying Land Use Intensity from the Plot to the Landscape Level. Biodiversity Conservation, 

Vol. 24, pp. 3285-3303 

[22]. Cardak, O. &Dikmenli, M. (2016). Student Science Teachers’ Ideas about the 

Degradation of Ecosystems. International Education Studies, Vol. 9, No. 3, pp. 95-103 

[23]. Chazdon, R. L., Harvey, C. A., Komar, O., Griffith, D. M., Ferguson, B. G., Martinez-Ramos, 

M., Morales, H., Nigh, R., Soto Pinto, L., van Breugel, M. & Philpott, S. M. (2009). Beyind 

Reserves: A Research Agenda for Conserving Biodiversity in Human Modified Tropical 

Landscapes. Biotropica, 41(2):142-153 

[24]. Cho, R. (2011). What You Can Do Protect Biodiversity. http://www.earth.columbia.edu 

(Accessed 5/2/2019) 

[25]. Clewell, A. F. & Aronson, J. (2009). Ecological Restoration- Principles, Values, and 

Structure of an Emerging Profession. Washington, D. C.: Island Press 

[26]. Convention on Biological Diversity (2012). Ecosystem Restoration. Hyderabad, India: 

UNEP/CBD/COP Decision XI/116. 

[27]. Crawhall, N. (2014). Guidelines Towards Integrating African Indigenous and Traditional 

Knowledge in National Adaptation Plans, Platforms and Policies, viewed 2 November 2015, 

http://ipacc.org.za/uploads/docs/BujumburaEnglishStrategicPlan.pdf 

[28]. Gadzekpo, A. (2013). Cultural Innovation for Sustainability in Ghana: Back to Proverbial 

Wisdom. Dubrovnik: Inter University Centre, http://www.ceres21.org (Accessed 12/1/2019) 

[29]. Hughes, H. (2016). Precollege Science Education Initiative for Biomedical Research. 

www.learn.genetic.utah.edu (Accessed 11/1/2019) 

[30]. Infield, M. &Mugisha, A. (2013). Culture, Values, and Conservation: A Review of 

Perspectives, Policies and Practices. Cambridge, United Kingdom: Fauna and Flora 

International 

[31]. Intergovernmental Platform on Biodiversity and Ecosystem Services (2013). Thematic 

Assessment on Land Degradation and Restoration. Bonn, Germany: IPBES 

[32]. International Institute for Environment and Development (1992). Indigenous 

Knowledge, Biodiversity Conservation and Development. www.iied.org (Accessed 

29/12/2018) 

[33]. International Union for Conservation of Nature (2014). Protected Planet Report 2014. 

https://www.iucn.org (Accessed 12/12/2018) 

[34]. Iyoro, A. O. &Ogungbo, W. O. (2013). Management of Indigenous Knowledge as a 

Catalyst towards Improved Information Accessibility to Local Communities: A Literature 

http://www.earth.columbia.edu/
http://ipacc.org.za/uploads/docs/BujumburaEnglishStrategicPlan.pdf
http://www.ceres21.org/
http://www.learn.genetic.utah.edu/
http://www.iied.org/


AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

22 
 
 

Review. Chinese Librarianship: an International Electronic Journal 35, 

http://www.iclc.us/cliej/cl3510.pdf (Accessed 30/12/2018) 

[35]. Janishevski, L. Santamaria, C., Gidda, S. B., Copper, H. D. &Brancalion, P. H. S. (2015). 

Ecosystem Restoration, Protected Areas and Biodiversity Conservation. Unasylva, 245, Vol. 

66, 2015/3 

[36]. Johnson, M. (1992). Research on Traditional Knowledge: Its Development and Its Role In: 

Johnson, M (ed.), Lore: Capturing Traditional Environmental Knowledge. Ottawa: 

International Development Research Centre, pp. 3-27 

[37]. Mapira J. &Mazambara P. (2013). Indigenous Knowledge Systems and their Implications 

for Sustainable Development in Zimbabwe. Journal of Sustainable Development in Africa, 

Vol. 15, No.5, pp. 23-31 

[38]. Materer, S., Valdivia, C., & Gilles, J. (2002). Indigenous Knowledge Systems: 

Characteristics and Importance to Climatic Uncertainty, Department of Agricultural 

Economics Working Paper No. AEWP 2001-2003, University of Missouri, Columbia 

[39]. Matsika, C. (2012). Traditional African Education: Its Significance to Current Education 

Practices with Special Reference to Zimbabwe. Gweru: Mambo Press 

[40]. May, R. M. (2000). The Dimensions of Life on EarthIn Raven, PH (Ed.), Nature and Human 
Society: The Quest for a Sustainable World, National Academy Press, Washington DC, pp. 
30-45.  

[41]. Mondal, P. (2015). Conservation of Biodiversity: In-Situ Conservation and Ex-Situ 

Conservation. www.yourarticlelibrary.com>biodiversity (Accessed 2/01/2019) 

[42]. Montagnini, F., Islas, A. S. & Santana, M. R.A. (2008). Participatory Approaches to 

Ecological Restoration in Hidalgo, Mexico. Bois ET Forets des Tropiques, No. 295(1) 

[43]. Msuya, T. S. &Kideghesho, J. R. (2009). The Role of Traditional Management Practices in 

Enhancing Sustainable Use and Conservation of Medicinal Plants in West Usambara 

Mountains, Tanzania. Tropical Conservation Science, Vol. 2, No. 1, pp. 88-105 

[44]. Njunkwa K.M., Community Participation as a Tool for Development: Local Community’s 

Participation in Primary Education Development in Morogoro, Tanzania, Master’s Thesis, 

Faculty of Economics and Social Sciences, University of Agder, Tanzania, 2010. 

[45]. Rahman, H., Ramaiyan, K., Kishore, K. &Denzongpa, R. (2009). Traditional Practices of 

Ginger Cultivation in Northeast India. Indian Journal of Traditional Knowledge, 8(1): 23-28 

[46]. Remoundou, K. &Koundouri, P. (2009). Environmental Effects on Public Health: An 

Economic Perspective. International Journal of Environmental Research and Public Health, 

Vol. 6, Issue 8, pp. 2160-2178 

[47]. Sarkar, S. (2008). Norms and Conservation of Biodiversity. Resonance Journal of Science 

Education, Indian Academy of Sciences, Vol. 13, No. 7, pp. 627-637 

[48]. Science for Environment Policy (2015). Ecosystem Services and the Environment. In-

depth report 11 produced for the European Commission, DG Environment by the Science 

Communication Unit, UWE, Bristol 

[49]. Sinclair, J. R., Tuke, L. &Opiang, M. (2010). What the Local Know: Comparing Traditional 

and Scientific Knowledge of Megapodes in Melanesia In:Tidemann, S, Gosler, A, & Gosford, 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

23 
 
 

R (eds), Ethno-Ornithology: Global Studies in Indigenous Ornithology: Culture, Society and 

Conservation London: Earthscan 

[50]. Society for Ecological Restoration (2004). The SER Primer on Ecological Restoration. 

Washington, D.C.: Society for Ecological Restoration International 

[51]. Tunón, H., Kvarnström, M. &Naptek, P. M. (2015).  Indigenous and Local Knowledge in a 

Scoping Study for a Nordic IPBES Assessment, Taberg Media Group, Uppsala  

[52]. Tyagi, S., Garg, N. &Paudel, R. (2014). Environmental Degradation: Causes and 

Consequences. European Researcher, Vol. 81, No. 8-2, pp. 1491-1498 

[53]. UNESCO (2003). Cultural Diversity and Biodiversity for Sustainable Development. 

http://www.unesco.org (Accessed 5/1/2019) 

[54]. Ward, H. G. (1989). African Development Reconsidered: New Perspectives from the 

Continent. New York: Phelps-Stokes Institute Publications 

[55]. Wilder, B. T., O’Meara C., Monti L. &Nabhan, G. P. (2016). The Importance of Indigenous 

Knowledge in Curbing the Loss of Language and Biodiversity. BioScience, Vol. 66, No. 6, pp. 

449–509 

[56]. World Bank (2010). Toward a Clean, Green, Resilient World for all. www.worldbank.org 

(Accessed 03/2/2019) 

[57]. Xu, H., Wu, J., Liu, Y., Ding, H., Zhang, M., Wu, Y., Xi, Q. & Wang, L. (2016). Biodiversity 

Congruence and Conservation Strategies: A National Test.  Bioscience, vol. 66, issue 4, pp. 

632-639 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.unesco.org/


AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

24 
 
 

Management of plant diseases using nanotechnology: As modern approaches 

Article id: 11216 

Pragalva Panda1* and Kamal Ravi Sharma2 
1Department of Plant Pathology, CA, OUAT, Bhubaneswar, Odisha- 751 003 

2Department of Entomology &Agril. Zoology, BHU, Varanasi- 221 005 

INTRODUCTION 
The agriculture crops are vulnerable to attack number of plant pests and pathogens 

which is cause significant loss in crop production and it estimated about 20 to 40 per cent every 

year in the globe (Flood, J, 2010). Last five decades, after green revolution, farmers rely heavily 

on the application of pesticides, such as insecticides, fungicides, and herbicides for pest 

management. Despite of many advantages, like high availability, quick action, and reliability, 

pesticides have also several harmful side effects towards non-target organisms, pest 

resurgence, and the development of resistance. Another drawback of these pesticides, it is 

reached only 10 % on their targeted site, remaining that 90% are lost during or after application 

(Stephenson, G.R, 2003). As a result of theses residues, adversely affected human health and 

environment, while the entry of these pesticides residues into food chain and their 

bioaccumulation triggers several unforeseen consequences (Sharma et al, 2018). 

Nanotechnology has emerging science, development of new ideas and concepts for 

agricultural products with great potential to increase the productivity as sustainable manners. 

Nanotechnology has mainly focus on advanced research in field of medicine and pharmacology, 

but has received comparatively less attention for agricultural applications. Last few years 

nanotechnology has also focus research in agriculture to explored in plant hormone delivery, 

seed germination, water management, transfer of target genes, nanobarcoding, nanosensors, 

and controlled release of agrichemicals and development of nanopesticides (Hayleset al., 2017). 

Nanotechnology have change the concept of pesticides with desired characteristics, like shape, 

pore size, and surface properties, so that they can then be used as protectants or for precise 

and targeted delivery via adsorption, encapsulation, and conjugation of an active. Now 

Nanotechnology are develops in agricultural field, the potential to provide a new generation of 

pesticides and other actives for plant disease management will greatly increase. This article is 

mainly focus on the potential of nanotechnology in field of crop protection with special 

reference in plant diseases management. 

Nanotechnology in Plant Disease Management 

Detection of phytopathogens 
Plant pathogens are infected to plant from germination to harvesting stage of crops and 

also on seed in storage.  Forthcoming detection of plant pathogens would help in timely 

management of these pathogens with the application of pesticides in the field as well as 

storage (Bergeson, 2010). Nanoparticles can be used as biomarkers or as a rapid diagnostic tool 

for detection of plant pathogens such as bacteria, viruses and fungi. Nanoparticles primarily 

based sensors may supply improved detection limits in detection infectious viral 
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phytopathogens in crops. Nanoparticles will either be directly changed to be used in infective 

agent recognition or for a diagnostic tool to detect compounds indicative to infected condition 

of the plant. Nano-chips are used as a detector tool as a form of microarrays that contain 

fluorescent oligo capture probes through that the sexual union are often detected. The 

nanochips are high specific tools and it is famous for their high sensitivity and specificity in 

detection of single nucleotide change in bacteria and viruses. Fluorescence silica nanoparticles 

with the combination of antibodies are used to 

detect Xanthomonasaxonopodis pv. Vesicatoria that causes bacterial spot disease in plants and 

the utilization of nano-gold primarily based immune sensors that would sight Karnal bunt 

disease in wheat (Tilletia indica) using with Surface Plasmon Resonance (SPR) (Singh et al., 

2010). Application of SPR sensing element within the seed certification and plant quarantines 

could prove extremely effective and correct within the detection of infection in plants. Analysis 

on infective agent detection nanosensors for his or her field application would be extremely 

valuable for fast diagnosis and disease management. 

Nanoparticles as Protectants 

 Using the nanoparticles as plant protectants is a novel and fancy approach that may 

prove very effective in future with the progress of application aspect of nanotechnology. 

Nanoparticles are ultra-small size of the particle range from 10 to 100 nanometers (nm), and 

their very high degree of reactivity/sensitivity, and can be designed with unique chemical, 

physical, and biological properties, to distinctively differ from those of their molecular and bulk 

counterparts. Nanoparticles alone have the potential to be directly applied to plant parts, 

seeds, foliage and roots for protection against phytopathogens such as insects, bacteria, fungi, 

and viruses. The number of metals nanoparticles such as silver, copper, zinc oxide, and titanium 

dioxideis intensively used in pesticide researched to find out for their antibacterial, antifungal 

properties, and also their antiviral properties. There are number of literature reviews pertaining 

to the individual nanoparticles that already exist. Generally the silver had been non toxic to 

microorganisms, whereas silver nanopartcles have inhibited the colonization of Straphylococcus 

aureus, Pseudomonas aeruginosa and Escherichia coli. Silver nanoparticles have shown 

antifungal inhibition of Alternaria alternata, Sclerotiniasclerotiorum, Macrophominaphaseolina, 

Rhizoctonia solani, Botrytis cinerea, and Curvularialunata by well diffusion assay. Antibacterial 

activity of zinc nanopartcles against P. aeruginosa has been also reported by Jayaseelanet al. 

(2012).  The synthesized Ag NPs/PVP also shows the antibacterial activity against the 

Straphylococcus aureus, P. aeruginosa and E. coli and antifungal activity against different yeast 

and molds such as Candida albicans, C. krusie, C. glabrata and Aspergillus brasiliensis.Cuo NPs 

has also showed that the antibacterial activity against S. aureus, P. aeruginosa, Bacillus subtilis 

and E. coli (Azamet al., 2012). However, Micronutrients, CuSo4 and Na2B4O7 reposted that the 

found effective in controlling rust disease of field peas. Micronutrient like zinc and manganese 

also suppressed the damping off and charcoal rot diseases in sunflower (Abd El-Hai et al., 

2009). All these nanoparticles showed their immense potential for plant disease management 

against fungal and bacterial pathogens. 
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CONCLUSIONS 

Nanotechnology is emerging science in agricultural research and it has potential 

prospect of use and application in plant diseases management. Nanotechnology provided a 

tools for disease diagnosis and development of nanoparticles as a plant protectant against the 

plant pathogens which improve improved solubility of poorly water-soluble pesticides, 

increased bioavailability and efficacy of pesticides and reduced pesticide toxicity against non 

targeted host, reduced the environment al pollutions and it also improve the selective toxicity 

and overcome pesticide resistance. 
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INTRODUCTION  
Orchids are a very unique family of flowers; they are the largest family of flowering plants. The 

orchid has evolved so successfully that there is only one continent in the world where they do 

not grow naturally? Antarctica. The evolutions of the orchids mean that they have learnt to 

adapt to each individual environment. During this process of adaptation the orchid has drawn 

on arachnids, insects, birds and butterflies to ensure its successful pollination. We all have an 

idea that orchids are a beautiful flower? Some are not; however, their achievements of survival 

still make them worthy of admiration. Orchids are used as flavouring agent in food, salad, main 

courses as deserts and to prepare teas. Vanilla is the most famous orchid for its flavour and has 

been used to flavour food & beverages and tobacco (in Cuba). Recently has been discovered by 

the Europeans that orchids have been used in Africa as food for hundreds of years. A recent 

expedition of botanists revealed that over 77 species of orchids are used as food in Africa. Not 

only are orchids edible, but also it is a source of fibre and vitamin C. Its taste is reported to be 

somewhat sweet; others say it tastes like tannin or raw chives. 

The many uses of orchids 

Not only are orchids beautiful to look at, but many orchids having edible uses that you may not 

know about. In fact, edible orchids have been ingested in a variety of forms for medicinal 

purposes for a very long time. Ancient Greeks believed that consuming orchid tubers could 

increase fertility and traditional Chinese medicine has made use of different types of orchids to 

help with eyesight and even treat cancer. All orchids are considered safe for human 

consumption, something that is not entirely true as many people are allergic and suffer from 

stomach-ache   

ORCHIDS - USED AS FOODS 

VANILLA:  

 

Vanilla is used for flavouring foods and beverages. Centuries ago, when “vanilla” was brought 

to Europe from America, it was considered to be an aphrodisiac. The general believe was that 
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it also had therapeutic values and could help with digestion and headaches. There is a lot of 

information available online about Vanilla. Vanilla is being produced commercially and 

therefore, it is not an endangered species. 

ORCHID ICE CREAM 

 

Food product made from salepis called dondurma which is also known as Turkish 

orchid ice cream. This particular ice cream is not like normal ice cream instead it is very chewy 

and resistance to melting. The ice cream is made with milk, sugar, salep, and mastic (provides 

the chewy texture) and is kneaded either by hand or in a mixer. The ice cream is very 

commonly seen in Turkey and also in Greece where it’s referred to as Dudurmas or Kaimaki.  

 

SALEP:  

 

A very popular product made from orchids is called salep, which is made from the 

Orchis tubers by drying them out and grinding them down into a powder. This powder is 

popular for making desserts, bread, and drinks. The most popular use of salep is to make a hot 

beverage that is often found in Turkey, Greece, England, and Germany and is also found in 

Asia and India. The powder is mixed with hot milk and then flavored with a little cinnamon, 

nutmeg, or ginger. Because the drink is so popular, it is now illegal to export the powder in 

order to help conserve the wild orchid population.  

 

 

 

KAIMAKI ICE CREAM: 
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Famous Greek Creamy Ice Cream that contains “Masticha” (Gum Mastic) which gives 

it the chewing texture and Salep powder as a thickening agent. A similar ice cream called 

“Dondurma” is produced in Turkey. 

CHIKANDA:  

Popular Zambian dish. A brown jelly, also sold at roadsides by the slice. Prepared by 

pounding the orchid tubers to remove the skins, then grinding to produce the “yellowish flour” 

which is then mixed with water, soda, salt to test and peanut flour to adjust the thickness. The 

mix is poured into a suitable container and left to set and cool. The growing appetite for 

“Chikanda” had a dramatic impact on orchid populations in the whole of East Africa. 

 

CHINAKA:  

 

 

 

 

 

 

Malawi delicacy. Used like “Relish”. According to locals, Chinaka is not only a delicacy 

but also a powerful medicine that protects people from diseases and provides them with 

energy. Satyriumcursoniiis the preferred species; however, other species like Disaenglerian, 

Disarobusta, Disazombica, Habenariaclavate, Satyriumambylosaccos, Satyriumbuchanii, etc do 

the job too. The tubers are cleaned, pounded in a mortar and cooked preferably with a locally 

produced “baking powder” called “Chidulo”. If Chidulo is not available, sodium bicarbonate 

can be used in its place. In a few minutes, a “cake” mix is produced which is poured into a 

container and left to cool and solidify. To finish, the “cake” is cut into small pieces and cooked 

with groundnut sauce or tomatoes. Chinaka the “relish” is ready. 

 

OLATSHE:  

 

Popular bhutan dish, part of the local diet. The preferred orchid for this dish is Cymbidium 

hookerianum. The flowers (open or not) are removed from the stalk, washed and boiled in 

water until soft. After draining the water a mixture of spices, melted cheese and salt are 
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added. After five minutes cooking, the dish is ready. Olatshe can be served with rice, noodles 

or simply used as a dip. The orchid flowers add bitterness and the additional spices are added 

to offset that bitterness. 

 

OLACHOTO: 

 

 

 

 

 

ItisanotherBhutandelicacywhichusesCymbidiumflowers. 

Cutintopieces boiled,strained(optional)andcookedwithmeat(optional),chilli 

&cheeseorstir- fried aswell. 

 

DENDROBIUM AS AN EDIBLE ORCHID:  

 

The genus Dendrobium is famous in the US as food-orchid. Dendrobium hybrid 

(bigibbum type) flowers are sold in the US as edible decorations for food. Mature canes of 

many “soft-cane” Dendrobiums are being stir fried in many Asian countries, also being used for 

making sauces in Japan and Singapore. In Thailand, Dendrobium flowers are served by dipped in 

butter and deep fried, while many Europeans garnish desserts and cakes by using Dendrobium 

flowers. The pseudo- stems of Dendrobium kingianum have been used as food by the 

aborigines in Australia since long time. 

Dendrobium chrysotoxum flowers and Dendrobium cathenatum canes are dried and 

consumed as tea. Dendrobium longicornu flowers are pickled by the “Tamang” community 

people of Nepal. In Hawaii, locals use orchids to prepare salad dishes, sugar coated candies, and 

main dishes orchids cooked with scallops. The fragrant leaves of Dendrobium salaccense are 

used as a condiment for rice in Malaysia.In China many Dendrobium species are used to 

prepare healing teas. Dendrobium cathenatum canes are boiled for tea to regain strength after 

sex or illness. 
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OTHER USES: 

 

A teaknown as “Bourbontea” wasused200 yearsago asa sedative.It wasmadeout of an infusion 

of certain fragrant orchids. In Malawi, the orchid tubers are used to treat coughing, abdominal 

pains, heart attack, eye sore, ring worm, rheumatism and kidneys problems. In Japan, sun 

dried orchid flowers are made into tea. In China, Orchid Wine is popular and has been noticed 

in the International Wine Exhibition in Shanghai. Allegedly looks like dark coffee. Oils from 

fragrant orchid flowers are being used in the production of hair shampoos, soaps as well as 

perfumes. There are many other uses; however, most orchids used, Dendrobiums, 

Phalaenopsis, etc. are commercially produced. The orchids that are in danger of extinction are 

predominantly Terrestrial orchids and the countries where orchids are being harvested from 

the wild are predominantly China, Turkey and Tanzania and their neighbouring countries. In 

China Slippers are used to feed domesticated animals like pigs. As I understand it, the list of 

orchid flower importing countries includes all European (especially Germany and England) 
 

CONCLUSION 

Edible orchids not only add colour to our plate but also present numerous health 

benefits. Vanilla and Salep are widely used as a delicious flavouring, beverages and wonderful 

perfume. Many underutilized plant species possess multiple uses including their edible 

nature. There is a need to identify such plant species and work out suitable measures to 

identify their properties. More researches should be conducted to fully utilize edible flowers 

which will ultimately increase the acceptability of edible flowers as potential food ingredients 

and avoid the potential hazards 
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ABSTRACT 

Rural agricultural service centre is a centre which provides the all agricultural services related to 

farming and its activities in rural area. It based on group/ ICT based system and it connected 

with research institutes in the region with state network like KVKs, ARS and Universities etc. It 

operated by agricultural allied sector graduates with initial capacity building or training 

provided to them at nodal agency. It could be well connected to all available ICT. It will helps 

the farmers to get diversified information at their door steps and helps in making right 

decisions at right time. Agents take all calls, answer questions, forward the caller to a specialist 

or refer the caller to other information sources. It at as a custom hiring centre it provides the  

all agriculture input on rant to small and marginal farmer and seeds and fertilizers to farmer 

based on demand and recommended for particular agroclimetic zone by the scientist. It also 

provide some other facilities like soil testing, weather-forecasting, current crop price, 

consultations on agro-based venture, organic farming , crop exhibitions and contact village to a 

agro-based industry and other input supply company to supply input at remunerable price to 

farmers.  
 

INTRODUCTION 

 “India lives in its villages" said Mahatma Gandhi, a great freedom fighter and father of our 

nation. In these villages, agriculture is the primary source of livelihood along with dairying, 

fishring, cottage industries, etc. According to 2011 census, rural area has population of 68.84%, 

whereas urban area has population of 31.16% or two – third of Indian population live in rural 

area. 70 per cent of the rural households depend on agriculture. Agriculture is an important 

sector of Indian economy as it contributes about 17% to the total GDP and provides 

employment to over 60% of the population. It is fact that the rural population is suffering more 

consequences for livelihood as compared to urban areas. The difficulties of livelihood may be 

forcing rural population to migrate to the urban areas presently, rural development mainly 

focuses on poverty alleviation, better livelihood opportunities, and provision of basic amenities 

and infrastructure facilities through ICTs based innovative programmes. Better livelihood in 

rural area may reduce disturbing effects of poverty, unemployment and inadequate 

infrastructure on urban centres causing slums and consequential social and economic tensions. 

Hence, rural development is concerned with economic growth with social justice, improvement 

in the living standard of the rural people by providing adequate and quality social and economic 

services and minimum basic needs becomes essential. Such rural development programme not 

only improve livelihood in rural area, but also may reduce the migration, of rural population in 

urban areas for employment and reduce pressure on urban infrastructure. The efforts of rural 
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development may not work on the same principle as of smart city. Hence, utilization of 

Information Technology, which has proved its potential for the development, may be used for 

rural development through a concept of “Smart Village”. We define smart village as a bundle of 

services delivered to its residents and businesses in an effective and efficient manner. The 

Smart Village ecosystem is built on the STERM (Science, Technology, Engineering, Regulations 

and Management) framework.The Smart Village concept will be based on the local conditions, 

infrastructure, available resources in rural area and local demand as well as potential of export 

of goods to urban areas. There is an urgent need for designing and developing “Smart Village”, 

which are independent in providing the services and employment and yet well connected to the 

rest of the world. Based on various programs undertaken taken by Central and state 

governments along with further technological initiatives, the Smart Village can achieve SMART 

infrastructure, SMART service delivery, SMART technology and innovation, SMART institutions 

along with optimal mobilization and utilization of available resources, leading to faster and 

more inclusive growth. Information and communications technologies (ICTs) have proved its 

vast potential for the benefit of mankind in various fields. Information and communications 

technologies (ICTs) are often used to assure the right to an education and learning, and have a 

potential to serve developing needs. The various researchers have recognized the potential of 

ICTs for rural development and it may play key role for the fast and sustainable development of 

rural India incoming years. ICT have a large potential for enhancement of rural life through its 

applications in various areas of the rural village development. Introduction of innovations, new 

ideas and best practices of self-management is the key feature as well as an important strategy 

for the Smart Village. Knowledge management along with ICT will focus on strengthening both 

capacities and systems of the community. 
 

Rural Agricultural Service Centre (Smart Agriculture System) 
Rural agricultural service centre (RASC) is a part of smart agriculture system in smart village 

system. It is totally ICTs based centre which provides the all agricultural services & information 

related to farming and its activities in rural area. It is operated by agricultural allied sector 

graduates with initial capacity building or training provided to them at nodal agency. It could be 

well connected to all available ICT. It will helps the farmers to get diversified information at 

their door steps and helps in making right decisions at right time. Apart from the needed 

information it provide all agriculture input on rant to small and marginal farmer and seed 

variety and fertilize to farmer based on demand and recommended for particular agroclimetic 

zone by the scientist. It also provide some other facilities like soil testing, weather-forecasting, 

current crop price, consultations on agro-based venture, organic farming, crop exhibitions and 

contact village to a agro-based industry and other details about input supply companies to 

supply input at remunerable price to farmer. It is well connected with all agricultural web portal 

and other institutions of collecting information related to agricultural and allied sectors. It 

provide need based information’s or services in rural area for development of agriculture and 

its allied sector.  
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Objective of RASC:  
1. Provide Information:RASC provide information related to agriculture and its allied sectors to 
the people in rural area. It also provides information’s related to agriculture marketing, new 
govt. agricultural sachems, information related to weather, Agro- based business and other 
beneficial rural development programme for rural people.  
 

 
                                  Fig: information area of RASC for smart village system 
It also provide consultation to the people related to agriculture and its related issue. It help in 
problem solving of people and give right direction for its solutions.  
 
2. Provide services (Backward and Forward linkage):RASC provide services related to 
agricultural activity to the people. It may be free of cost or may be remunerable price taken 
from people. Services related to Agriculture activity like –good quality seed, input, agriculture 
equipment, area based fertilizers,Soil testing facilities, marketing of product, contract farming, 
connect village with agro-based industry and conduct small training on crop production, organic 
farming, dairy farming, and horticulture etc. Agriculture related services like seed, input, 
fertilizers etc. provide through different Company on remunerable price to the farmers. In case 
of agriculture equipment it may be given on few rentto small and marginal farmer which are 
not able to purchase these equipment for agriculture activity. It give more probilities to small 
and marginal farmer in services because they are small landholder. Most of the small and 
marginal farmer agriculture labour they don’t have time to go market and purchases input for 
cultivation. They feel difficulty in going market and purchasing small quantity of seed, fertilizers 
and other equipment for agriculture operation. As most of they are not illiterate so they not 
aware of cost and quality of input and cheated by the people. In this conditions model help 
farmer to provide good all quality input to farmer at remunerable price and also supply timely 
input to the farmers.  
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                                    Fig: Services area of RASC for smart village system 
 
Sources of RASC for information and services  
1.Information sources: 1. Agricultural institutions both ICAR and SAU, state agriculture 

department, KVK, ARS and ATIC etc. 

2. Web portals:aAQUA, KISSAN Kerala, TNAU AGRITECH Portal, AGRISNET, DACNET, e-Krishi, 

ASHA, India Development Gateway (InDG) portal, Rice Knowledge Management Portal (RKMP), 

Agropedia,AGMARKNET, ITC-e-Choupal, EID Parry-Indiagriline, Indiancommodities. Com, 

Mahindra Kisan Mitra, IFFCO Agri-Portal, Agrowatch Portal, iKissan, etc. 

3.Knowledge centres/tele-centres: Village Knowledge Centres (VKCs) of M.S. Swaminathan 

Research Foundation (MSSRF) (Senthilkumaran, 2011) & others, Village Resource Centres 

(VRCs) of the Indian Space Research Organisation (ISRO), Community Information Centres 

(CICs), Common Service Centres (CSCs), etc. 

4.Telephony/mobile telephony: (m-agriculture initiatives): Farmers Call Centre (Kissan Call 

Centre), Lifelines India, IFFCO Kisan Sanchar Limited (IKSL), Fisher Friend, Reuters Market Light 

(RML) (Mittal et al., 2010), Mobile Advisory Services by Krishi VigyanKendras (KVKs) of Indian 

Council of Agricultural Research (ICAR), etc. 

5. Hybrid projects (ICTs with traditional extension elements): e-Sagu, Digital 

Green, e-AgriKiosk, e-Villages, Knowledge Share Centres, etc. 

 
Services sources:Services sources of RASC is all national and multinational input company, local 

person who have agricultural input and other stakeholder related to agricultural and allied 

sectors. Which are the nearest of the centre and also supply input timely on reasonable price to 

the client. 
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How it work:RASC work on participatory, change agent and client system approach. Centre 

owner is known as krishk – mitra or krishimitra is a change agent and farmers are the client. 

Krishk –mitra collect need based information’s & services from linkage institutions or other 

sources and disseminate the same among the farmer community. Dissemination of information 

& services among farmers in two way- 

 

1. Linkage institution- Krishk-Mitra- Farmers:Krishak – Mitra collected information’s from 

linkage institution and give directly to the farmers through face-to- face communications or 

may be through ICTs tool like SMS services etc. Krishak –mitra have two way 

communication with linkage institutions and farmers community. 

2. Linkage institution- Farmers: Here Krishak- Mitra connects people direct to sources of 

information for getting information and services. RASC owner can advise to farmer about 

right person or sources for getting help for particular problem. Farmers go there and meet 

directly with the sources or person without any middlemen. 

 

 

 

 

 

 

 

                          Fig: Information & services flow chart of RASC  
 
Farmers of villages are connected in both way with the Krishak- Mitra. They are getting 

information directly from the centre owner or they can take help from sources of information 

telling by the Krishak- Mitra. Centre owner also send SMS to the farmer for provide 

information’s for effective disseminations of information and services.  

 

Need of RASC  

1. Small and fragmented land-holdings:Sub-division and fragmentation of the holdings is one 

of the main causes of our low agricultural productivity and backward state of our agriculture. 

Because farmer are not able to purchase good quality seed and other input in small quantity for 

small holding cultivation due exorbitant prices of better seeds. This centre help farmers to 

provide need based input to the farmers.  

2. Agricultural Marketing:Agricultural marketing still continues to be in a bad shape in rural 

India. In the absence of sound marketing facilities, the farmers have to depend upon local 
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traders and middlemen for the disposal of their farm produce which is sold at throw-away 

price. 

3. Sustainability problems:Indian agricultural productivity is very less compared to world 

standards due to use of obsolete farming technology. ICTs interventions is necessary for 

sustainable agriculture development at grass root level.  

4. Illiteracy - Lack of education farmers depend on traditional means of agriculture and less 

exposure to scientific methods of cultivation. Farmers also pay high rate for input and not 

getting quality input. They not getting proper price of his product. This centre help of farmer to 

educate them. 

5. Middlemen and economic exploitation of farmers:There is need for elimination of 

middlemen for increasing the producer margin in product. It help in establishing the direct 

marketing link. 

6. Government program do not reach small farmers:Lack of proper infrastructure and 

communication facilities most of the farmers are not aware about many govt. programme or 

sachem. 

7. Special agricultural zone:Just like industrial zone, there is an urgent need to establish special 

agricultural zones, where only special farming and agriculture related activities should be 

allowed. This centre helps of farmers to link village with special agricultural zones to produce 

the raw material for their local industry so they get better price for their product. 

8. Need to modernize agriculture: By introducing farm techniques which guarantee a definite 

success, an increase in youth participation on agricultural fields is economically possible.  This 

can be attained only by implementing new technologies and ICTs intervention at field level.  

9. Alternate source of income for farmers:Small farmers should be encouraged to develop 

alternative sources of income and the government should take up the responsibility for 

providing training to the farmers to acquire new skills through this type of centre in rural area.  

Advantage of RASC 
1. Effective use of ICTs in rural area for agricultural development. 

2. Provide need based information & services to the people. 

3. Timely supply information’s & services to the right people in right direction.  

4. Saving time and money of farmers.  

5. Provide good quality input at remunerative price at village level to the farmers.  

6. Provide Innovative ideas for agricultural development to farmers. 

7. At village level, it provides first-hand knowledge, consultation and problem solving facilities 

related to agricultural activity at the door step of farmers. 
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8. Conduct exhibition, farmer’s fair, expert meeting and group discussion and other activity for 

creating awareness and motivating of farmers in village.  

9. Connect rural area with all available agricultural information and services sources through 

effective use of ICTs for sustainable rural development.  

10. Connect researches, extension agencies and farmers for better transfer of technology at 

grass root level through deployment of different ICTs tools.  

 

CONCLUSION: Agriculture is a major sources of income still in rural area of India. Major 

problem of farmer in rural area is lake of proper forward and backward linkage on different 

aspect of agricultural. There is a hung need to enhances the linkage of farmer through ICT 

interfere if we want to increasing the farmer income.So ICT based this RASC(rural agricultural 

services centre) model will be helpful to enhancing the backward and forward linkage of farmer 

as well as creating employment opportunity to agricultural student for income generation.      
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Extraction and development of natural food colour emulsion 

Article id: 11219 

Neha Chauhan: Department of Biotechnology (Assistant Professor), ITM University 

Gwalior(M.P) 

SurbhiAntarkar: Department of Food Technology (Assistant Professor), ITM University 

Gwalior(M.P) 

 

INTRODUCTION: 

Pigments of plant origin are gaining importance globally as a potential source of natural 

food colours for their versatility and so as to avoid a variety of health hazards caused by 

synthetic colours. The palatability of food is enhanced by attractive colours. Colour, possibly 

more than any other factor, influences the acceptance of products by consumers. Colour is 

often seen as synonymous with quality and is used as a strong indicator of product safety and 

value. Colour is an important element in enhancing foodstuffs, constituting one of the major 

dietary additives. The food industry has therefore resorted to enhancing or restoring the colour 

of foods to increase consumer acceptability. Consequently, over the centuries, colour has come 

to play a prominent role in things important to humans: food, medicine and physical 

appearance. Food colours can be classified primarily into two types, viz., natural colours and 

synthetic colours (permitted and non-permitted colours) (1).The objective of adding colour to 

foods is to make them appealing, augment the loss of colour during processing, to improve the 

quality and also to influence the consumer to buy a product [2]. 

Emulsion usually consists of at least two immiscible liquid phases one of which is 

dispersed as globules in the other liquid phase stabilized by a third substance called emulsifying 

agent. The common liquid phases are aqueous phase and oil phase. Aqueous phase consists of 

water and different gums as hydrocolloids, and oil phase consists of usually citrus oil based with 

weighting agent, brominated vegetable-oil, ester gum, sucrose acetate iso-butyrate, bees-wax 

etc. Another important ingredient of emulsion is emulsifier, which stabilizes an emulsion by 

increasing its kinetic stability.The objectives of the study were to assess the effect of 

hydrocolloids as emulsifying agents and to assess the effect of homogenization on emulsion 

stability [3].The reddish colour comes from the high amount of natural colourant that the oil 

possesses, which is from the carotenoids present in it. Buriti oil is also rich in a substance called 

tocopherols, which can form vitamin A, and oleic acid, which is believed to reduce cholesterol 

levels. As an emulsifier, we used a substance called polysorbate80, which is food-grade and is 

commonly used to produce ice cream [4]. 

 

RULES AND REGULATIONS 

Colours available in the market are termed as nature-identical colours, where the 

colours are manufactured by chemical synthesis as that of synthetic colours, but do not require 

US Food and Drug Administration (FDA) certification, and chemically and functionally, they are 
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undistinguishable from the natural colourant. The limitations to the use of natural food 

colorants are their low stability in the food processing procedures, formulation and storage 

conditions and the fact that they may also impart undesirable odour or flavour to the food. The 

selection of a food colourant is usually made after it is deemed satisfactory according to the 

following criteria: target shade, the physical/chemical attributes of the food matrix, stability to 

processing and storage conditions and regulatory issues. Natural colour additives are (as 

mentioned earlier) not included in the foods and food groups identified by Codex. ‘Natural’ 

colour additives are generally considered to be colour additives derived from plant or animal 

sources by extraction or other physical processing. Examples include carmine/cochineal, 

annatto extract, grape skin extract, turmeric, saffron and b-carotene.Currently, 43 colorants are 

authorized as food additives by the Council of the European Union, and have been assigned an 

E number. Sixteen of these are of plant origin. Juices or extracts from some fruits and 

vegetables are also used for colouring purposes. Worldwide, _70% of all plants have not been 

investigated at all, and the chemical composition of only 0.5% has been exhaustively studied. 

On the other hand, as many as 95% of all plants growing on the North American and European 

continents are known and have been catalogued. True food allergies are abnormal reactions of 

the immune system to the allergen. The allergens are typically naturally occurring proteins in 

the food. The allergies could be an immediate hypersensitivity reaction, developing within a 

few minutes to a few hours of ingestion of the offending food, or a delayed hypersensitivity 

reaction, where the symptoms do not appear in 24 h or more. Food intolerances occur through 

a number of different nonimmunological mechanisms like metabolic disorders, anaphylactoid 

reactions and idiosyncratic illnesses. The colouring compounds in natural colour additives are 

low-molecular-weight, non-protein chemicals that stimulate the immune system by binding to 

proteins and acting as haptens. Reactions to natural colour additives are reported only 

occasionally and are attributed to the presence of protein residues in colours such as carmine 

and annatto [1]. 

 

COMPOSITIONS: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ingredients Composition(50ml) 

Essential Oil 2.5 gm 

Sodium Benzoate  0.5 gm 

Colour Extract 0.5 gm 

Citric Acid 0.3 gm 

Emulsifier 1 gm 

Edible Oil 5 gm 

Distilled Water 35.4ml 
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Extraction of Colour: 

Annatto seed / Calendula Flowers were collected from the local market of Gwalior. The samples 

were dried in sun light and then weighted. After weighing, the product is transferred in to the 

air tight container to prevent moisture. The seeds were crushed by mortar pestle after crushing 

material are transferred in to the soxhlet extractor with petroleum ether(SRL research grade) to 

extract the pigment.After the extraction the solvent was removed to get the pure sample .  

Procedure: 

Dried Calandula flowers/Anattoseeds(Dried at 30-40 °C) 

 

 

Pigment extraction (Extraction through Soxhlet extraction) 

 

 

Mixing of pigment with edible oil 

 

Addition of Essential oil( Lemon grass/Lemon oil) 

 

 

Addition of Emulsifier (PGPR) 

 

Mixing with Homogeniser (3000 rpm for 20 min.) 

 

Put in the glass bottles 

 

Store at cooling temperature 

Fig.I: Processing of Natural Colour and Flavour Emulsion 
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Image I:Annatto Lemon Emulsion                 Image II: Calendula Lemon grass Emulsion 

Natural food colour and flavour emulsion 
 

 

CONCLUSION: 

Nowadays, natural dyes and colors have growing importance not only in dyeing but also 

because of their medicinal properties. As the awareness among people towards natural dyes 

and their therapeutic uses are increasing because of their nontoxic or less toxic properties, no 

side effects. To meet the need and demand of growing population, emerging technologies such 

as high hydrostatic pressure, pulsed electric fields. Our concern towards environment is also 

increasing day by day. The importance of understanding the effect of color on food choices and 

flavor perception is of  paramount to hospitality industry employees as well. To conclude, there 

is need for proper methods for extraction, documentation and characterization of dye yielding 

plants and animals and dye pigments obtained for further development of food industry to 

formulate the natural, safe, environmental friendly plant and animal pigments into 

therapeutically beneficial food forms for safe use. 
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Soil testing – a boon for the Indian farmers  
Article id: 11220 

Sahaja Deva  

 SMS (Crop Production), Krishi Vigyan Kendra, Darsi, ANGRAU 
 

INTRODUCTION: 

Farmers are using fertilizers indiscriminately which not only causing water and 

environmental pollution but also increase cost of cultivation. Soil will supply their native 

nutrients and also nutrients supplied through organic and inorganic fertilizers to plants. So it is 

very important to know the nutrient status of soil so that cost can be reduced by using proper 

dose of fertilizers, soil fertility will be increased and more and steady yields will be received. It 

will be better if soil testing will be done once in two years. Soil testing not only give results of 

nutrient status but also about soil pollution, type of soil, problems in soil, pH, electrical 

conductivity. 

Procedure of soil collection for Agriculture crops: 

1. Divide the field into different homogenous units and remove the surface litter at 

sampling spot 

2. Drive the auger to 15 cm depth in V shape and collect the soil from top to bottom from 

one side 

3. Collect the soil in the same way at 8-10 places and bring the soil collected to one place. 

4. Keep the soil on clean plastic sheet. Avoid urea or any other fertilizer bags. 

5. Mix the soil well and divide the soil into four parts. Remove the opposite and then mix 

the remaining two parts. 

6. Again divide the soil into four parts and remove the other opposite two parts. Continue 

this procedure until we get half kilo soil 

7. Remove the stones, roots, plant debris if any and then let it shade dry. 

8. After shade drying fill the soil in any polythene or cloth bag and send it for testing to any 

nearest soil testing laboratory with the following details: 

 Name of the farmer, survey number, village,mandal 

 Type of testing (alkalinity test/nutrient test/fruit crops) 

 Previous crop and fertilizers used 

 Crop to be sown 

9. Normally farmers will fill this details on paper and send for testing. It will be better if the 

same details are enclosed on top of the cover also and filling details with pencil will be 

better. 
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Source: Hanuman Prasad Pranewa 

 

Precautions while collecting soil sample: 

 Avoid bunds and water ways while collecting sample 

 Avoid area under tree shadow 

 Avoid places where compost heaps were placed (farm yard manure, vermicompost, 

green manures) 

 Avoid places where there is constant water stagnation 

 If land is very slopy then collect soil from top and bottom separately and send fro testing 

separately. 

 If you have doubt that soil is alkaline in one part of land then collect the soil of that area 

separately 

Procedure of soil collection for fruit crops: 

To know the suitability of soil for growing fruit crops and to know the nutrient status of soil 

where fruit crops are being to be grown collect the sample as follows: 

 Normally depending on the crop drive the auger for 3-5 feet (1-2 m) and collect soil 

from every one feet and send for testing 

 If you find any hard layers while driving auger take care of the depth and characteristics 

of that soil 

 Collecting the sample from 2-4 places is sufficient for fruit crops. 

 While sending for testing mention that this soil is for fruit crops  

 Follow the same procedure as for agriculture crops for sampling and then send for 

testing. 
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Control of seed and bud dormancy 
Article id: 11221 
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INTRODUCTION 

A condition of inactivity of seed is called seed dormancy and a condition of    inactivity of  bud is 

called bud dormancy. Morphological Dormancy is found in those plant families in which the 

embryo is not fully developed at the time of ripening. Stratification is a method of handling 

dormant seeds in the imbibed seeds are subjected to a period of chilling to after ripen the 

embryo. Scarification is process of breaking, scratching mechanically or softening the seed 

coverings to make them permeable to water and gases. The purpose of leaching is to remove 

inhibitors by soaking seeds in running water or by placing them in frequent changes of water. 

The length of leaching time is 12-24 hours. 

 

Types of Seed Dormancy 

A. Seed Coat Dormancy: 

1. Physical dormancy: A large number of plant families in which the seed coats and sometimes 

hardened section of the other seed coverings and impermeable to water. The embryo is not 

dormant but is sealed inside water impermeable covering that can preserve the seed at low 

moisture contents for many years even at warm temperature. 

 

2. Mechanical dormancy: Mechanical dormancy refers to seed coverings that are too hard to 

allow the embryo to expand during germination. In general, once water is absorbed by the 

seed, the expanding force of germination ruptures the seed cotes and breaks apart any other 

covering.  

 

3. Chemicaldormancy: Chemical that act as seed germination inhibitors have been extracted from 

various plant parts at identified. Such chemicals are produced and accumulate in the fruits as 

well as in the seed coverings. Fleshy fruits, or juices fruits, apple, pears, grapes, and tomatoes, 

etc. 

 

B. Morphological Dormancy 

 

 Morphological Dormancy is found in those plant families in which the embryo is not fully 

developed at the time of ripening. Additional embryo growth is necessary after separation of 

the seed from the plant and prior to germination. There are two groups with in this category;  

 

1. Rudimentaryembryo: Plants with rudimentary embryos produce seed with little more than a 

pre- embryo embedded in massive endosperms at the time of fruit maturation. 
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2. UndevelopedEmbryo: At fruit maturity some seeds have partially developed, torpedo-shaped 

embryos that may attain a side up to one half that of the seed cavity. Further embryo 

enlargement occurs prior to germination.  

C. Internaldormancy 

Several categories include seeds in which dormancy is internally controlled within the 

living tissues of the seed. Two separate phenomena are involved in the internal control of 

germination. The first is semi permeability of seed coverings. The second is dormancy present 

within the embryo i.e. overcome by exposure to the most chilling. 

 

1. Physiological dormancy: Freshly harvested seed of many herbaceous plants of the temperate 

zone have a physiological dormancy that tends to disappear with dry storage. The dormancy 

period may last for 1-6 months but disappears with dry storage during normal handling 

procedure. 

 

2. Intermediate Internal dormancy: Another type of dormancy is exercised primarily by the seed 

coverings and the surrounding storage tissues. The embryo itself is not dormant and is capable 

of more or less normal germination if it is excised from the seed and placed on aseptic nutrient 

agar. 

 

3. Embryo dormancy: Embryo Dormancy is characterized principally by the requirement of a 

period of moist- chilling for germination and the inability of the excised embryo to germinate 

normally. Dormant embryo is most common in seed of trees. Shrub and some herbaceous 

plants of the temperate zones and of even colder climates where seeds live in the ground over 

winter and germinate in the spring. 

 

4. Epicotyls dormancy: Some seed have separate stratification requirements for the radical. 

Hypocotyls and epicotyls. These species fall into two sub groups; 

 

I. Seeds that initially germinate during a warm period of 1-3 month to produce roots and 

hypocotyls growth but then require 1-3 month’s chilling to enable the epicotyls to grow. 

 

II. Seeds that require a chilling period to after ripen the embryo, following by a worm period for 

the root to grow, than a second cold period to simulate shoot growth. In nature such seeds 

require two full growing season to complete germination. 
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D. Double Dormancy 

Secondary dormancy is acquired after the seed has been separated from the plant. 

Although the terms might be applied o seed coat effect such as hard seeded ness that could 

develop by dehydration during storage, the term is best applied to a kind of embryo dormancy 

that can develop gradually if the intact seeds are exposed to environmental condition that 

allow imbibitions but prevent germinations. This type of dormancy develops after imbibitions of 

water by the seed and before emergence of the radical. Such condition can include high 

temperature, low oxygen supply and lack of light.s 

 

 
 

Treatment to overcome seed dormancy 

1. Softening seed coats and other coverings  

Scarification is process of breaking, scratching mechanically or softening the seed 

coverings to make them permeable to water and gases. 

A. Mechanical Scarification: Chipping hard seed coats by rubbing with send paper, cutting with a 

file, or cracking with a hammer are simple methods useful for small amounts of relatively large 

seed. For large scale mechanical operation, special scarifies are used. Seeds may be tumbled in 

drums lined with sand paper or in concrete mixture, combined with coarse sand gravel. The 

sand or gravel should be of a different size than the seed to facilitate subsequent separation. 

Scarification should not proceed to the point at which the seed are injured. 

B. Hot water scarification: Drop the seed into 4-5 times their volume of hot water 77-100o C. the 

heat source is immediately removed and the seed soaked in the gradually cooling water for 12-

24 hours. Following this the unswollen seeds can be separated from the swollen ones by 

suitable screens and either retreated or subjected to some other treatment. The seed should 

usually be planted immediately after the hot water treatment. 

C. Acid scarification: Dry seeds are placed in containers and covered with concentrated sulfuric 

acid (specific gravity 1.84) in a ratio of about one part seed and two part acid. Maximum 10 Kg 

seeds treated in a single time in the grass, earthenware or wooden, not metal or plastic 

containers. The mixture should be stirred carefully at intervals during the treatment to produce 

uniform results. The time of treatment may vary as little as 10 minutes to 6 hours depending 

upon the species. At the end of the treatment seeds are washed to remove the acid. 
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D. Worm moist scarification: Keeping seed in a no sterile, moist, warm medium (e.g. in 

nonpasturuzed sandy soil) for several months can soften seed coats through microorganism 

activity. Usually it is most effective for seeds heaving double dormancy where the worm moist 

scarification during the winter. 

E. High temperature scarification: Seeds of certain species of native plants with hard seed coats 

germinate extensively after a forest or range fire. Seed coats are modified by the high 

temperatures. This action allows release of the seeds which are then able to germinate. 

F. Harvesting immature fruits: Extracting seeds from immature fruits improves germination in 

certain tree species by avoiding the development of hard seed coats. Such seeds must be 

planted immediately without drying. 

 

2. Stratification 

Stratification is a method of handling dormant seeds in the imbibed seeds are subjected 

to a period of chilling to after ripen the embryo. 

A. Refrigerated stratification: Dry seeds should be fully imbibed with water prior to refrigerated 

stratification 12-24 hours of soaking at worm temperatures may be sufficient for seed without 

hard seed coats or coverings. Longer period (3-6 days) is required for hardy seed. 

After soaking, seeds are usually mixed with a moisture retaining medium such as sand, 

peat, moss, etc. in ratio one part seed 3 part moist medium. A fungicide may be added as a 

seed protected. Suitable containers are used. 

The usual stratification temperature is 0-10 C. The time required for stratification 

depends on the kind of seed. It may be 1-4 months. During this time the seed should be 

examined periodically if they dry, the medium should be remoist. When sprouting begins, the 

seed should be planted or moved to lower storage temperature.  

B. Out door stratification 

As an alternative to container stratification, seed requiring a cold treatment may be 

planted out of door directly in the seed bed, cold frame at a time of the year when the nature 

environment provides the necessary condition for ripening. 

3. Leaching: The purpose of leaching is to remove inhibitors by soaking seeds in running water or 

by placing them in frequent changes of water. The length of leaching time is 12-24 hours. 

 

4. Combinationof treatment: Multiple treatments are required for those seeds that have double 

dormancy. Treatment must be given in sequence, first one to soften the seed coat to allow 

uptake the water and second, and a chilling period to overcome embryo dormancy. 

5. Laboratory treatment to Overcome Dormancy 

I. Prechilling: For prechilling, placed imbibed seed at 5-10 C for 5-7 days before germination is 

attemped. 

II. Predrying:  In predrying, dry seed are subjected to 37-40 C for 5-7 days prior to germination. 

C. Daily alternation of temperature: When alternate temperature is required the usual 

combination is 15-30 C or 20-30 C with speed held at the lower temperatures for 16 hours and 

at higher temperature for 8 hours. 
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D. Lightexposure: Exposure of light can stimulate germination of much kind of seeds. Light should 

be provided by cool white fluorescent lamps at intensity of 800-1345 Lux for at least 8 hours 

daily. Seed must have imbibed moisture at the time of light exposure and should on top of the 

medium. 

E. Potassium nitrate treatment:  Many freshly harvested dormant seed germinate better after 

soaking in a 0.2% potassium nitrate solution. 

F. Hormonal control of dormancy and germination: Much experimental evidence supports the 

concept that the control of dormancy and germination is mediated by specific endogenous 

growth promoting and growth inhibiting hormones such as gibberellins, cytokines, ethylene, 

and inhibitors, primarily abscise acid. 

 

CONCLUSION: Scarification is process of breaking, scratching mechanically or softening the 

seed coverings to make them permeable to water and gases. Multiple treatments are required 

for those seeds that have double dormancy. Treatment must be given in sequence, first one to 

soften the seed coat to allow uptake the water and second, and a chilling period to overcome 

embryo dormancy. Stratification is a method of handling dormant seeds in the imbibed seeds 

are subjected to a period of chilling to after ripen the embryo.  
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INTRODUCTION 

Food and beverage packaging comprises 55% to 65% of the $130billion value of packaging in 

the United States (Brody 2008).Food processing and packaging industries spend an estimated 

15% of the total variable costs on packaging materials. Industrial processing of food, reduced 

consumption of animal protein, importation of raw materials and ingredients to be convertedin 

the United States, and scarcity of time to select/prepare foodfrom fresh ingredients have 

enhanced innovation in food and beverage packaging.This Scientific Status Summary provides 

an overview of the latest innovations in food packaging. It begins with a brief history offood and 

beverage packaging, covering the more prominent packaging developments from the past, and 

proceeds to more modernadvances in the packaging industry. 

History of food beverage packing 

After the inauguration of food microbiology by Louis Pasteur andcolleagues in the 19th century, 

Samuel C. Prescott and William L. Underwood worked to establish the fundamental principles 

ofbacteriology as applied to canning processes (Wilson 2007). Theseendeavors to preserve and 

package food were paralleled by several other packaging-related inventions such as cutting dies 

for paperboard cartons by Robert Gair and mechanical production ofglass bottles by Michael 

Owens. In the beginning of the 20th century, 3-piece tin-plated steel cans, glass bottles, and 

wooden crateswere used for food and beverage distribution. Some food packaging innovations 

stemmed from unexpected sources. 

Many packaging innovations occurred during the period between World War I and 

World War II; these include aluminumfoil, electrically powered packaging machinery, plastics 

such aspolyethylene and polyvinyl Dene chloride, aseptic packaging, metalbeer cans, 

flexographic printing, and flexible packaging. Most ofthese developments helped immeasurably 

in World War II by protecting military goods and foods from extreme conditions in warzones. 

Active and intelligent food packaging 

Intelligent or smart packaging is designed to monitor and communicate information about food 

quality (Brody and others 2001; Kerry and others 2006). Examples include time-temperature 

indicators (TTIs), ripeness indicators, biosensors, and radio frequencyidentification. These smart 

devices may be incorporated in package materials or attached to the inside or outside of 

apackage. 
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As of summer 2008, the commercial application of these technologies to food packaging has 

been small. However, the U.S. Food andDrug Administration (FDA) recognizes TTIs in the 3rd 

edition ofthe Fish and Fisheries Products Hazards and Control Guidance, sotheir importance 

may increase in the seafood industry. Moreover,Wal-Mart, Home Depot and other retail outlets 

use radio frequencyidentification, so it is likely to become very prominent as a mechanism for 

tracking and tracing produce and others perishable commodities. 

New advances and key areas of change 

Sustainable food packaging:Three concepts populate the key areas of change within 

foodpackaging. The first is the trend toward more sustainable packaging. While there are 

multiple definitions of sustainable packaging, the Sustainable Packaging Coalition, an 

international consortium of more than 200 industry members, offers the most 

accepteddefinition. Sustainable packaging is characterized by the followingcriteria: 

 It is beneficial, safe, and healthy for individuals and communities throughout its life cycle. 

 It meets market criteria for performance and cost. 

 It is sourced, manufactured, transported, and recycled using renewable energy. 

 It maximizes the use of renewable or recycled source materials. 

Advances in food packaging 
 

RFID systems for packaged foods:Radio frequency identification (RFID) is a system that uses 

radio waves to track itemswirelessly. RFID makes use of tags or transponders (data carriers), 

readers (receivers), and computer systems (software, hardware, networking, and database). 

The tags consist of an integrated circuit, a tag antenna, and a battery if the tag is passive (most 

active tags do not require battery power). The integrated circuit contains a non-volatile 

memory microchip for data storage, an AC/DC converter, encode/decode modulators, a logic 

control, and antenna connectors. The wireless data transfer between a transponder/tag and a 

reader makes RFID technology far more flexible than other contact identifications, such as the 

barcode system (Finkenzeller 2003; RFID Journal Inc. 2005), and thus makes it ideal for food 

packaging. The working principles of an RFID system are as follows: 
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 Data stored in tags are activated by readers when the objectswith embedded tags enter the 

electromagnetic zone of a reader; 

 Data are transmitted to a reader for decoding; and 

 Decoded data are transferred to a computer system for furtherprocessing. 

Electronic product codes: In 2004, Electronic Product Code (EPC) Global Network began 
developing a second generation RFID protocol: EPC Class 1 version 2 (also referred to as Gen 2). 
The main goal of Gen 2 is to create a single global standard that is compatible with ISO 
standards. The tags would work in various countries that have different commercial band 
frequency. EPC is the most significant function of RFID contributing to commercial industry. EPC 
improves the traceability of items and facilitates efficient product recall and authenticity. EPC is 
similar to Universal Product Code (UPC), which is commonly used in bar codes. Compared to 
UPC, which uses 12 digits of numbers, EPC has 64 to 256 bits of alphanumeric data. The most 
common EPC has 96 bits. The first obstacle for wide utilization of RFID is the cost for tags. Tags 
are still too expensive for use on individual primary packages. The infrastructure required for 
RFID systems (including readers,database servers with communication systems, and other 
information technology to process huge amounts of data) is costly andneeds to be shared with 
all users in supply chains. The global useof EPC also requires compatibility among various 
regulations standards of radio frequency. The biggest hurdle to wide utilizationof EPC for RFID 
is the potential problems of privacy protection. Ahidden reading system could collect all data 
from tags of items andalso RFID card holders for the purpose of data stealing or data removing. 
Guidelines for the ethical use of RFID systems for data collecting, data handling, and system 

security need to be established.  

CONCLUSION 
The food industry has seen great advances in the packaging sector since its inception in the 
18th century with most active andintelligent innovations occurring during the past century. 
These advances have led to improved food quality and safety. While someinnovations have 
stemmed from unexpected sources, most havebeen driven by changing consumer preferences. 
The new advanceshave mostly focused on delaying oxidation and controlling moisture 
migration, microbial growth, respiration rates, and volatileflavors and aromas. This focus 
parallels that of food packaging distribution, which has driven change in the key areas of 
sustainable packaging, use of the packaging value chain relationships forcompetitive advantage, 
and the evolving role of food service packaging. Nanotechnology has potential to influence the 
packagingsector greatly. Nanoscale innovations in the forms of pathogen detection, active 
packaging, and barrier formation are poised to elevate food packaging to new heights. 
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INTRODUCTION 
Animal husbandry, agriculture and allied activities have been the core livelihood for majority of 

the rural people since time immemorial. It provides productive employment, self employment 

and the most valuable supplementary income to a small and types of farmers and landless 

labor. Livestock provide increase economic level to the poor masses. Cattle breeds can vary 

greatly, so finding right one can be a challenge. Much has been said lately about breeding cattle 

with strong genetics for milk production on grass. The herd is thought to have been totally 

isolated for over 70 years. Animal husbandry is one sector which has high potential for growth. 

Animal husbandry is an activity which can easily be taken up by rural communities as skill and 

resource requirement are minimal, input are locally available and marketing does not pose a 

major problem, it can act as an engine in poverty alleviation programmers by making asset less 

poor into income generating asset owing population.  

Cow 

Zoological Name: - Boss Indicus and Boss tarsus 

Family: - bovedi 

Chromosome No.:- n=60 

Important Breeds: - Sahiwal, Gir, Jersy, Holstein Friesian 

Indian breeds: -, Gir 

Exotic breeds: - Sahiwal, Jersy, Holstein Frisian, 

1. Sahiwal (Lola, Multani )  

Origin Palace: - Montgomery deistic Pakistan 

Distribution: - India, Australia, Kenya, Nigeria, Africa, Asia, New Guinea 

Body characters: - bodycolour reddish brown and predominant red, with varying 

amounts of white on the neck, horn and legs small. It is tick resistance, heat tolerant and 

high resistance to parasites, display well develops udder and milk vain. Their calf fast 

grows in unfavorable Climate condition. 

Production: - 2200Kg/Lactation/ Milch cow 

Body Weight: - Male- 545Kg. 

  Female- 410Kg. 
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Suitable Temperature: - Survive in all types’ environment and climate condition. 

 

 
(Source: afs.okstate.edu/breeds/cattle/jersey/index-2.html) 

 

2. Gir 

Origin Palace: - Kathiawar deistic Gujarat (India) 

Distribution:-Maharashtra, Rajasthan 

Body characters: - colour of Gir animals shades of red and white to almost black and 

white or entire red.  Ears are long and pendulous and folded like a leaf with a notch at 

the tip. Horns are curved turning back at the tip. The tail is long and whip like; hooves 

are black and medium-sized; hair is short and glossy; skin is loose and pliable; hipbones 

are prominent; the body is well proportioned; the udder in cows is well developed and 

round and teat tips are round. 

Production: - 2000Kg/Lactation/ Milch cow 

Body Weight: - Male- 550Kg. /Animal 

   Female- 390Kg. /Animal 

 

 
(Source: afs.okstate.edu/breeds/cattle/jersey/index-2.html) 

 

3. Jersy 

Origin Palace: - Jersey Mahadeep island  

Distribution: - Australia, British, New Zealand, Canada, South Africa, Japan, India.   

Body characters: - The Jersey cattle smaller sized dairy cow breed. Body color is usually 

slightly red, deep brown or mixed. They have relatively long sized head, and they usually 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

55 
 
 

have no hunchback.Carry long, straight top lines, and usually carry out long and level at 

the rump. Jersey bulls, while small as compared to the other dairy breeds, are extremely 

masculine. They are quite muscular about their crests and shoulders and are 

considerably less refined throughout than are the females. 

→Well developed to the climatic condition of India especially hot and humid areas. 

→Jersey yield 20 liters/day whereas, crossbred jersey cow gives 8-10 liters/day. 

→Age at first calving: 26-30 months. 

Production: - 4200Kg/Lactation/ Milch cow 

Fat Percent: - 4.5% (highest in all exotic breeds) 

Body Weight: - Male- 380Kg. /Animal 

   Female- 395Kg. /Animal 

 
(Source: afs.okstate.edu/breeds/cattle/jersey/index-2.html) 

 

4. Holstein Friesian 

Origin Palace: - Holland  

Distribution:-America, India, Europe etc. 

Body characters: - body colourblack and white or red and white in colour, body shape 

funnel type angle, A Holstein cow's head is quite long, completely developed udder and 

display milk vain, 

→It can perform well in coastal and delta areas. 

→production average it gives 25 liter of milk per day. 

Production: - 5500-6500 Kg/Lactation/ Milch cow 

Fat Percent: - 3.0% 

Body Weight: - Male- 525Kg. /Animal 

   Female- 550Kg. /Animal 
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(Source: afs.okstate.edu/breeds/cattle/jersey/index-2.html) 

CONCLUSION: - The dairying is a vital sector of the Indian economy. It is an important source of 

employment and supplementary income of rural population. The dairy sector witnessed a rapid 

and remarkable growth and success in the last three to four decades. The milk production of 

India recorded an impressive increase and it acrose from 17.55 million MT in 1951 to about 

78.2 million MT in 2000. At present, India is the first largest milk producing country in the world 

and it is estimated that before the turn of the century, India will be number one in milk 

production in the world. The development of dairy sector brings many changes in milk 

consumption, milk utilization, sales patterns, at the rural producers’ level. Up-to-date 

information on each cow is essential to the achievement of high yield.  
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“Women's empowerment is the process in which women elaborate and recreate what it is 

that they can be do and accomplish in a circumstance that they previously were denied”. 
 

Women are the most important members of the society serving multitude roles such as being a 

mother, sister, daughter, wife, and a friend etc. These days the role of women has not been 

restricted to household rather many women are occupying a high position in society they are 

excelling in every field whether its sports, finance, education etc. Countries around the world 

including India are emphasizing on women empowerment. With initiatives like #metoo and 

#time'sup, violence and discrimination against women gained attention and helped raise the 

voice of vulnerable and silent victims around the world. 

                        Thus, in the past few years, the government has launched many schemes for 

women aimed at their upliftment and helps them to evolve better. Here is a list of few schemes 

to make you aware of various women empowerment initiatives in India- 
 

BetiBachao,BetiPadhao 

This is a social campaign aimed at eradication of female feticide and raising awareness on 

welfare services intended for young Indian girls. The "Save the Girl Child" movement was  

launched on 22 January 2015, it is a joint initiative run by the Ministry of Women and Child 

Development, the Ministry of Health and Family Welfare and the Ministry of Human Resource 

Development. 

 

 

 

BetiBachao, BetiPadhao 

One stop centre scheme 

Popularly known as 'Sakhi' it was implemented on 1st April 2015 with the 'Nirbhaya' fund. The 

One Stop Centres are established at various locations in India for providing shelter, police desk, 
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legal, medical and counseling services to victims of violence under one roof integrated with a 

24-hour Helpline. 

  The toll-free helpline number is 181.  

Here is a list of Sakhicenters across the country. These centres can be contacted for:  

 Emergency Response and Rescue Services  

 Medical assistance  

 Assistance in lodging FIR /NCR/DIR 

 Psycho - social support/ counseling 

 Legal aid and counseling 

 Shelter  

 Video Conferencing Facility to record statement for police/ courts 

 
One  Stop Centre Scheme 

 

STEP (Support to Training and Employment Programme for Women)  

              The Support to Training and Employment Programme for Women (STEP) Scheme   aims 

to provide skills that give employability to women and to provide competencies and  

 

skill that enable women to become self-employed/ entrepreneurs. A particular project will be 

for duration of up to 5 years depending upon the nature, kind of activities and the number of 

beneficiaries to be undertaken. Sectors include Agriculture, Horticulture, Food Processing, 

Handlooms, Tailoring, Stitching, Embroidery, Zari etc, Handicrafts, Computer & IT enable 

services along with soft skills and skills for the workplace such as spoken English, Gems 

&Jewellery, Travel & Tourism, Hospitality, etc. 

 

Mahila E-Haat 

         To support women and also ‘Make in India’ through online marketing platform this 

bilingual online portal is a blessing. Launched on March 7, 2016 by the Ministry of Women and 

Child Development, the Mahila E-Haat is an initiative for meeting needs of women 

entrepreneurs. It provides a unique and direct marketing platform and also leverages 

technology for supporting women entrepreneurs, SHGs, and NGOs. 
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               This is a part of the 'Digital India' initiative. Women can register themselves at 

www.mahilaehaat-rmk.gov.in and leverage technology for showcasing their work to a broader 

market.It provides continuous sustenance and support to their creativity and strengthens 

financial inclusion of Women Entrepreneurs in the economy. The main objective of this 

platform is to act as a catalyst by providing a web-based marketing platform to the women 

entrepreneurs to directly sell their products. 

 
 

Mahila E- haat 

Nari Shakti Puruskars 

              The Nari Shakti Puruskars are national level awards recognizing the efforts made by 

women and institutions in rendering distinguished services for the cause of women, especially 

vulnerable and marginalized women. The awards are presented by the President of India every 

year on 8 March, International Women's Day at RashtrapatiBhavan in New Delhi. 

 

Rajiv Gandhi Scheme for Empowerment of Adolescent Girls (RGSEAG) or SABLA 

The Rajiv Gandhi Scheme for Empowerment of Adolescent Girls – Sabla is an initiative launched 

in 2012 that targets adolescent girls. The scheme offers a package of benefits to at-risk girls 

between the ages of 10 and 19. It is being offered initially as a pilot programme in 200 districts. 

The programme offers a variety of services to help young women become self-reliant, including 

nutritional supplementation and education, health education and services, and life skills and 

vocational training. 

 

Ujjawala 

          This schemes aims to prevent trafficking of women and children for commercial sexual 

exploitation through social mobilization and involvement of local communities, awareness 

generation program generate public discourse through workshops or seminars and such events 

and any other innovative activity. It also facilitate rescue of victims from the place of their 

exploitation and place them in safe custody. It provides rehabilitation services both immediate 

and long-term to the victims by providing basic amenities/needs such as shelter, food, clothing, 

medical treatment including counseling, legal aid and guidance and vocational training. 
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Women Helpline Scheme 

Launched on 1st April, 2015to provide 24 hour emergency and non-emergency response to 

women affected by violence including sexual offences and harassment both in public and 

private sphere, including in the family, community, workplace etc. 

 
Women Helpline Scheme 

 

Pradhan MantriMatritvaVandanaYojana 

                  Indira Gandhi MatritvaSahyogYojana (IGMSY), Conditional Maternity Benefit (CMB) is 

a scheme sponsored by the national government for pregnant and lactating women age 19 and 

over for their first two live births. The programme, which began in October 2010,  

 

provides money to help ensure the good health and nutrition of the recipients. As of March 

2013 the programme is being offered in 53 districts around the country. 

 
Pradhan MantriMatritvaVandanaYodana 

 

Pradhan MantriUjjwalaYojana 

  Launched in March 2016, this is a step by the Government of India to keep every household 

fed and aims at providing free LPG connection to women below poverty line. It gained a lot of 

attention due to the social campaign and an appeal to the affluent class to give up LPG subsidy 

in favor of weaker classes. Making sure that each family has a LPG connection will have two 

way advantages. It will not only work for upliftment of women by improving their health, 

pushing them away from smoke and dust, but also save non-renewable resources used for fire 

by these people. They only need to submit the required documents and make an application to 

garner benefit of this scheme. 
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                   The modern woman of today has a lot of potentials. From managing the household 

to serving in the armed forces or managing business women are excelling in every field. Thus, 

the Government of India is also taking various steps such as launching the above-mentioned 

schemes which would further empower them. 
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Availability of fodder crops for maintaining commercial dairy is big question for the 

farmers. Conservation of fresh fodder especially at the time of lean periods is big challenge for 

the dairy farmers. Indian farmers usually use the left over parts of the grain crops such as husk, 

crop residues, stalk, straw etc. for feeding their cattle. This results in the low milk productivity 

in the cattle ultimately contributing to the lower milk production of the country. There may be 

several reasons for following these feeding methods such as no interest to use the productive 

land for fodder production, unawareness of importance of commercial dairying in Indian 

agriculture, unawareness of modern conservation techniques and faces problems in availing the 

fresh feed to the cattle in the lean periods. Modern techniques of conservation of fodder crops 

are hay making and silage making which make possible the availability of fresh fodder without 

deteriorating the quality of fodder in the lean periods and to use at any time to increase the 

milk production.  

 

Conservation of fodder: 

Fodders and grasses can be preserved either as hay (dried fodder) or as silage (wet 

fodder) depending on the weather conditions and the available resources. Silages and hay are 

preserved to bridge seasonal scarcity periods; however, silage and hay making have been 

extended only sporadically to low input farmers. Previous efforts have not given the desired 

result due to very high losses and reluctance in its acceptance by animals during the initial 

stages of feeding. Though the technology has been fully standardized and can be easily applied 

under favorable conditions, even little carelessness in its application results in quality loss or 

even complete spoilage. Most of the cultivated fodder crops is grown in the northern and 

western parts of the country, where still only 8% of the area is under fodder crops, only 1-3% in 

southern and eastern regions is used in fodder production. During monsoon season, fodder 

from grasses and shrubs grow abundantly on rangeland and roadsides in the irrigated area 

leading to surplus fodder availability for the short span. To preserve surplus fodder in the form 

of hay and silage for the usage in lean periods is discussed below. 

 

Hay making 

The basic principle of hay making is to reduce the moisture concentration in the green 

forages sufficiently as to permit their storage without spoilage or further nutrient losses. The 

moisture concentration in hay must be less than 15% at storage time. Hence, crops with thin 

stems and many leaves are better suited for hay making as they dry faster than those having 

thick and pithy stems and small leaves. 
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Characteristics of the hay making: 

 High quality hay is light grey colour. 

 Leafy, pliable & free from mustiness  

  Easy method of storing seasonal excess  

  Only way for farm by-products  

  Principle is to reduce water content  

  Legume, non-legume & mixed are the major three types of the hay 

 

 
 

Methods of hay making: 

1)Dried method: In field there are two methods  

 A) Windrows – occupies 1/3rd land area. 

 B) Swath       – entire field but drying in ‘Windrows’ faster than swath 

In these methods the fodder is allowed to cure in the field itself during the non rainy 

season days with 70-75 sunshine hours. Initially in first day, the fodder is turned after every 4-5 

hours by the evening moisture reduced (75% to 40%), next day requires 1 or 2 turnings during 

which moisture content comes to 25% and on third day fodder is ready for storage as bales or 

in tripod stand at the end of curing, moisture to be reduced to 20% and fodder is stored safely. 

2) Mechanical method: 

  A) Fence method: In this method, wire fencing with angle iron posts is used and this is more 

suited for the lucerne, groundnut, berseem and legume fodders. In this method the protein 

loss is minimized to 2-3%. 

  B) Forced air batch: (developed at IGFRI): In this method, fodder is allowed to reduce the 

moisture in the batch by allowing the hot air easily  

 

Loss in fodder value during the hay making: 

 Nutrient loss in late cutting  

  Shattering of leaves & finer parts (in legumes)  

  Fermentation loss leads to dry mass loss by 6%  

  Oxidation by sun bleaching   
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 Loss of chlorophyll and carotene  

 Leaching leads to loss of protein, nitrogen free extract (NFE), minerals, and vitamins – 

consequently crude fibre increases & digestibility deceases  

 In berseem crude protein loss is from 22% to 16-18% 

 

SILAGE: 

Silage is the green succulent roughage preserved under controlled anaerobic 

fermentation in the absence of oxygen by compacting green chops in air and watertight 

receptacles; the ensilage leads to fermentation of water soluble carbohydrates to organic acids 

which increases acidity of the materials (pH – 4). Due to anaerobic acid (lactic acid) arrests the 

growth of bacteria and moulds which leads to Inactivating putrefying organisms (act as 

preservative) there by consequently reduces nutrient losses and change in nutritive value and 

finally it is best method than hay making. 

 
 

Crops suitable for silage: 

Crops suitable are based on the dry matter of 30-45%, soluble sugar 8-10%, ratio 

between water soluble CHOs and buffer capacity, ratio of sugars to crude protein. These all 

parameters are important for the production of lactic acid. The crops suitable for cut at 50% 

flowering and at milking viz. sorghum, maize, oats are highly suitable. 

 

Points for consideration while ensiling: 

 Dry matter content for the materials should be 30-45%  

 More succulent materials may be taken after field drying only  

 Polythene layering on all sides improves the quality  

 Filling should be done on a clear day as quickly as possible  

 Filling should be in layers of 20-30cm at a time and uniformly  

 Compaction must be perfect  

 Trampling is useful to remove air pockets  

 Top must be convex / dome  

      Silage pit size • 20 x 20 x 20 c. ft. for 50-55 t  

                              • 5 x 5 x 6 c. ft. for 22.5 t 

                              • 10 x 5 x 6 c. ft. for 45.0 t   

Characteristics of good silage: 
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 No mould growth  

 Golden / greenish yellow 

  Pleasant fruity odour or acceptable aroma 

  Free flowering and non-sticky texture  

 3-4% increased palatability  

 Increased nutritive value  

 pH around 4.0 – 4.5  

 Lactic acid proportionally more than other acids  

 Decrease in Nitrate-N and increase in ammonical-N  

 Ammonical N should not exceed more than 15% of the total N 

 

CONCLUSION: 

In dairy production the major input is fodder, due to much interest on grain crops and 

other commercial crops, land under fodder crops is very low as well as facing the fodder deficit. 

By understanding the constraints we need to adopt the strategies to meet the current 

requirement, the region based crop production, round the year fodder production, adoption of 

fodder/ forage crops (annual/perennial and trees) and conservation of the fodder. 
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 India is basically an agriculture based country with huge population with regard to that 

the animal population also equally contributed to the agriculture income and which is an 

integral part of the agriculture. With respect to animal husbandry is considered, there is huge 

population of cattle, buffalo and other dairy animals. Among the dairy animal the cow is 

consider as a holy animal and is often referred to as Gou-Mata or the Cow Mother and this love 

and respect for the holy cow does not come without any reason. Where the every product from 

cow including its dung and urine have been used in daily lives of people in Indian sub-continent 

since ancient times. Gou-Daan or Gifting/Donation of the cow was considered as one of the 

biggest act of kindness as cow is also a source of livelihood. But the biggest contribution that 

the Indian breed i.e.  Desi cow has been making is in the field of agriculture. Cow waste is one 

of the best manure and soil fertility enhancer which is used in organic farming widely as major 

constituent. A lot of different liquid fertilizers and foliar sprays are made using cow waste 

across India. Panchagavya or Panchagavyam is one of them and it is known to be a chamatkar 

liquid fertilizer. It is also used in Ayurveda medicines and cosmetic products.  

 The many people are making a business strategy to prepare panchagavya and selling in 

market as commercial basis, but the commercial products are mainly marketed with aim of 

profit and popularity so that there is a possibility of blundering with the some 

chemicals/synthetic materials so that it is better to prepare own. For the panchagavya 

preparation depend on the many factors 

 Availability of cattle breeds., mainly desi cow is preferred 

 Climatic factors such as temperature, humidity etc 

 Quantity of material  

 Farm size 

 Type of crop need to be sprayed 

 

Among the above all factors the temperature plays a very important role in the quality 

panchagavya preparation. When temperature is considered because the fermentation process 

plays a very important role in the Panchagavya preparation, the time period varies according to 

the temperature like, if summer season is there then it requires 15-20 days for the complete 

fermentation, if rainy or winter season is there then it requires around 25-30 days. 
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Materials required for the panchagavya preparation 

 Cow urine 10 liter 

 Cow dung 10 kg 

 Cow milk4 literPanchgavya ( 5 Cows products) 

 Cow ghee 1 kg 

 Cow curd  3 kg 

 

Other Ingredients 

 Organic Jaggery  2kg 

 Ripen banana 

 Ripen Banana-12 

 Coconut water- 3 liter 

 Sugarcane juice or Grape Juice-1 liter 

 
Panchagavya Ingredients include 5 items from Indian Cow and 4 items from plants. 
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How to Prepare…? 

1. Take a wide mouth plastic, clay or wooden container. Don’t use a metal container. Make 

sure it’s clean and sundry to sterilize it. 

2. Mix the cow dung and ghee in the container using a wooden stick. Again do not use any 

metal here. Stir in clockwise direction in a rhythmic motion. Then stir in anti clockwise 

direction until it mixes nicely. Do not mix vigorously. It will kill the beneficial microbes in 

cow dung. 

3. Cover the container using thick cloth to protect it from insects. Leave this mixture for three 

days. Keep it away from direct sunlight and rain. Give it a stir once in the morning and once 

in the evening. Twelve times in each direction works well. 

4. On the fourth day slowly stir in all other ingredients. Make sure you are mixing them in 

while stirring the mixture in a single direction slowly. 

5. Leave this to ferment for 15 to 30 days (as per season).  Give it a stir once in the morning 

and once in the evening 

 
 

The Panchagavya is ready At 15-30 th day after that this can use by sieving by White Cotton 

cloth and the extract can be use as per the required concentration. Mainly panchagavya give 

good result at 3 % Concentration as foliar spray and the left over material after sieving can be 

apply to the soil and mix it.  

 

Storing panchagavya: 

Panchagavya should be kept in the shade and be covered at all times. Care has to be taken that 

no insect falls in the mixture or lays eggs in it. To prevent this, the container should always be 

covered with a wire mesh or plastic cover. Panchagavya can be stored for 60 days without any 

effect to its quality, provided that it is kept in the shade and is being stirred twice a day. In the 

event that the solution thickens over time, water must be added appropriately. 
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Dosage of Panchagavya: 

For spraying: 

3% of the solution in water i.e. 3 litres of Panchagavya to every 100 litres of water, is the most 

appropriate proportion for spraying. 

For irrigation: 

For irrigation, the amount of Panchagavya per litre should be 20 litres/acre. 

For seed treatment: 

Soak the seeds for 20 minutes in 3% Panchagavya solution in water before planting. Similarly 

rhizomes of turmeric or ginger and cutting of sugarcane should be soaked for 30 minutes 

before planting. 

Frequency of use: 

Before flowering- once in 15 days (two sprays) 

Flowering stage- once in 10 days (two sprays) 

Fruit bearing stage- once. 

 

 

Time of application of Panchagavya for different crops is given as follows 

Crops Time schedule 

Rice 10,15,30 and 50th days after transpalnting 

Sunflower 30,45 and 60 days after sowing 

Black gram Rainfed: 1st flowering and 15 deays after flowering  
Irrigated: 15, 25 and 40 days after sowing 

Green gram 15, 25, 30, 40 and 50 days after sowing 

Castor 30 and 45 days after sowing 

Groundnut 25 and 30th days after sowing 

Bhendi 30, 45, 60 and 75 days after sowing 

Moringa Before flowering and during pod formation 

Tomato Nursery and 40 days after transplanting: seed treatment with 1 % 
for 12 hrs 

Onion 0, 45 and 60 days after transplanting 

Rose At the time of pruning and budding 

Jasmine Bud initiation and setting 

Vanilla Dipping setts before planting 

Chemical composition Microbial Load 

Ph 5.45 Fungi 38800/ml 

EC dSm2 10.22 Bacteria 1880000/ml 

Total N (ppm) 229 Lactobacillus 2260000/ml 

Total P (ppm) 209 Total anaerobes 10000/ml 

Total K (ppm) 232 Acid formers 360/ml 

Sodium 90 Methanogen     250/ml 

Calcium 25 

IAA (ppm) 8.5 

GA (ppm)             3.5 
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 It acts as an organic growth-promoter and immunity booster plants. This also cures 

already infested plants and other living organisms. 

 It increases the yield (in most cases, yield increased by 20 to 250/07 in few cases like 

Cucumber, yield has been doubled) and quality of produce. 

 It increases the shelf life of vegetables, fruits and other agriculture produce 

 It produces lager leaves and denser canopy 

 It increases the sugar content and aroma of fruits 

 This application makes crops to mature early (Advance harvesting by 2 weekly 

 It the water requirement by 25 to 30% thus sustains drought conditions. 

 It profuse and dense roots, penetrating to deep layers in the soil 

 This can reduce cultivation coast when made on your own when compared to 

Chemical fertilizers. 

 It application is found to be more profitable than recommended fertilizer application 

and chemical spray in commercial agriculture. 

 It helps growing organic farming sector. 

 Finally, Panchagavya has very positive effect in animal health and human health 

 

REFERENCE: 

[1]. http://organicterrace.in/blog/how-to-prepare-panchagavya-recipe/ 

[2]. https://www.agrifarming.in/panchagavya-preparation 
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E-health is a relatively recent term for healthcare practice which is supported by electronic 

processes and communication. Definition published by eHealth researcher Gunther Eysenbach 

in the article what is e-health? is among the most frequently cited and reads: “e-health is an 

emerging field in the intersection of medical informatics, public health and business, referring 

to health services and information delivered or enhanced through the Internet and related 

technologies” 

 

Definition According to WHO 

“E-Health is the use of information and communication technologies (ICT) for health. The 

eHealth unit works with partners at the global, regional and country level to promote and 

strengthen the use of ICT in health development, from applications in the field to global 

governance. The unit is based in the Department of Service Delivery and Safety in the Cluster of 

Health Systems and Innovation”. 

The e-Health initiatives has a vision to delivery better health outcomes in terms 

of access, quality, affordability, lowering of disease burden and efficient monitoring of health 

entitlements to citizens.The scope of these initiatives are to make all medical facilities available 

all time from any part of the world through Web services, mobile services, SMS or Call center 

services. Broadly the intent is to cover Online medical consultation, Online medical records, 

Online medicine supply management and Pan-India exchange for patient information but not 

limited to the said services. 

Benefits can be described in the form of 10 E’s in “e-Health” 

1. Efficiency,                            6. Enhancing Quality, 

2. Evidence based                  7. Empowerment of consumers and patients, 

3. Encouragement                  8.  Education, 

4. Enabling,                              9.  Extending, 

5. Ethics,                                  10. Equity. 

Other benefits of e-Health include: 

 Time savings 

 Insight into own health 

 Lower administrative burden 
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Initiatives launched by Government in India 

Kilkari 

A mobile-based application namely ‘Kilkari’ has been launched in Haryana to create awareness 

among pregnant women, parents and field workers about the importance of antenatal care, 

institutional delivery, post-natal care and immunisation. 

 

ASHA SOFT 

ASHA Soft (The Online Payment and Monitoring System):- It is an online system launched on 

25th December, 2014. The system is designed and developed by the National Informatics 

Centre - Rajasthan. The url of the 

system is http://ashasoft.raj.nic.in. 

ASHA Soft facilitates the user to 

capture beneficiary wise details of 

services given by ASHA to the 

community, online payment of ASHA to 

their bank accounts, generate various 

reports to monitor the progress of the 

programme and to ensure their timely 

and seamless online payment.  

Mother and Child Tracking System (MCTS) 

Mother and Child Tracking System (MCTS) is an initiative of Ministry of Health & Family Welfare 

to leverage information technology for ensuring delivery of full spectrum of healthcare and 

immunization services to pregnant women and children up to 5 years of age. It is an innovative, 

web-based application, developed by NIC, to facilitate and monitor service delivery as well as to 

establish a two way communication between the service providers and beneficiaries. 

Generation of work plans of ANMs, sending regular alerts to the service providers as well as 

beneficiaries about the services due and a user-friendly dash board for health managers at 

various levels to monitor delivery of services will go a long way in ensuring quality service 
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delivery, micro birth planning, ensuring universal immunization and will have positive impact on 

important health indicators like Infant Mortality Rate and Maternal Mortality Ratio. It will also 

help in evidence based planning and continuous assessment of service delivery to pregnant 

women and children. 

E-Aushadhi 

E-Aushadhi is a web based 

application which deals 

with the management of 

stocks of various drugs, 

sutures and surgical items 

required by different 

district drug warehouses 

of Rajasthan state. The 

prime objective of a 

District Drug Warehouse is to supply drugs to the various medical institutes that are associated 

with the given district drug warehouse. 

NIKSHAY  

NIKSHAY has been launched by the Government of India with the intention of creating a 

tuberculosis free nation. To keep a track of the TB patients across the country, the    

Government of India has introduced a system called NIKSHAY. The word is combination of two 

Hindi words NI and KSHAY meaning eradication of tuberculosis. NIKSHAY (www.nikshay.gov.in) 

is a web enabled application, which facilitates monitoring of universal access to TB patients 

data by all concerned. it was launched by the Government of India in June 2012 with issue of 

required administrative directions from Central TB Division for use of NIKSHAY.  

 

SUGAM  

SUGAM portal provides the 

single window for all its 

stakeholders to access the 

services provided by the portal 

by implementing role based 

access control and actions.It 

has consolidated the entire 

Drug Regulatory framework at 

centre and provides a 

centralized dashboard for the monitoring the various regulatory clearances all over the country. 

SUGAM portal provides high level of transparency to its stakeholders as status of the submitted 
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applications can be tracked from applicant dashboard. SUGAM enables ease of business by 

providing the integrated workflow right from making an application for grant of permission/ 

license, online payment, online review process, query management and grant of 

permission/license online. 

MeraAspataal (My Hospital) 

MeraAspataal (My Hospital) is a Ministry of Health and Family Welfare, Government of India 

(GOI) initiative to capture patient feedback on the services received from both public and 

empanelled private health facilities. It works through multiple communication channels, 

including Short Message Service (SMS), Outbound Dialling (OBD), a mobile application and a 

web portal. 

Social Endeavor for Health and Telemedicine (SEHAT) 

SEHAT is a telemedicine health initiative in India launched on 25 August 2015 by Govt. of India 

in the collaboration with Apollo Hospitals. SEHAT initiative was launched with the motive to 

offer telemedicine center in rural areas of India where the people in rural areas can consult 

doctors online and also order generic drugs. Under the scheme Common Service Centers (CSC) 

with the support of Apollo and Medanta Hospital telemedicine services was already being 

offered in many areas. Now with the launch of SEHAT health initiative Common Service Centers 

(CSC) will be extended to 60,000 centers in different cities of India. 

REFERENCES:- 

[1]. https://www.government.nl/topics/ehealth/benefits-of-ehealth 
[2]. https://www.who.int/ehealth/en/ 
[3]. https://www.nhp.gov.in/e-health-india_mty 
[4]. http://apps.nic.in/apps/government/mother-and-child-tracking-system-mcts 
[5]. rhmrajasthan.nic.in/ASHA%20Soft.htm 
[6]. https://cdac.in/index.aspx?id=st_egov_sugam_ad 
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INTRODUCTION 

The rapid industrialization which is otherwise known as one of the greatest boons to 

mankind has a darker shade too.  The exceeding demand to meet the human need is often get 

fulfilled with the price of degradation of natural resources. Our own race is behind the mass 

scale pollution/ contamination of natural resources. Approximately all ecological elements are 

being encumbered with the large quantum of contaminants and a recalcitrant compound 

including plastics, petroleum-derived products, heavy metal pollutants, etc. Not only land; 

these are the major pollutants found in the water bodies too. The wholesome definition of 

pollution also described as- “It is the introduction of contaminants into the air, water, and soil 

that can cause damage to different organisms whose origins are mainly caused by human 

activities”. The major polluting elements are fossil fuel refinery; exhaust gas from automobiles, 

domestic and agricultural activities and obviously the numerous chemical seeping from the 

industries. Some of the chemicals derived from the above-mentioned activities are known as 

“xenobiotic”. The word “xenobiotic” is derived from two Greek words: xeno and biotic. The 

meaning of the first part xeno means strange or unnatural while the second one; biotic means 

life. Xenobiotics also called as an organic micro pollutant and these were never present in 

natural biosphere rather artificially synthesized as a side product during the various 

manufacturing process. The soil microorganism was never naturally exposed to these material 

and they have very limited ecological exposure of these materials were hardly used for their 

metabolism. These Xenobiotics can be further classified into two parts i.e., classics and 

emergent. In the first category of classic xenobiotics are polyromantic hydrocarbons, cyclic 

biphenyls, nitroaromatic compounds, aliphatic and aromatic halogenated compounds, triazines, 

azo dyes, and organic sulfonic acid while in the second category (emergent); pharmaceuticals 

like analgesics and non-steroidal anti-inflammatory drugs (NSAIDs) family falls in. The adverse 

effects of classic xenobiotics are long been reported and experimented on while the emergent 

class is still largely unexplored and only limited experiments are done.  

The era of these xenobiotic particles has been stated in 1939; when Paul Herman Muller 

discovered the DDT (Dichloro-diphenyl-trichloro-ethene). Since than at least 600 of these type 

of chemicals has been introduced only in USA. These xenobiotic compounds are very much 

capable of doing long term contamination of soil. Not only land but aquatic environment such 

as lakes, rivers, seas and groundwater are heavily contaminated by these micro pollutants even 

when their presence is at Nano gram/liter. 
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These xenobiotic are toxic to human and animals even at a very low concentration and have a 

very slow degradation rate. Due to this reason; the need for various remediation technology is 

obvious.  

 
Remediation Technologies 
 Various studies concluded that more than 140000 chemicals and pesticides are currently 

being used on a global level and the majority of them never faced long term effect on soil and 

water experimentation. Almost all the nations of the world are now implementing policies to 

regulate and curb these chemicals, however, the chemicals which are already present in the 

environment should be removed on an emergency basis. In the In USA and Europe, there are 

350000 and 3000000 chemically contaminated sites are present as per various research 

conducted in recent past however no survey or have been done in India although the level of 

contamination in several spots such as Kanpur, Banaras and adjacent places to Delhi are 

extremely high. The significant researches have been done in the last 30 years in remediation 

technologies. These technologies focus on the removal of these toxic substances or converting 

them into some non-harmful material. These technologies can be either locally applied in-situ 

or treatment plant based ex-situ. Most of these remediation technologies are physical or 

chemical. The problem with physiochemical remediation is that they do not reduce the toxic 

materials rather only isolates them. In case of soil; the most easiest way of remediation is the 

removal of pollutant materials using chemical means and replace it with good soil. This is only 

possible in small scale. Some other technologies are Capping, air sparging, soil flushing, 

permeable reactive bio-barrier, electro kinesis methods, vitrification, vapour extraction, 

thermal desorption etc.  

 
Biological remediation 

Physiochemical remediation is often costly and most of the time inefficient as a result 

bio remediation is getting momentum in recent years. It is the method to treat the xenobiotic 

compound using live organisms or part of the organism. A huge pool of the microorganism has 

been used to alleviate the effect of xenobiotic compounds in the environment and, thus it 

seems a promising alternative. The process of bio remediation is environment-friendly, low cost 

and more efficient than other methods since it usually converts the xenobiotic compounds into 

co2 and water. This method can be applied as in situ or ex-situ and there are two methods 

associated with it. These methods are biostimulation and bioaugmentation. In the 

biostimulation method, specific nutrients are provided into the contamination site so specific 

native microbiota can grow, and metabolizing the xenobiotic compounds. In case of 

bioaugmentation; native or foreign microorganisms or plants are acquainting with polluted 

habitat to degrade the pollutants. The first use of the word “bioremediation” can be dated back 

to 1928 when Gray and Thronton discovered naturally occurring microorganisms that could 

degenerate benzene, toluene, ethylbenzene etc. in soil.  
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Bacteria 
 Bacteria is one of the most efficient agents of biological degradation. The first report of 

bacterial degradation of benzene derivatives had been made in 1974 by Williams and Murray. It 

was a bacteria classified as Pseudomonas putida which has a special enzymatic route to 

degrade these compounds and use them as carbon source. A large number of bacterial species 

has been identified as an efficient degrader of various xenobiotic compounds. The most studied 

members were from the genera of Mycobacterium, Pseudomonas, Alcanivorax, Burkholderia, 

Cellulomonas, Sphingomonas, Micrococcus, Streptomyces, Bacillus, Haemophilus, Enterobacter 

etc. These genera can mineralize polycyclic aromatic hydrocarbons (PAHs), pesticides, and azo 

dyes and remove or change the redox state of heavy metals. 

The xenobiotic degradation via oxidases has been better studied in fungi rather than in 

bacteria although ligninolytic –like enzymes have been also found in bacteria. Enzymes 

identified as yellow laccases has low redox potential than fungal laccases. The normal 

peroxidase activity of bacteria is limited although another kind of peroxidase activity known as 

dye-decolorizing peroxidases has been extensively studied. Under the large umbrella of these 

enzymes several oxidases can activate many xenobiotic compounds though production of free 

radicals for their further mineralization and polymerization, rendering them non bioavailable. 

Enzymes involved in oxidative stress such as catalases and superoxide dismutase have been 

involved in PAH degradation. Various pesticide compounds such as organophosphate, or 

carbamates can also be oxidized using bacteria.  Heavy metals cannot be degraded as the 

method described above. It means that their bioremediation consists primarily in adsorption 

into the cell wall, compartmentalization on vacuole or other organelles in eukaryotes or 

changing their redox state into a less soluble form and thus making them less bioavailable. One 

such kind of bacteria is Geobactersulfurreducens. With this fungi, the first acetate is pumped 

into the polluted ground so that this anaerobic bacterium can respire this substrate and 

transfer an electron to metals and converting them into a less soluble form.  

 
Fungi 
Fungi is the top choice and most promising when it comes to bioremediation since they 

produce extracellularly a surfeit of oxidative and hydrolytic enzymes. Fungi are eukaryotes that 

develop saprotrophically, forming hyphae, tube-like long cells that can form tight mats called 

mycelia. One of the advantages of using fungi for bioremediation in situ is the capacity to cover 

and penetrate large surface areas by hyphae. Fungi havea mechanism to decompose lignin, 

cellulose, and hemicellulose, which have different recalcitrant structures. Particularly, lignin, an 

amorphous phenolic polymer, shows some structural and chemical similarities to PAHs, 

organophosphate aromatic pesticides, and industrial dyes. The most widely studied species are 

Basidiomycota, Trametes, Phanerochaete, Pleurotus, Bjerkandera, Coriollopsis, and several 

different Aspergilli, Trichoderma, and Fusarium. The most important fungal-derived oxidases 

are laccases, peroxidases, lytic polysaccharide and monooxygenases which can degrade 

different compounds. Other fungal enzymes involved in the mineralization of xenobiotic 
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compounds are glucose oxidase, aryl alcohol oxidase, quinone oxidoreductase, and cellobiose 

dehydrogenase.  

 
CONCLUSION: 
 The modern technique of microbial remediation can be used to reclaim polluted soil 
with much ease as compared to the other methods. While bacteria are probably the most 
studied and used microorganisms for bioremediation of xenobiotic compounds, but fungi are 
promising bioremediation agents since they grow fast, can encompass large areas (e.g., be 
placed in large filters), and produce powerful and robust extracellular enzymes. Fungi ca also 
withstand harsher condition than bacteria. 
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INTRODUCTION 

Almost every country in the world is experiencing a tremendous increase in urbanization. The 

United Nations reported that during 2018, about 55 percent of the world’s population lives in 

urban areas and is expected to increase to 68 percent by 2050. India which ranks number two 

(after China) in the list of countries by population faces similar challenges.  By 2024, India is 

expected to be the most populous country in the world (UN DESA, 2017). Urbanization in India 

is growing at a faster rate than rest of the world (Hindustan Times, 2007).  The World Bank 

reported that about 34 percent of India's population now lives in urban areas which will further 

rise to 40% in 2030. 

As urbanization increases, many countries will face challenges in meeting the needs of 

their booming urban populations, including food and nutritional insecurity, lack of employment 

opportunities, environmental degradation and lack of other basic necessities like land, water, 

food, housing, education, health and transportation. With more percentage of the Indian 

population are expected to live in cities in future, these problems will continue to increase 

manifold in the days to come. Urbanization also leads to reduction in crop production as the 

agricultural lands are being replaced for industrial purposes and other urban uses. 

Urban Agriculture (UA) is one of the solutions that are perceived globally to meet the 

challenges of the growing urbanization. In many countries of the world, especially in the 

developed countries, UA has played a significant role in ensuring food and nutrition security, 

employment opportunities and clean surroundings to the city dwellers. It has been touted by 

many researchers as a sustainable and secure option to feeding the urban mega-populations of 

the future (Montenegro de Wit, 2014).  

Definition of Urban Agriculture 

UA is one component of the complex local food systems and is defined in many ways by many 

researchers. In simple term, “UA is the growing, processing, and distribution of food and other 

products through intensive plant cultivation and animal husbandry in and around cities” 

(Baikley and Nasr, 2000). A definition which takes into account the use of resources is defined 

by Smit et al. (1996) as “an industry that produces, processes and markets food and fuel, largely 

in response to the daily demand of consumers within a town, city, or metropolis, on land and 

water dispersed throughout the urban and peri-urban area, applying intensive production 

methods, using and reusing natural resources and urban wastes, to yield a diversity of crops 

and livestock.”  
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The most widely used and more integrated definition is given by Mougeot (2000) who 

explained that "UA is an industry located within (intra-urban) or on the fringe (peri-urban) of a 

town, an urban centre, a city or metropolis, which grows or raises, processes and distributes a 

diversity of food and non-food products, reusing mainly human and material resources, 

products and services found in and around that urban area, and in turn supplying human and 

material resources, products and services largely to that urban area". 

Differences between agriculture in rural and urban situations 

Due to the differences between the urban and rural conditions, rural and urban agriculture vary 

in a number of characteristics as shown in Table 1 below: 

Table 1: Differences between agriculture in rural and urban situations 

Particulars Urban Agriculture Rural/Conventional Agriculture  

Farm types  Unconventional, partly without soil 
(rooftop, hydroponics, etc.), more 
specialized independent units acting 
in cluster, small holdings 

Conventional, farms consisting of 
interdependent sub-units, large 
holdings. 

Livelihood  Farming is often a secondary 
livelihood, urban farmers engaged on 
a part-time basis 

Faming is a primary livelihood, 
farmers usually engaged on a full-
time basis 

Farmer type  Farmers have weak traditional 
farming knowledge 

Usually ‘born farmers’. Farmers 
have strong traditional farming 
knowledge 

Products  Perishable products especially green 
vegetables, ornamental plants, dairy, 
poultry and pigs, mushrooms, etc 

Mainly staple crops, cattle, sheep, 
etc 

Cropping 
calendar  

More year-round growing of crops Seasonal periods  

Production 
factors  

High land price, land scarcity,  higher 
costs of labour, lower costs of 
commercial inputs, availability of low 
cost organic wastes and wastewater 

Low land price, lower costs of 
labour, high costs of commercial 
inputs, lack of irrigation and high 
irrigation costs 

Social context  Few families engaged in farming, 
more heterogeneous, many external 
stakeholders with different interests, 
urban farmers are hardly organized 

Majority of families engaged in 
farming, more homogeneous, 
rural farmers are more organized. 

Environmental 
context  

Fragile, often polluted land and 
water resources 

Relatively stable, land and water 
resources rarely polluted 

Availability of 
research and 
extension 
services 

Hardly available More likely  

Market  Near to markets, direct marketing to 
customers, high degree of local 
processing (including street foods), 
mainly local consumers 

Distant markets, marketing 
through middlemen and 
marketing organizations, low 
degree of local processing, mainly 
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non-local consumers 

Scale of 
production  

Mostly small Mostly large 

Alternatives 
available 

Variable Limited 

Source: Adapted from De Zeeuw (2004), modified 
 

Benefits of urban agriculture  

Urban agriculture provides much community, health, social and environmental benefits: 

Community benefits 

i. Promotes social cohesion and social capital. 
ii. Creates a sense of belonging. 
iii. Promotes community pride. 
iv. Raise awareness and conversations about local food.  
v. Providing education and training opportunities for community children and youths 

about agriculture, food and nutrition. 
vi. Creates leisure and recreational spaces. 
vii. Beautification of the community surroundings. 

viii. Promotes better community waste management. 

Health and nutrition benefits 

i. Access to variety of fresh, tasty, nutritious food at affordable prices. 
ii. Improve community food and nutrition security. 
iii. Creates opportunity for physical exercise. 
iv. Improved physical and psychological well-being. 
v. Availability of fresh air. 

vi. Promotes recycling of waste. 
vii. Improves dietary habits. 

viii. Availability of food at all seasons. 

Socio-economical benefits 

i. Generation of employment and revenue. 
ii. Promotes entrepreneurial opportunities and innovation development. 
iii. Reduction of cost of vegetables, fruits and other food items. 
iv. Increase family saving. 
v. Increases property value. 

vi. Effective and efficient use of land and other resources. 
vii. Decreases Food Miles. 

viii. Provides learning activities for planning, food production and business. 

Environmental benefits 

i. Reduction of greenhouse gases (GHGs) emissions. 
ii. Promotes cleanliness in the community surroundings. 
iii. Increase biodiversity of flora and fauna in the urban communities. 
iv. Waste reduction through proper recycling/reuse of organic wastes.  
v. Reduction in use of harmful inorganic fertilizers and pesticides. 
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vi. Reduces carbon footprint due to lesser carbon emission and fuel consumption for 
transportation.  

vii. Helps prevent soil erosion and increase water infiltration and air purification. 
viii. Reduction of water, air and soil pollution. 

ix. Promotion and conservation of local varieties. 

CONCLUSION 

In most of the developed countries in the world, UA has becoming one of the key strategies for 
achieving urban community’s overall economic, social, environmental and nutritional 
development. But in India, it has not been very popular among the city dwellers. With ever 
increasing urbanization in India, more emphasis should be given to urban agriculture by the city 
planners, researchers and the local and state governments for sustainable urban planning.  
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ABSTRACT  

India is an agrarian country. Around 85 percent of Indian farmer are small and marginal. Thy 

have less amount of surplus due to their small and marginal land holding. These farmer selling 

their product to middlemen. There are 5 -6 middleman between farmers and consumer and 

middleman are making billions from farmers crops. Farmers are in poverty in every country 

because of these middleman. Indian farmers can come out of debt if the middlemen will be 

eliminate. Indian farmers are very rich but they do not know their product value. Why, because 

they are innocent, lack of education and they don’t know how to sell a product, if they will start 

marketing and selling then who will do farming, only brokers are making money from their 

crop. There are many way to eliminate middlemen like cooperative, collective marketing etc. 

Recently a new concept being popularised known as family farmer. Similarly when we can feel 

proud to get ill and afford to pay huge amount to family doctors why can't we spend may be 

just half the amount on adopting a farmer, having a family farmer to grow good food for 

ourselves, our loved ones and in return help a family improve its socio - economic status too. 

Just like a family doctor, a family farmer is one who will grow all agricultural product which is 

possible in particular climatic condition according to your needs and also deliver fresh product 

on your doorstep. These all things that are produced and manufactured by farmers. 

 

INTRODUCTION  

India is agrarian country. More than 50 percent of Indian population’s livelihoods directly 

depend on agricultural production. In India around 80 percent of farmer are small and marginal 

having one or two acre land for cultivation. Small and marginal holdings agriculture is important 

for raising agriculture growth, food security and to improve the economy in India. In direct 

words, the future of sustainable agriculture growth and food security of the nation depends on 

the performance of these small and marginal farmers. Today the major issue of enhancing 

farmer income but how it is possible. We have fixed natural resources like land water and 

productivity of our land is not much good as compare to other country. In these case enhancing 

of farmer income based on two concept (i) increase productivity per hector (ii) minimize value 

chain or marketing chain. We can increase productivity of crop on limited basis after that it is 

not possible but minimized or modification in value chain is possible in many ways like 

community marketing, producer organization, cooperative society, minimum involvement of 

middlemen and contract farming. There is many models existing in India as well as foreign for 

enhancing involvement of farmer in value chain and increasing their income. Large farmer are 

not much depended on other they have bulk of product and high bargaining power to sell their 
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product on high rate. These problem like lack of marketing facilities, low price, lack of 

infrastructure, low bargaining power, interfere of middlemen are major problem faced by small 

and marginal farmer in rural area. Small and marginal farmer not able to take advantage of MSP 

and other government scheme due to small quantity surplus and delaying in payment of their 

product. So they forces to sell their product at low price to middlemen. Even some time due to 

marketing issue when they have small quantity surplus of agricultural product they did not sell. 

Farmer keep these small surplus quantity of grain or vegetable at home and forced to use these 

product more than that there actual consumption requirement of family in a year. So we can 

say that market reforms are not sufficient for the small land holdings to face the above 

challenges and government intervention is needed. Support is needed for small and marginal 

farmers who face several challenges even in access to inputs and marketing. They are usually 

dependent on other large farms to access land, water, inputs, credit, technology and markets. 

They find adapting to climatic changes difficult and face challenges on liberalization effects, 

globalization effects, and integration of value chains, market volatility and other risks. There are 

5 -6 middleman between farmers and you, middleman are making billions from farmers crop, 

farmers are in poverty in every country because of these middleman. Indian farmers can come 

out of debt, if the middlemen will be eliminate. To overcome from all issue, proper used of small 

quantity farmer surplus of product and enhances farmer income a new model come in existing 

and being popularised by people to hire the family farmer just like a family doctor who take care 

of our agricultural product requirement and supply it on mutual benefit of both consumer and 

farmer.     

 

What is family farmer?  

Family farmer is a farmer who will grow vegetables, cereal and other possible agricultural 

product in particular climatic condition in which he live and also according to your needs and 

deliver fresh agricultural product on your doorstep. Not only agricultural product, the farmer 

will also take care of your demands related to fruits, pickle and oil, dry vegetable like papad, 

milk and milk product and all things that are produced and manufactured by farmers himself.  

 

How this model works? 

Any person who needs to buy most of their required agricultural form market can hire a family 

farmer for supplying these product on affordable price based on mutual benefit. They can hire a 

farmer based on trust form same village in which they are living and to whom they known 

personally. In other case they can hire from another or nearby village based on trust or contract 

with farmers. Farmer supply them all need basis fresh product and consumer can pay them 

daily basis based on their quantity and pre-decided rate. They can also made payment to 

farmer at the end of month as total of their supplied product on monthly basis. In this model 

trust and enthusiasm to each (between farmer and customer) is necessary and farmer should 

have honesty to supplying of quality product to their customer. Farmer need to adopt 

integrated farming system so he can fulfil the requirement of consumer easily. A farmer can 

supplied product to consumer on different frequency based on nature of product: 
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 1. Daily supply of product like eggs, milk, vegetable, meat, fruit and other perishable product  

which need to supplied and consumption in fresh form. 

2. Weekly or monthly supplied of product like flour of different grain, oil etc. 

3. Seasonally supply of cereal, pluses, rice and other need based product which less perishable.  

 

Way of delivering product 

1. Home delivery of different product by farmer: Consumer need to order their product 

through phone call or through online shopping website of particular farmer or farmer grocery 

store. The phone or website handler approved their product and delivery the product on given 

address to consumer. The time of delivery based on nature of good like milk, vegetable need to 

immediate or evening or morning time is necessary to deliver to consumer. Actually the 

delivery of product is fixed by customer when he want and how much quantity so there will be 

no problem in delivery of product to 4-5 customer by farmer. Because a small and marginal 

farmer who are doing intergrade farming can handle easily only 4-5 farmer yearly to supplying 

them required agricultural product.    

2. Costumer can go at farmer grocery store or his home/filed: In this type of model costumer 

can go farmer store, field or his house for taking need based product daily or when he is free 

and want to take filed adventure or picnic. In this case customer can go with his family and take 

advantage of picnic at farmer filed with purchasing of fresh product for home. Even during 

morning and evening walk customer can go their field and pickup need based farm product 

from farmer field. So they can take advantage of fresh air, walk, picnic, holiday with family at 

farmer filed along with fresh farm product for household consumption. They can also monitor 

their farmer activity that how he is producing different agricultural product for them, either 

they are fresh or not, free form pesticide and other adulteration and good for health or not. So 

farmer is forces to maintain quality of product and supplying fresh, quality product to customer 

for keep healthy, happy and satisfied.  

 

Advantage of hiring family farmer to consumer  

 Customer can get fresh product at doorstep no need to go market.  

 They can also get some traditional homemade product like jaggery candy, pickle, 
murabba, chutney and papad from their family farmer which is hardly available in 
market.  

 It decrease your kitchen expenses up to 10-15% due to purchasing product on less rate 
comparison to market price of product  

 Customer can save their time and patrol, money to go market for purchasing agricultural 
product.    

 Consumers get high quality food at reasonable prices 

 The ultimate goal is to having family farmer to eat fresh, healthy, local produce product 
and also supporting small scale producers to create a viable enterprise and sustain their 
ethical/organic production values.  

 Consumer can easily access that where your food expertly come from and get supply of  
quality products in a clean and customer-friendly environment 
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 Paying purely for product, no advertisement fees, no middlemen, no unnecessary 
packaging and transport charge.     

 Consumer can control on quality and freshness of their product by monitoring and 
visiting of farmer field or store.   

 The key to having family farmer is mutual advantage, in which both the producer and 
customer are winner and satisfied with each other.  

Advantage to farmer being as hired family farmer   

 More direct sale of product so eliminate the middlemen  

 No commission and hidden fees payed by farmer in market.  

 Only produces need based product and having risk free diversified farming system.   

 Income security of farmer.  

 Price and market security of their product. 

 Farmer can able to sell small quantities of farm products.  

 Payment is usually immediate to farmer by the consumer.   

 Strengthen the social relations between producers and consumers will help farmer in 
their personal life and problem solving.  

 Farmers minimize their transport costs by selling product to consumer and even he can 
charge extra as a transportation cost to home delivery of product.  

 It enhances the opportunity for farmers to increase their share of the consumer rupees 
and to cut some mediators from the distribution chain for these products. 

 Due to hired family farmer he has been adopted diversified activities which contributes 
to the well-being of local people in rural areas through income from different sources on 
same landholding. 

 Now farmers have the ability to set prices for their produce and do not have to depend 
on price information provided by middlemen 

 It augments farmers’ income and reduces claim for social benefits in rural areas. 

 This approach help to overall development of farmer through empowered him 
economically and socially.  

 It proved daily income to farmer by selling their product to identified consumer.  

 Finally, direct linkage between farmer and consumers is a form of diversification in 
which labour resources of the farm household are re-deployed into on farm activities 
and it differentiate modern agriculture production system   from traditional agricultural 
production. 

 
Other benefits   

 It enhances chances of local job creation for delivery of product, processing etc, in rural 
area, 

 It increases the value addition of the products by the farmer in local area and 
conservation of traditional food product and its habit to consumption.  

 It helps farmers to move from production orientation to marketing orientation farming 
system.  

 It improves farmers bargaining position and farmer can learn how to sell their product in 
market  

 It increases consumers’ trust and affects public opinion about food production and 
supply as a 

 whole 
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 It respects environmental and animal welfare requirements, 

 It promotes the development of rural and agricultural tourism through visit of farm by 
urban consumer to their hired family farmer field and village.    

 

Challenge of family farmer approach 

1. The major challenge is trust among people. Some time they lose trust on each other and stop 
to buying product or selling product then the relationship will die and approach of hired farmer 
will be failed.  
2. Lack of skill and infrastructure among farmer like what crop he has to grow, how to grown and 
processing of particular crop. Due to this he is not able to fulfil all household need of consumer. 
3. Lack of time among farmer also a lacuna of this approach. Farmer are busy in production of 
crop and other farm activity he not able to processing and delivering of product to consumer.  
4. This approach will require long hours to produce crops, service customers, keep up with 
competition, and more which is sometime not maintain by the farmer.  
5. Lack of familiarity with market, not able to decide price of their product, less marketing 
connectivity, lack of post-harvest capabilities, and lack of risk taking ability of farmer are some 
major challenge can negatively affect the hired family farmer approach.    
 

CONCLUSION:  Today a lot of diversification can be seen in Indian diets that vary from food 

grains to high value products like milk products, vegetables, fruits and meat products by the 

consumer. They also worry about quality of whatever they eat and become more health 

conscious. This is increasing due to increasing per-capita income, rapid urbanization, increased 

women participation in urban jobs and globalization impact, has been largely responsible for the 

diversification of diet, health food, freshness of product and worry about health in the nation. In 

E-marketing era now a day’s consumer more prefer the home delivery of product. So family 

farmer approach can significantly fulfil the demand of fresh and healthy food at affordable price 

to consumer with home delivery facilities. This approach also able to enhance the socio-

economic conditions of small and farmer through providing batter and daily income them.  

Finally this approach is based on principle of win-win situation to both for consumer and farmer 

and help to sustainable development of society (farming and non-farming).   

 

                               “Hired a family farmer today and eat fresh be healthy” 

                                “Hired a family farmer and demotion a family doctor”  
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INTRODUCTION 

Ravine lands are highly degraded dry lands associated with several constraints for 

vegetation growth due to severe land degradation. India has approximately 2.06 m ha of ravine 

lands which constitute 0.65% of total geographical area of 328 m ha (ICAR 2010). With the 

increasing demographic pressure degraded lands like ravines might prove to be optimum sites 

for this use. Rajasthan is estimated to have 452000 ha of ravine lands and thus account for 

about 12.5 % of the total ravine area in the country which is distributed as medium and deep 

gullies. Forestry and agroforestry systems are plays a vital role in the Indian economy by way of 

tangible and intangible benefits. In fact, agroforestry has high potential for simultaneously 

satisfying three important objectives viz., protecting and stabilizing the ecosystems; producing a 

high level of output of economic goods; and improving income and basic materials to rural 

population. At present agroforestry meets almost half of the demand of fuel wood, 2/3 of the 

small timber, 70-80 per cent wood for plywood, 60 per cent raw material for paper pulp and 9-

11 per cent of the green fodder requirement of livestock, besides meeting the subsistence 

needs of households for food, fodder, fruit, fiber, medicine etc (Dhayani et al.,2017). The best 

scientific utilization of these areas is by using perennial plant productive systems. Tree, shrub 

and grass species have been evaluated and identified for arresting extension of ravines. But for 

productive utilization of ravines, introduction of suitable multipurpose trees (MPTs), oilseed 

species and fruit trees are always desirable. Ravine rehabilitation requires an integrated 

approach of using soil and water conservation measures along with selection of suitable tree 

species. (Chaturvedi et al. 2014). The trees species selected should have ability to withstand 

stress, fast growing, easy to establish, multipurpose uses, fibrous roots and potential to 

An experiment was conducted with tree borne oilseed tree species for their survival and 
production potential in Chambal ravines. Three promising oilseed tree/shrub species namely 
Azadirachta indica (Neem), Pongamia pinnata (Karanj) and Jatropha curcus (Ratanjot) along with 
Dicanthium annualatum grass species were evaluated in the research farm of ICAR-IISWC, 
Research centre, Kota-Rajasthan. Among three species, Pongamia pinnata performed well in 
ravine lands in terms of higher biometric growth, oilseed yield, high compatibility with grass 
species and higher amount grass fodder production than other species. Hence, Karanj is an ideal 
for development of silvipasture technology for productive utilization of medium and deep gullies 
of Chambal ravines under prevailing rainfed condition. 
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ameliorate the soil. In the semi-arid regions, silvipastoral systems involving native tree species 

(e.g., Albizia procera, Albizia lebbeck, Acacia spp, Azadirachta indica, Dalbergia sissoo, Morus 

alba and Pongamia pinnata) have been practiced for many years in India (Singh and Roy, 1993). 

As the region experiences highly erratic rainfall coupled with extremes of temperature, the 

survival and establishment of vegetation is always possible through implementation of efficient 

techniques and methods.  Production of Tree Borne Oilseeds (TBOs) on degraded lands meets 

the twin objectives of rehabilitation of a vital natural resource and obtaining an energy 

substitute.  Three promising oilseed tree/shrub species namely Azadirachta indica (Neem), 

Pongamia pinnata (Karanj) and Jatropha curcus (Ratanjot) along with Dicanthium annualatum 

grass species were evaluated in the research farm of ICAR-IISWC, Research centre, Kota-

Rajasthan. Impact of moisture conservation technique viz., compartmental bunding and half 

moon shape micro catchment has also been tested with along with control (no conservation 

measure) in were also included in this experiment during 2008-2015.   

Description and Distribution of Karanj 

Pongamia pinnata commonly known as Karanj, Indian Beech or Indian Honge, belongs 

to family Fabaceae (Papillionaceae). It is often planted as an ornamental and shade tree. It is a 

nitrogen fixing tree that produces seeds containing 25-30% oil. But higher percentages are 

claimed nowadays because of its use for making biodiesel.  It is native to India and is receiving a 

widespread attention at present as TBOs. Karanj is a medium-sized tree that generally attains a 

height of about 8.0 m and a trunk diameter of more than 50 cm.  The bark is thin, gray to 

grayish-brown, and yellow on the inside.  The alternate, compound pinnate leaves consist of 5 

or 7 leaflets which are arranged in 2 or 3 pairs, and a single terminal leaflet.  Pods are elliptical, 

3-6 cm long and 2-3 cm wide, thick walled, and usually contain a single seed.  Seeds are 10-20 

cm long, flat, oblong, and light brown in color. The tree is well suited to intense heat and 

sunlight and its dense network of lateral roots and its thick, long taproot make it drought 

tolerant. Withstanding temperatures slightly below 0°C to 38°C and annual rainfall of 500 to 

2500 mm,  the tree grows wild on sandy and rocky soils, including limestone, but will grow in 

most soil types, even with its roots in salt water. Natural reproduction is profuse by seed and 

common by root suckers.   It can grow on wide variety soil types ranging from stony to sandy 

clay, including dry sands and saline soils.  The natural distribution of this species is along coasts 

and river banks in India and Burma. It is chiefly found along the bank of stream and river or near 

sea coast, beach and tidal forest. It is widely grown from tropical dry to subtropical dry forest. 

With the dense network of lateral roots it is suitable for binding the sand dunes and controlling 

soil erosion. It is a fast growing, medium-sized, evergreen or briefly deciduous, glabrous tree 

that grows to about 15-25 meters in height with a large canopy that spreads equally wide. It is 

shade bearer and is considered to be good tree for planting in pastures, as grasses grow well in 

its shade.  

The tree is suitable for afforestation and agroforestry plantations especially in 

watershed areas and drier parts of country. It is an indigenous and important agro forestry tree 

species is being grown in drier parts of the India. It is the tree species bearing oil seeds (TBOs) 
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with high seed oil content and it has the ability to grow under harsh and diverse climatic 

conditions hence, it is suitable to meet the domestic needs of biodiesel as large area in the  

form  of  waste  lands  are  available  to  raise  its plantations in India (Deswal, 2015). The 

planning commission has identified Pongamia pinnata as the most suitable and promising 

species for bio diesel production. The potential importance of Karanj tree have been realizing 

recent years in meeting national objectives on wasteland development, substitution for liquid 

fuel and rural employment generation. The tree is well suited intense heat and sunlight and its 

dense network of lateral roots and its thick long tap roots make it drought tolerant Karanj, a 

potential oil bearing tree could profitably be exploited and promoted as an alternative to diesel 

for substantiate gains in the rural economy. It is one of the few nitrogen fixing trees (NFTs) to 

produce seeds containing 30-40 per cent oil which is thick yellow-orange to brown in colour 

(Pati and Sahu, 2015). The oil has a bitter taste and a disagreeable aroma, thus it is not 

considered edible. In India, the oil is used as a fuel for cooking and lamps. The oil is also used as 

a lubricant, water-paint binder, pesticide, and in soap making and tanning industries. The oil is 

known to have value in folk medicine for the treatment of rheumatism, as well as human and 

animal skin diseases. It is also effective in enhancing the pigmentation of skin affected by 

leucoderma or scabies (Pati and Sahu, 2015). Besides its use for production of bio-iesel the oil is 

also used for tanning leather, soap, as illuminating oil and for lubrication. The oil cake is used as 

pollutary feed ( Mandal and Banarjee, 1982).  

Description of Silvipasture Technology:  

Field planting and management of silvipasture system 

 The optimum size of 0.50m x 0.50m x 0.50m pits are dugout at a desired spacing during 
the month of April- May. The dugout soil is left for desiccation during May-June. All 
dried roots, pebbles etc. are removed from the piled soils. 10-15 kg of farm yard manure 
(FYM) is mixed with the piled soil along with 50 g of insecticide powder in each pit. If 
soils are deficit in phosphorus, addition of 1 kg of SSP will improve phosphorus level in 
the soil. 

  For optimum conservation and utilization of rainwater, preferably half moon shaped 
micro catchment technique can be accompanied for individual trees, it is carried out by 
providing mild slope to the land on the upstream of planted seedling leading the 
rainwater to the roots of planted seedling and making a crescent or half moon shaped 
bund on the downstream side of pit at a distance of 1m from the stem of tree (Fig.1). 

 At least one year old seedlings of the karanj trees are planted after onset of first 
monsoon rains. After that the rooted slips of grasses containing 4-7 tillers are planted in 
10 cm hole dug with the spade at the onset of monsoon. The soil around the planted slip 
was made compacted with foot. Before planting of rooted slips the grass clumps are cut 
at 7-10 cm from ground and thinned to prepare rooted slips containing 4-7 tillers.  

 Drenching with 0.2% solution of Chlorpyriphos (25 EC) helps to avoid infestation with 
termites. The system does not require major intercultural practices, but periodic 
weeding and hoeing in the initial stages up to 2nd years of plantation improves growth of 
planted seedling. In case of long dry spells life saving irrigation may be required for 
planted trees during first two years for getting success in initial establishment. 
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 Survival and growth of the planted vegetation is influenced by choice of species 
depending on edaphic factors, timely planting and management aspects in the initial 
stages. In these areas experiencing high biotic pressure on trees were profusely seen, it 
needs proper protection from browsing and trampling till they are high enough to attain 
sufficient height to avoid browsing. 

 Grass production increases from the 2nd year onwards. Grass cutting allowed two times 
per year. About 1/3rd area is to be re-sodded or re-sown with same grass species at the 
end of 5th  year for sustained grass production from system. After 7th grass yield declines 
gradually due crown development of the Karanj tree (Fig.1).  

 

Fig. 1. Tree Establishment Technique and Tree –Grass Management in Chambal Ravines 

Performance and Impact of the technology 

Pongamia pinnata based silvipasture system was suitable for medium and deep ravine 
lands. Though silvipastoral system can be developed in all kinds of lands, but moisture 
management is to be important measure particularly for rain water utilization and natural 
resource conservation in ravine lands. Eight years of evaluation indicated that, Pongamia 
pinnata along with half moon shaped micro catchments impacts on  higher growth which 
resulted as  height (6.12m), collar diameter (22.38 cm), DBH (10.50cm) and crown spread 
(45.71m2 ) compare to other treatments. Among three TBO species evaluated on ravine land, 
highest seed yield of 2.92 kg/tree was observed in Karanj(Pongammia pinnata) (Fig.2). 
However, it is less compared to normal land karanj trees (ie.5 kg/tree at 5th year). It may be due 
to the fact that ravine lands are a kind of stress ecosystem coupled with intermittently drought 
occurrence during the experimentation.  Due to impact of half moon shaped micro catchment 
moisture conservation measure, the performance of karanj species were fetched higher 
biometric growth and survival performance when compared to control. In initial years, 
Dicanthium annulatum species gives average yield of 6-7 tons/ha /year upto seven years after 
that it may reduce due to shade effect of Karanj trees. Hence, cultivation of grass is possible up 
to 7/8 years for getting average yield under inter-spaces of Pongamia pinnata on ravine humps. 
However, canopy management option is not feasible frequently for oilseed species. Because 
seed yield directly depends on level and intensity of branch development by trees. 
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Fig.2. Silvipasture System with Karanj trees for Sustainable Rehabilitation of Chambal 

ravines in South-Eastern Rajasthan 

Economics of Karanj based silvipasture system 

  The economics about Karanj planting, intercultural operations, maintenance 
expenditures together with expected benefits from Pongamia pinnata based silvipasture 
system are given in table 1. The establishment of Karanj based silvipasture system may incur 
cost about Rs. 35560/ ha. In addition, an amount of Rs.11,200/- may required as an annual 
maintenance cost for enhancing growth of trees and good quality fodder production. Similarly, 
expected outputs /income generated through tangible products from this technology are self 
explanatory as described.  

 

 Table 1: Development and Maintenance Cost (Rs/ha) of Karanj based silvipasture 

system  

S. No. Inputs and operations Numbers/ 
quantities 

Rate (Rs.) Total expenditure 
(Rs.) 

 A. Establishment    

1. Layout 10 labours 400/labour 4000.00 

2. Pit digging 400 pits 20/pit 8000.00 

3. Fertilizers and manures 400 pits 5/pit 2000.00 

4. Pit filling 400 pits 5/pit 2000.00 

5. Cost of planting materials 400 pits 10/plant 4000.00 

6. Irrigation cost(four irrigation/year 
) 

400 pits 2/plant 3200.00  

7.  Weeding and hoeing(four 
weeding/year) 

400 pits 1/plant 1600.00  

8. Half moon micro-catchment for 
moisture conservation 

400 plants 10/plant 1560.00 

9 Grass seed  5-6 kg/ha 600/kg 4200.00 
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10. Sowing /sodding of grass species 10/labours 200/labour 2000.00 

11 Cutting and management of 
grass(two times /year) 

5 labours 200/labour 2000.00  

10. Collection, cleaning and curing 
karanj seeds 
(yield = 1200-1500 seeds /kg/ha) 

5 labours 200/labour 1000.00  

   Total cost  35560 /ha 

 B Maintenance    

 Expenditures on intercultural 
operations from 2 to 7 years, Rs. / 
ha for getting good grass fodder 
yield 

  11,200.00 

 

Benefits/Outputs 
a) Tangible benefits: 

 Seed yield: Average income per year from seed (5 to 15 years) (ie.7500*11 years) 
= Rs. 82500/-Note: Income is calculated on the basis of an average seed yield of 
1500 kg/ha in ravine land (Karanj seed market value is Rs. 5/kg (Rs. 7500/ha). 

 Grass fodder: Grass yield of Dicanthium from 2nd -7th year (yield =6 tons/ha/year, 
Rs.2/kg*6000kg)   ie. Rs. 12000/ha/year * 6 years) = Rs.72000/- 

 Firewood yield: Average income from firewood at end of 15 year rotation (ie. 
Avg. wood yield = 135   kg/tree *400= 54000 or 54 tons/ha) (karanj firewood 
fetching market rate of 3000/ton. Therefore 54*3000 = Rs. 1.62 lakh  

b) Intangible benefits: Karanj based silvipasture may play intangible benefits like soil 
conservation, soil nutrient buildup and carbon sequestration services under  ravine 
ecosystem 

c)  Benefit Cost Ratio: Considering values of direct benefits of   15 years cycle (Project life) 
and 10% discount rate B: C ratio worked out at 1.32:1. 
 

CONCLUSION : The best scientific land use for resource poor degraded lands is to be placing 
them under permanent vegetation cover with perennial plants including fruit and forest trees 
along with forage grasses and energy yielding fuelwood shrubs species. Karanj based 
silvipasture system gives direct income /benefits from oilseed, oil cake, small firewood, leaf 
fodder, dry leaves as mulch material and  green fodder grass yield as an additional income.  
Apart from direct benefits, this silvipasture system might play significant role on resource 
conservation and carbon sequestration service under ravine ecosystem as an ecosystem or 
intangible benefits. The B: C ratio of the system is 1.32. It indicates that this technology is 
economically viable and ecologically suitable for productive utilization of ravine lands. Hence, 
Karanj based silvipasture technology is highly suitable for arresting ravine extension, 
reclamation and productive utilization of ravine lands in chambal region. This silvipasture 
technology for productive utilization is suitable for use under rainfed condition for semi-arid 
region with medium and deep ravenous lands along the bank of the major rivers like Chambal 
Yamuna, Kalisindh, Mahi, and their tributaries in the states of Rajasthan, UP, Madhya Pradesh 
and Gujarat. We sincerely hope that, these farmer friendly technologies would immensely 
helpful to the farmers and many user agencies. Therefore, use of multipurpose oilseed trees 
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species are well suited to arid and semi-arid region due to meet the twin concerns of livelihood 
enhancement and environmental protection - the key components for developing these 
resource poor lands.  
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Chemical composition and uses of lemon-scented basil (Ocimuma 
fricanum Lour.) 
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Hyderabad-500092, India 

Ocimum (Basil) is the most important genus of the subfamily Nepetoideae under the family 
Lamiaceae. The word Ocimum is derived from the Greek word “ozo” meaning smell and is 
called as “king of herbs” due to its immense use in traditional system of medicine, perfumery 
and pharmaceutical industry.In India, so far about nine species of Ocimum have been reported 
including three exotic species namely O. americanum L., O. minimum L., and O. × africanum 
Lour.Ocimumafricanum Lour. (Lemon-scented basil var. CIM-Jyoti) is a short duration herb with 
70-80 days of life span belongs to family Lamiaceae. The variety ‘CIM-Jyoti’ of Ocimum has been 
developed through selection for high yield of herb and essential oil with desirable quality of 
higher citral content (68–75%). 

INTRODUCTION 
It is commonly known as ‘lebutulsi’ or ‘lemon basil’ and finds uses in traditional medicine and 
flavouring purpose due to its pleasant aroma and diverse ethnobotanical and pharmacological 
properties. CSIR-Central Institute of Medicinal and Aromatic Plants Lucknow (CSIR-CIMAP) is 
actively involved in genetic enhancement of the Ocimum species by using different breeding 
approaches in view of traditional significance, together with the need for developing a better 
plant type having high herb, essential yield characters combined with a consistently high yield 
of phenylpropanoid citral, eugenol and other economically important chemical constituents to 
formulate value-added products. 
 

Taxonomy Details 
O. africanum, one of the important members of Ocimum genus, is an annual or short-lived 
perennial herb, up to 40 cm high Ocimumafricanum is known by several common names such 
as lemon basil, lemon-scented basil, hoary basil, thai lemon basil in Thailand. 

Kingdom : Plantae  

 

 

 

 

 

 

 

 

Division : Angiosperms 

Class : Eudicots 

Clade : Asterids 

Order : Lamiaceae 

Family : Lamiaceae 

Genus  : Ocimum 

Species : O. ×africanum 

Biological name : O. ×africanumLour. 

Botanical Description  
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Lemon basil plants can grow up to 40 cm tall. It has white flowers in late summer to early fall. 
The leaves are similar to basil leaves but tend to be narrower with slightly serrated edges. 
Seeds form on the plant after flowering and dry on the plant. leaf elliptic – broadly obovate, 
glabrous except hairy midrib, veinlets and margin, Inflorescence greenish, Flowers white, Calyx 
green, long hairy, Seed brownish black, ellipsoid, mucilaginous. 

Chemical Composition 

Lemon-scented basil is found in major chemical constituents citral (68-75%) and other 
Phytochemical are Limonene, Linalool, Methyl Chavicol, Geraniol, Eugenol, Methyl Eugenol, 
Geranyl Acetate, β-Elemene, Caryophyllene and camphor etc. found in essential oil of O. 
africanum var. CIM-Jyoti. 

Uses  

The dry herb (leaves), lemon-scented basil leaf tea, essential oil and its chemical (Citral) is very 
useful in pharmaceutical industry.  Leaves of this variety can also be used in lemon tea. Anti-
amnesic effects of lemon-scented basil volatile oils.The leaves of O. africanum is often eaten 
raw with salad and for seasoning dishes, such as curries, soup, stew and steamed or grilled 
dishes of Asian and Thai cuisines. It is also used in traditional medicine for various ailments such 
as cold, cough, headache, catarrh, bronchitis, skin diseases and also as expectorant, 
carminative, diaphoretic, stimulant, antifungal and antiemetic. The lemon-scented essential oil 
of O. africanum is used in food-flavour, fragrances and dental and oral preparations. 

CONCLUSION 

The cultivating of this crop instead of lemongrass gave citral in a short duration of 70–80 days 
and also it fits well in crop rotation/intercropping between lemongrass, and with other 
vegetable crops of small farmers. Leaves of this variety can also be used in lemon tea and gives 
additional income to the farmer within the short time span. 
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ABSTRACT 
Plants live in constantly changing environments that are often unfavorable or stressful for 
growth and development. These adverse environmental conditions include biotic stress, such as 
pathogen infection and herbivore attack, and abiotic stress, such as drought, heat, cold, 
nutrient deficiency, and excess of salt or toxic metals like aluminum, arsenate, and cadmium in 
the soil. Drought, salt, and temperature stresses are major environmental factors that affect 
the geographical distribution of plants in nature, limit plant productivity in agriculture, and 
threaten food security.Drought stress is a major cause of yield instability in crops across diverse 
eco-geographic regions worldwide. A variety of biochemical, molecular, and physiological 
changes are manifested by plants in response to drought stress.As mechanistic understanding 
has increased during the last decades, discovery-oriented approaches have begun to identify 
genetic determinants of salt tolerance. In addition to osmolytes, osmoprotectants, radical 
detoxification, ion transport systems, and changes in hormone levels and hormone-guided 
communications, the Salt Overly Sensitive (SOS) pathway has emerged to be a major defense 
mechanism. To elucidate signal transduction events leading to the cellular response to heavy 
metal stress we analyzed protein phosphorylation induced by elevated levels of copper and 
cadmium ions as examples for heavy metals with different physiochemical properties and 
functions. In this review, we will analyze the components of the SOS pathways, with emphasis 
on the integration of components recognized as hallmarks of a plant lifestyle under abiotic 
stress condition. 
Keywords: Abiotic stress, Drought,Heavy metal stress, Salinity, Signal perception and 
Transduction,Transcription factorsandPlant responses. 

INTRODUCTION 

Abiotic stress is severe environmental stress, which impairs crop production on irrigated land 
worldwide. Overall, the susceptibility or tolerance to the stress in plants is a coordinated action 
of multiple stress responsive genes, which also cross-talk with other components of stress 
signal transduction pathways.  Plants experience many different kinds of abiotic stresses 
including higher concentration of salt (salinity), extremes of temperature (low temperature, i.e., 
cold [chilling or freezing], higher temperature [heat] and water shortage (drought or 
dehydration). These stresses are the principal cause of reducing the yield of crops 
significantly.Overall, stress tolerance is a complex phenomenon because plants may go through 
multiple stresses at the same time during their development. Among abiotic stresses, the high 
salinity stress is the most severe environmental stress, which impairs crop production on at 
least 20% of irrigated land worldwide. In addition, increased salinity of arable land is expected 
to have devastating global effects, resulting in up to 50% land loss by the middle of 21st century. 

When plants respond to drought, stress signals are issued immediately after 
perception of the change in water status, transcription of stress response genes is induced 
according to these signals, and further signals are spread systemically throughout the plant. 
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During drought stress, the phytohormone, abscisic acid (ABA), accumulates and plays 
important roles in various responses to drought stress, such as stomata closure, induction of 
stress proteins, and accumulation of various metabolites for the protection of cells from 
water deficit stress. In addition, molecular analyses have revealed ABA-independent 
processes in drought stress responses. This entry describes the drought stress response 
signaling networks, which consist of intracellular signal transduction and transcriptional 
regulatory and intercellular communication networks. 

Salt stress negatively affects most plant growth phases and alters development. Ion 
imbalances are particularly detrimental during germination and seedling growth; less so during 
the vegetative growth, more so when flowering is initiated, and again less as seeds are set. Salt 
shock is often used in experiments, although in nature, the ion concentrations typically 
gradually change. Within minutes following salt shock, water deficit and wilting occur because 
of rapid change in the osmotic potential difference between the plant and exterior 
environment. Accompanying this water deficit stress are ABA biosynthesis and transportation 
throughout the plant initiating stomatal closure, among many other responses. The 
consequences, which are also contributed by ABA-independent mechanisms, are reduced 
transpiration and photosynthesis and increased photo-inhibition and oxidative stress. Such 
stresses may be countered by the scavenging defenses of reactive oxygen species (ROS) that 
are induced by hormonal changes. Ultimately, a decreased in leaf and root growth rates will 
occur that may accelerate over time. Water deficit, hyperosmotic stress, nutritional imbalance, 
and hyperionic toxicity are physiological hallmarks that may eventually lead to death. 

              Heavy metal ions play essential roles in many physiological processes. In trace amounts, 
several of these ions are required for metabolism, growth, and development. However, 
problems arise when cells are confronted with an excess of these vital ions or with non-
nutritional ions that lead to cellular damage. Heavy metal toxicity comprises inactivation of 
biomolecules by either blocking essential functional groups or by displacement of essential 
metal ions. In addition, auto-oxidation of redox active heavy metals and production of reactive 
oxygen species (ROS) by the Fenton reaction causes cellular injury. 

Plants and Signaling under abiotic stresses: 

Abiotic stresses are inevitable adverse conditions that exist in environment. Among them 
drought, salt, and temperature stresses are major environmental factors that affect the 
geographical distribution of plants in nature, limit plant productivity in agriculture, and threaten 
food security (Jian-Kang Zhu.,2016). In order to adapt to these environmental stress, plants 
have several mechanisms to sense the stress signals. Therefore, understanding the 
physiological and molecular aspects of plant functions under stressful conditions, for example, 
the activation of cascades of molecular networks (perception of stress signals, transducers, 
transcription regulators, target stress related genes and metabolites), is desirable. Recent 
studies have revealed that understanding signal perception and its transduction is crucial for 
engineering stress tolerance in crop plants. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=27716505
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Fig: Plants and Signaling under abiotic stresses 

 

Drought stress signaling 

The term “drought” comes with several connotations ranging from impaired yields due to too 
little water according to agronomists, to sudden severe water deficits as defined by molecular 
biologists.When plants respond to drought, stress signals are issued immediately after 
perception of the change in water status, transcription of stress response genes is induced 
according to these signals, and further signals are spread systemically throughout the 
plant.Since most of the drought-induced gene products such as stress proteins are water 
soluble, they provide hydration to cellular structures and thereby confer stress tolerance. LEA 
proteins are the most abundant stress proteins that are linked to both water and cold stress in 
plants. These proteins are active in seeds that contain high ABA levels. 

Protein kinase in drought signaling 

Several protein kinases are reported to express in response to osmotic stress. Mitogen-activated 
protein kinase (MAPK) cascades constitute one of the major cellular signaling components in 
eukaryotic cells and are generally activated in response of hyperosmotic stress. A large number of 
MAPKs, MAPKKs, and MAPKKKs have been identified in various plant species, which are shown to 
function in several various processes thus making complex networks. Transcript levels of many 
protein kinases including various members of MAPK signaling have been found to be increased 
under osmotic stress. This ultimately resulted in accumulation of osmolytes that help in 
reestablishing osmotic balance and protects the cells from stress damage by induction of several 
stress proteins such as LEA.Calcium-dependent protein kinases (CDPK) are another important 
group of kinases that are activated in response to osmotic stress and are found to activate 
calcium signaling. Among the several second messengers involved in drought stress signaling, 
Ca2+ plays an important role in both ABA-dependent and ABA-independent pathways by 
affecting different types of protein kinases, including the calcium-dependent protein kinase 
(CDPK) family.  
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Role of ABA in drought signaling 

During drought stress, the phytohormone, abscisic acid (ABA), accumulates and plays important 
roles in various responses to drought stress, such as stomata closure, induction of stress 
proteins, and accumulation of various metabolites for the protection of cells from water deficit 
stress. The role of ABA is not only in the regulation of developmental pathways but also for 
controlling many stress adaptation responses like activating genes responsible for osmotic 
adjustment, ion compartmentalization,root hydraulic conductivity, regulation of shoot and root 
growth, limiting transpiration rate and wilting, and ultimately reducing water loss in the plants 
.It is also involved in modification of gene expression and upregulation of various stress-
responsive genes during osmotic imbalance.Even though many genes are expressed in response 
to drought stress on exogenous ABA treatment, contrarily some genes do not respond to such 
treatments. This proposes the existence of two types of pathways: ABA-dependent and -
independent signal transduction cascades in crop plants. ABA-dependent signaling pathway 
mediates the plant’s acclimatization to stress by activating two different regulons: (1) the 
AREB/ABF (ABA-responsive element-binding protein/ABA- binding factor), and (2) the 
MYC/MYB regulon. The ABA-independentregulons are: (1) the CBF/DREB(Cold-
bindingfactor/dehydration-responsive element binding) regulon; and (2) theNACandZF-HD 
(zinc-finger homeodomain) regulon. 

 
Fig: ABA in drought signaling 

 

Plant cell signaling in responses to salinity stress: 

Membrane Integrity 

The most instant event occurs due to salt stress is the loss of turgor pressure, resulting in 
changes in cell structure and membrane leakage, and different compositions of cell 
membranes. Membrane rearrangement processes occur in plant cells for maintaining cell 
membrane integrity. For instance, the overexpression of phosphatidylinositol synthase genes in 
tobacco increases drought stress tolerance by modulating the membrane lipid composition. 
Ca2+ and IP3 
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Osmotic stress increases Ca2+ and inositol 1,4,5-trisphosphate (IP3) concentrations in the 
cytosol. The biosynthesis of the IP3 precursor phosphoinositidephosphatidylinositol4,5-
bisphosphate is rapidly induced by NaCl treatment, and the increase in IP3 concentration 
appears to mediate cellular Ca2+ mobilization. Ca2+ and IP3 fluxes act as secondary messengers 
in stress signal transduction.The downstream activation of mitogen-activated protein kinase 
(MAPK) cascades regulate the gene expression by phosphorylating many transcriptional 
activators. 
Osmolytes 

Osmotic imbalance and continued salt exposure inevitably lead to a water deficit, which is 
phenotypically shown by a partial loss of turgor. Plants activate mechanisms that lower the 
osmotic potential by generating osmotically active metabolites such as proline, sugars, and 
sugar alcohols. The type of accumulating osmolytes is to some degree species specific, and 
many of these compounds are also found in response to freezing, drought, and heat stresses. 
The solutes include sugars (sucrose and fructose), polyols (sorbitol, mannitol, glycerol, 
arabinitol, and pinitol), complex sugars (fructans, trehalose, and raffinose), ions (predominantly 
K+), specific proteins, and charged metabolites (betaine, proline, glutamate, aspartate, glycine, 
choline, putrescine, oxalate, and malate. Osmolytes may also function as osmoprotectants of 
proteins, macromolecular aggregates, and membranes; as antioxidants in redox balance; and as 
signaling molecules. Consequently, transgenic plants that overexpress osmolytes, such as 
glycine betaine, proline, sugar alcohols, and fructans, demonstrate tolerance to multiple abiotic 
stresses such as salinity, freezing, and heat. Water uptake and transportation also constitute 
important parameters for maintaining osmotic balance, which is associated with aquaporins. 
 

The SOS Pathway 

The SOS signaling pathway regulating ionic homeostasis under salt stress has received much 
attention, and the functions of the three genes in this pathway have been studied by 
analyzing Arabidopsis salt overly sensitive (sos) mutants. The SOS pathway plays an important 
role in regulating Na+/K+ homeostasis and salt tolerance and includes SOS1, a plasma 
membrane-localized Na+/H+ antiporter that mediates Na+efflux from the roots and loading of 
Na+ ions in the xylem. The second protein component is the Ser/Thr protein kinase SOS2 and 
the third is the calcium-binding protein SOS3, a myristoylated, EF-hand-containing protein. The 
SOS pathway invokes a salt stress-generated Ca2+ signal that is perceived by SOS3, enabling the 
formation of the SOS3-SOS2 complex, which phosphorylates and activates the transport activity 
of SOS1. The activated SOS3-SOS2 complex also stimulates, among other genes, the 
transcriptional activation of SOS1 and stabilizes cellular levels of SOS1 mRNA.The Ca2+-activated 
SOS pathway directly or indirectly affects K+ homeostasis. sos1, sos2, and sos3mutants are 
hypersensitive to K+ deficiency. However, activated SOS1 does not transport K+.K+ uptake 
in sos mutants is inhibited by even mild NaCl stress. The SOS pathway genes are conserved in 
many plant species and their overexpression increases salt tolerance in Arabidopsis and in 
heterologous species. SOS1 mRNA is unstable under normal growth conditions but is stabilized 
by salt (ionic) and dehydration stresses. The stabilization of SOS1 mRNA is also mediated by 
reactive oxygen species with SOS1, a component in oxidative stress signaling. SOS2 may also 
participate in reactive oxygen signaling. 
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Fig: SOS Pathway 

Plant signaling in response to heavy metals 

Heavy metal toxicity is one of the abiotic stresses that cause deleterious health effects both in 

animals and plants. Owing to their higher reactivity they directly affect growth, development, 

senescence and energy synthesis process. The signaling network eventually leads to 

transcriptional activation of metal-responsive gene to combat the stress. 

MAPK signaling in heavy metal stress 

There are plenty of reports showing the activation of MAPKs in response to heavy metals like 

Cd, Cu, and As, however studies in response to other metals such as Pb, Zn, Fe are very scant. In 

Arabidopsis, the best-characterized MAPKs are MPK3 and MPK6, which are activated by diverse 

stimuli are also known to induced by CdCl2 and CuSO4. Similarly in rice, OsMSRMK2 (OsMPK3 

homolog), OsMSRMK3 (OsMPK7 homolog), and OsWJUMK1 (OsMPK20-4 homolog) transcripts 

increased in response to Cu2+ and Cd2+ treatment in leaves and roots. 

Signals generated by heavy metal exposure: 

Heavy metals interact with metabolic pathways and therefore are able to generate signals. 

Thereby, the similarity of chemical properties of different metals plays a pivotal role especially 

between essential and non-essential metals. However, such interaction does not inevitably 

have a negative impact for the plant at all points. For instance, Arabidopsis or carrot plants 

exhibited an obvious better root elongation when growing with uranium probably due to the 

excretion of phenolic compounds into the rhizosphere which can stimulate root elongation. 
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Signal perception: 

Generally, a signal transduction pathway starts with the signal perception in the case of heavy 

metals with its recognition by the cell. It is likely that the metal is mainly perceived by plasma 

membrane proteins responsible for metal acquisition like reductases and transporters. 

However, other sensors can be expected resulting from physical alterations in cellular 

structures induced by metal exposure. 

 

Redox signaling induced by heavy metals: 

Heavy metal exposure can cause imbalances in the cellular redox homeostasis either by being 

itself redox-active or by replacing other metal ions (sometimes even redox-active ions) in 

biomolecules.. A fundamental role in signaling is fulfilled by the generated reactive oxygen 

species (ROS) which can activate mitogen-activated protein kinase (MAPK) cascades in a plant 

species and metal dependent manner. As an example, (Liu et al. 2010) demonstrated an 

activation of MPK3 and MPK6 via accumulation of ROS in Arabidopsis. These cascades end up 

by phosphorylation of transcription factors interacting with gene promoters and thus inducing 

gene expressions. It should be noted that there are differences between metal-sensitive and 

metal-tolerant plants: ROS-MAPK signals cause several cellular damages like interruption of 

hormonal signalling, programmed cell death in metal-sensitive plants. In contrast, metal-

tolerant plants are able to accumulate repair proteins such as chitinases and heat shock 

proteins (HSP). 

 

Fig: Redox signaling induced by heavy metals 
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Heavy Metal Signaling and Tolerance in Plants: 

In the last few decades, the research areas pertaining to plant responses and tolerance to 

heavy metal stress have rapidly progressed. Several genes that are induced under metal stress 

have been identified through various proteomics approaches as, for example, transcriptome 

analysis in different plants including Arabidopsis, Brassica, and Lycopersicum revealed role of 

several transcription factors (TFs) such as bHLH, bZIP, AP2/ERF, and DREB under heavy metal 

stress. Use of various proteomics techniques such as 2-D electrophoresis, MALDI-TOF, LC-MS 

have led to the discovery target proteins that take part in heavy metal detoxification in several 

plants including Oryza sativa, Zea mays, Arabidopsis, and Populus sp.. Similarly, various amino 

acids, amines, organic acids, phenol, glutathione, and α-tocopherol are some metabolites which 

have been reported to be involved under heavy metal stress tolerance.Heavy metal stress 

signal transduction is initiated by receptors/ion channels by perception of stress signal(s) and 

further by non-protein messengers such as cyclic nucleotides, calcium, and hydrogen ions. 

Several kinases and phosphatases relay the stress signals that further leads to gene expression 

of various TFs and synthesis of metal-detoxifying peptides. Heavy metal(s) activates distinct 

signaling pathways in plants such as calcium-dependent signaling, mitogen-activated protein 

kinase signaling, ROS signaling, and hormone signaling that enhance the expression of TFs 

and/or stress-responsive genes. Diverse Ca2+ sensors such as calmodulins (CaMs), CaM-like 

proteins, calcineurin B-like proteins (CBLs), and Ca2+-dependent protein kinases (CDPKs) exist in 

plants that sense, decode, and convey the alterations in cytosolic Ca2+concentration for the 

stress response. 
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Mutation is any change within the genome of an organism that is not brought on 

by normal recombination and segregation (Ataya et al 2018).For improving specific 

characteristics of well adapted high yielding variety mutagenesis has been 

successfully used to improve various quantitative characters including yield. 

Spontaneous mutations are those that occur without human intervention. These types of 

mutation happen randomly and the cause of them therefore not easily traceable.This includes 

the activity of mutagens found in nature such as solar radiation or reactive chemicals such as 

depurinators or free radicals. Mistakes during the replication of DNA during mitosis or unequal 

crossing-over events during meiosis can go un-repaired in a cell, leading to mutant progeny 

cells. Spontaneous mutants or chimeras are aberrant types that are found in nature and for 

which no deliberate intervention by man has engendered the novel phenotypes.Notable 

examples of spontaneous crop mutants whose heritable spontaneously altered characteristics 

led to made them suitable for human consumption is the loss of bitterness in almonds, lima 

beans, watermelons, potatoes, egg-plants, cabbages and several types of nuts. Other 

spontaneous mutations that have become advantageous include parthenocarpy in bananas and 

grapes. Table 1 provides a list of some spontaneous mutations that have facilitated the 

processes of crop domestication over time and hence settled agriculture. 

Table 1: Spontaneous mutations and domestication of crops (El-Sabaghet al 2011) 

Mutation that facilitated domestication  Examples of plant  

Abolishment of bitterness and toxicity  Almonds 

Abolishment of the need for sexual 
reproduction (seedlessness or 
parthenocarpy)  

Bananas, grapes, oranges, and pineapples  
 

Facility for self-compatible 
hermaphroditism  

Grapes, papaya, etc.  

Artificial induction of mutagenesis by ionizing radiation dates back to the beginning of the 20th 

century. But it took about 30 years to prove that such changes could be used in plant breeding. 

Initial attempts to induce mutations in plants mostly used X-rays: later, at the dawn of the 

"Atomic Age", gamma and neutron radiation were employed as these types of ionizing 

radiations became readily available from newly established nuclear research centres. 

Limitations were the concomitant increase of plant injury with increasing radiation dose and 

the low frequency of economically useful mutations. This led scientists to search for potentially 

better mutagens. As a result, new methods of radiation treatment, as well as chemical agents 

with mutagenic properties, were found.  
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Table 2: Physical mutagen 

Mutagen Source Characteristics 

X-rays X-ray machine  Electromagnetic radiation; penetrates tissues from a few 
millimetres to many centimetres 

Gamma 
rays 

Radioisotopes and 
nuclear reaction 

Electromagnetic radiation, very penetrating into tissues; 
sources are 60Co (Cobalt-60) and 137Cs (Caesium-137) 

Neutrons Nuclear reactors or 
accelerators 

Different types (fast, slow, thermal); uncharged particles; 
penetrate tissues to many centimetres; source is 235U 

Beta 
particles 

Radioactive 
isotopes or 
accelerators 

Electrons; ionize; shallowly penetrating; sources include 32P 
and 14C 

Alpha 
particles  

Radioisotopes Derived from radioisotopes; a helium nucleus capable of heavy 
ionization; very shallowly penetrating 

Protons Nuclear reactors or 
accelerators  

Produced in nuclear reactors and accelerators; derived from 
hydrogen nucleus; penetrate tissues up to several centimeters 

Ion beam  Particle accelerators  Produced positively charged ions accelerated at around 20%-
80% of the speed of light, deposit high energy on a target 

 

Table-3: Chemical mutagen 

Mutagen group Example Mode of action 

Alkylating agents 1-methyl-1-nitrosourea (MNU), 
1-ethyl-1-nitrosourea(ENU), 
Methyl 
methanesulphonate(MMS), 
Ethylmethanesulphonate 
(EMS), Dimethyl sulphate 

React with bases and add methyl or ethyl 
groups and, alkylated base may degrade to 
yield an abasic site, which is mutagenic and 
recombinogenic, or mispair to result in 
mutations upon DNA replication. 

Azide Sodium azide Same as alkylating agents. 

Hydroxylamine Hydroxylamine Same as alkylating agents. 

Antibiotics Actinomycin D, Mitomycin C, 
Azaserine, Sreptonigrin 

Chromosomal aberrations also reported to 
cause cytoplasmic male sterility 

Nitrous acid Nitrous acid Acts through deamination, replacement of 
cytosine by uracil, which leads to transitions 

Acridines Acridine orange Intercalate between DNA bases, causing a 
distortion of the DNA double helix. Results in 
frame shifts. 

Base analogues 5-bromouracil, Maleic 
hydrazide, 5-bromodeoxy- 
uridine, 2-aminopurine 

Incorporate into DNA in place of the normal 
bases during DNA replication thereby 
causing transitions and tautomerization. 

 

LIMITATION 
The frequency of desirable mutants is very low (0.1%). Screening of larger population to select 
desirable mutation. There may be problems in the registrations of a mutant variety. Most of the 
mutations are recessive (Detection in Clonal and polyploidy species difficult) 
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CONCLUSION: 
Effect of combined treatment of mutagens and recurrent mutagenesis need to be investigated 
in fruit crops.Validation of mutants through markers to identify them in early stages. Lastly 
there should be increase in the efficacy of absorption or uniformity of mutants through certain 
growth regulators. 
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INTRODUCTION  

Biotechnology is considered the use of biological processes or organisms for the 
improvement of the characteristics of plants, animals, micro-organisms or food, recent 
developments of biotechnology use in the seed industry. It presents biotechnology as providing 
powerful and useful tools, in a continuum of technical evolution that contributes or could 
contribute to the improvement of crop production, food quality and safety, while preserving 
the environment. Biotechnological tools have greatly contributed to the production and supply 
of improved quality seed and planting material to farmers worldwide.  

 Biotechnology used in seed Production and variety identity and purity 

 Multiplication process for vegetative propagated crops 

 Detect diseases transmitted by seed or planting material 

 Eradicate diseases transmitted by planting material 

 Protect seed with biological control agents 
 

Varietal identity and purity:- 

Cultivars are described using phenotypic characteristics, i.e. using characteristics resulting from 
the expression of genes. These characteristics may be either morphological or physiological. 
They may also be electrophoretic, as in the case of isozymes. Using isozymes to check varietal 
identity and purity provides a great advantage to seed producers, since it is a cheap and simple 
technique, analysis of other phenotypic characteristics. Isozyme electrophoresis results are 
unaffected by genotype environment interactions. It possible to distinguish varieties with 
accuracy, this technique requires several markers, isozyme polymorphism, and cultivars that 
are sufficiently uniform for these characteristics. 

Tissue Culture Techniques 

Miniaturized in vitro multiplication of plant material under aseptic and controlled artificial 
conditions, also known as micro-propagation, has been used for decades to speed up the 
propagation process for several vegetative propagated crops. This is the case for fruit trees (e.g. 
banana, date palm), roots and tubers (e.g. potato, cassava), vegetables (e.g. strawberry, 
asparagus), and ornamentals (e.g. roses, orchids). Somatic embryogenesis, a variation of micro- 
propagation embryos are directly regenerated instead of shoots and roots, several 
organizations investigated the possibility with some crops to use somatic embryos that could be 
encapsulated with different chemical and biological compounds.  

Biotechnology Used in Diseases Identification 

Two methods are being more and more used for identification of diseases transmitted by seed 
and planting material: 
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ELISA (Enzyme Linked Immunosorbent Assay) is a widely used technique based on an antibody-
antigen reaction, and used for diagnostic determination of the presence of specific molecules in 
a sample. 

PCR (Polymerase Chain Reaction) is a technical procedure that amplifies and makes it 
possible to detect a specific piece of DNA. These two techniques are much more sensitive and 
reliable than conventional seed health assays on grow-out media, and will ensure a much 
higher seed health level. However, for the time being, they are only operational for a limited 
number of diseases transmitted by seed or planting material. Moreover, the high sensitivity of 
these techniques, in particular PCR techniques, may lead to false-positive results. As far as 
quarantine pests are concerned, misuse of these techniques may lead to unnecessary troubles 
in international seed trade. To limit these potential difficulties, and optimize potential benefits 
from these new technologies. 
 

Doubled Haploids 

Using in vitro techniques, it is possible to regenerate plants from pollen or ovules. These plants, 
which contain only one copy of each chromosome, are called haploids. They are not viable. 
After appropriate chemical treatment, it is possible to restore the normal number of 
chromosomes and to regenerate viable plants. These plants, called double-haploids, are 
homozygous for all their genes. Such plants are of tremendous interest to plant breeders, since 
they allow development of pure line varieties or inbred parental lines much more quickly than 
through conventional breeding. Androgenesis (regeneration from pollen) has been successfully 
used for crops such as eggplant, pepper and wheat. Gynogenesis (regeneration from ovules) is 
used on barley. The bulbosum method used with barley does not require in vitro cultivation of 
ovules; development of haploids is obtained in vivo through interspecific crosses between 
barley and Hordeum bulbosum, a wild relative. 

Marker-Assisted Breeding 

Markers may be either phenotypic or genotypic, and marker-assisted breeding 
techniques DNA markers used in breeding programmes are Random Amplified Polymorphic 
DNA (RAPD), Amplified Fragment Length Polymorphism (AFLP), microsatellites, and Expressed 
Sequence Tags (ESTs). Each of these markers has a different set of advantages and limits. Cost 
and possible automation of the techniques are of particular importance for their adoption. Use 
of molecular markers, in association with linkage maps and genomics, offers plant breeders the 
potential to make genetic progress much more precisely and rapidly than through phenotypic 
selection. There are many applications for the use of DNA markers in breeding programmes. 
Enhancing knowledge of breeding material and systems, such as better understanding and 
more effective breeding of Quantitative Trait Loci (QTL); Rapid introgression or backcross 
breeding of simple characters, as the number of back-crosses required can be reduced 
drastically if there are markers for the character to be introduced and for the genetic 
background of the recurrent parent; New goals not possible through traditional breeding, 
including pyramiding of disease resistance genes with indistinguishable phenotypes. 
 

Embryo Rescue 

Breeders need access to the largest possible genetic variability. In some cases, variability 
available within a given species is not sufficient to answer a specific problem (e.g. resistance to 
some new disease). A solution available to breeders is inter-specific hybridization (crossing 
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plants from separate but related species). Embryos resulting from such hybridization rarely 
survive, due to incompatibilities between the embryo and the mother plant. Saving embryos is 
sometimes possible through their in vitro cultivation, which make it possible to isolate the inter-
specific embryo from the hostile mother plant environment. This technique has been used for 
the introduction of disease resistance into squash, lettuce, tomato, etc.  

Protoplast fusion 

Fusion of protoplasts is another technique to allow inter-specific hybridization between 
species that cannot be crossed through conventional breeding, even using in vitro embryo 
rescue. Protoplasts are plant cells that have had their outer walls removed through chemical 
treatment. While it is difficult or impossible to fuse plant cells, it is possible through various 
techniques (using either chemical or physical treatments) to merge protoplasts from different 
crop species or genera, and then to regenerate a whole plant resulting from the fusion process. 
This technique has been used to introduce traits such as male sterility into rapeseed, or disease 
resistances in potato. Similarly to embryo rescue, this technique will most probably be replaced 
by transgenesis, which is a faster, more effective and more precise technique. Moreover, 
protoplast fusion is generally not effective beyond the family level due to incompatibilities 
between two too-distant genomes making it impossible to regenerate plants. 

CONCLUSIONS  

Plant biotechnology has the potential to be a key tool to achieve sustainable agriculture, 
through improvement of food production in terms of quantity, quality and safety, while 
preserving the environment. biotechnology role to play in serving as a forum to negotiate 
international instruments to ensure safety while facilitating international trade, promoting 
collaborative work and technology transfer, development new technology. 
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Bael Fruit Cultivation - A boon for Chambal Ravines of South-Eastern 

Rajasthan 
Article id: 11236 

H.R. Meena*, S. Kala, A.K. Parandiyal, I. Rashmi and R.K. Singh  
Indian Institute of Soil and Water Conservation, Research Centre, Kota (Rajasthan) 

--------------------------------------------------------------------------- 

INTRODUCTION 

Utilization of degraded land resources with suitable species and proper management 

can promote sound land uses for improve land productivity. Ever increasing demographic 

pressure on lands creates further alarm on need for increasing land productivity. Rajasthan is 

estimated to have 452000 ha of ravine lands and thus account for about 12.5 % of the total 

ravinous area in the country. Almost 34.14 % of these ravines are infested by medium deep 

gullies while 33.26 % area of ravines is occupied by deep gullies. These rough terrains are 

scarcely cultivable. Hence ample possibilities exist for exploring these areas for cultivation of 

various fruit species. There is little opportunity for increasing the area under horticulture in 

arable lands, and therefore, we have to look at the opportunities for optimum utilization of 

degraded lands by bringing them under horticulture. The farmers may not be able to support 

the high input management system required for prominent horticultural fruit in existing 

degraded lands specially ravines. This necessitates the exploration of the possibilities for 

introducing unexploited and underutilized fruits species that too hardy and may provide 

optimum results in very harsh climatic condition.  At this juncture,  Bael (Aegle marmelos L.)  is 

a underutilized fruit tree which proved the most suitable in terms of nutritive value as well as 

economics for the farmers of Chambal ravines. In view of its remunerative values, medicinal 

and nutritional qualities and amicable to processing prospects, this fruit cultivation encouraged 

to cultivate under degraded ravine land areas of our country. This fruit crop can be grown 

where other fruit species were fail to survive. It can be grow purely as a rain fed crop as well as 

in a horti-pastoral system. Recently, our National Horticulture Mission has also emphasized the 

need for popularizing/ commercializing the underutilized fruits for nutritional security of 

growing population. 

Nutritional composition of fruit 

The ripened fruit pulp gives sweet higher quality "sherbet" which is mild laxative, tonic and 

digestive effects. Bael fruit is a highly nutritious. It has untapped source of minerals and 

vitamins. It contains water content (61.5g), protein (1.80g), fat (0.39g), fibre (2.90g), minerals 

(1.70g), carbohydrates (31.80g), carotene (55.0 mg), Calcium (85mg), Iron (0.60mg), thiamine 

(0.13mg), riboflavin (0.03mg), niacin (1.1mg), vitamin C (67-100 mg) etc., per 100 g of edible 

fruit pulp. 

 

Soil and climate 

The bael tree is very hardy; it can thrive well even in swampy, alkaline and stony soil having pH 

range from 5 to 10, where many other fruit trees fail. However, well drained sandy loam soil is 
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the best for bael production. The bael trees grow successfully and produce higher yields in sub-

tropical climate where summer is hot and dry and winter is mild. Further, bael tree is reported 

to be hardy and can be grown up to an altitude of 1219 m and is not damaged by temperature 

as low as -7oC. 

Production technology for Beal cultivation under Chambal ravines 

Pit digging and filling 

Pits of size 1.0 x 1.0 x 1.0 m are dug at a desired spacing (8x8m) during the month of May. The 

dug out pits are left for desiccation during May-June. Vegetation debris, pebbles etc. are 

removed from the piled soils. Prepared soil media with equal quantity of soil, fine sand, farm 

yard manure along with 100 g Malathion or Fenvalerate dust for each pit. If soils are compact 

and deficit in phosphorus, addition of 1 Kg of single super phosphate. The pits are filled up to 

rim with prepared mixture during the mid of June. At least one year age of seedlings with 

improved variety (N.B.-5) are planted after onset of first monsoon rains. 

Transplanting  

Straw/ polythene wrappings of procured seedlings are removed and inserted in to the prepared 

pits by making a small hole at the centre of the pit followed by a little compression for allowing 

the seedling to be in close contact with the mixed soil in the pit for its better establishment. 

Earthen up around the stem of plants with 30 cm height to protect fungal infections on the 

stem. It protects the stem from direct hit of the water. Drenching with 0.2% solution of 

chlorpyriphos (25 EC) helps to avoid infestation with termites. 

 

Water harvesting and moisture conservation 

Half moon shaped micro catchment shaping is prepared by providing mild slope to the land on 

the upstream of planted seedling leading the rain water to the roots of planted seedlings and 

making a crescent shaped bund on the downstream side of  the pit at a distance of 0.25m  from 

the stem of tree. The system (horti-pastoral) does not required major intercultural practices but 

periodical weeding and hoeing in the initial stages up to 2nd year of plantation improves growth 

of planted seedlings and soil moisture conservation. 
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Irrigation and nutrient management 

For better survival and growth life saving irrigations is required for two years during summer 

season in initial stage of planting with 20 days intervals. Adding of FYM at six monthly intervals 

@ 25-50 kg per plant will improve production of the fruits and application of 20 kg of nitrogen 

per hectare during the late September and early October will prolong availability of green 

fodder during winter. 

 

 

 

Training and pruning 

Training and pruning also required for sound structures with proper shape of the plants. 

Removed sprouting of stem below the budding portion of the stem and also removed the weak, 

damaged and dried branches from the plant. 
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Harvesting and transportation 

Mature bael fruits are harvested individually from the tree along with a portion of fruit stalk at 

the colour turning stage from green to yellowish green. To prevent fruit from falling on the 

ground fruit picker is used for harvesting. It is necessary that fruits are graded based on size, 

packed with some cushioning materials (paper cuttings or paddy straw) to avoid cracking of the 

fruits due to impact in transportation, otherwise fruits will contract fungal diseases. 

Plant protection 

Bael being a hardy crop, there is no serious insect pest and diseases as of now. But sooty mould 

has been noticed in commercial bael orchards which can be managed by spraying wettable 

sulphur + chlorpyriphos dust + gum acacia (0.2+0.1+0.3%). During new leaf emergence, leaf 

eating caterpillar is causing serious problem and it can be managed by application of thiodan @ 

0.1% as foliar spray. Fruit cracking and fruit drop are two important physiological disorders 

found in the bael fruits. These can be managed by providing good irrigation facility, making 

wind breaks around the orchard and by spraying borax @ 0.1% twice at full bloom and after 

fruit set. 

Interspace management 

Bael trees are raised under hortipastoral system in that case the interspaces are planted with 

Cenchrus ciliaris (Dhaman) and Dicanthium annulatum (Karad) grass at 30 cm x 30 cm spacing 

by making a furrow or pit of 15 cm depth across the general land slope. Fresh and healthy 3-4 

tillers are sufficient enough to be sodden in a single pit to reduce soil erosion hazards. Grass 

production increases form the 2nd seasons of harvest and declines gradually. Hence, about 1/3rd 

area is resodded or resown at the end of every five years for sustained grass production from 

the area.  

Yield and economics 

The NB -5 variety of bael tree starts bearing in 5th year onward and reached in full bearing on 

10-12 years of planting (Table-1).. It produces an average of 100 -150 fruits per plant in 

vegetative propagated trees. Harvested beal fruits are significantly large, bulky almost equal to 

watermelon in size and weight from fruit plantation of Chambal ravines. Improved cultivars of 

bael produce superior fruits in terms of size and weight than seeded plants. Fruit yield vary with 

climatic conditions, types of soils, management. An amount of Rs. 70,000 as net income can be 

obtained from one hectare area of improved cultivar of NB-5 bael orchard.   

  

Table-1: Cost of bael orchard development and maintenance (per ha) 

Sl. 
No. 

Inputs and operations Numbers/quantities Rate (Rs.) Total expenditure (Rs.) 

1. Layout 5 labours 250/labour 1250.00 

2. Pit digging 156 pits 25/pit 3900.00 

3. Fertilizers and manures 156 pits 15/pit 2340.00 

4. Pit filling 156 pits 10/pit 1560.00 

5. Cost of planting 
materials 

156 pits 25/plant 3900.00 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

116 
 
 

6. Irrigation cost 156 pits 3/plant 1872.00 (four irrigation) 

7.  Weeding and hoeing 156 pits 5/plant 3120.00 (four weeding) 

8. Crescent bunding for 
moisture conservation 

156 plants 15/plant 2340.00 

   Total cost 20282.00 

 

Expenditures  

Intercultural operations from 2 to 4 years               Rs. 11200.00 

Intercultural operations from 5 to 25 years (as per need)             Rs. 145600.00 

Income 

Average income per year from 5 to 25 years               Rs. 78000.00 

Average annual expenditure from 5 to 25 years               Rs. 6940.00 

Note: Income is calculated on the basis of an average of 50 fruits per plant with one kg weight 

per fruit and market value is Rs. 10 per kg fruits. 

 

CONCLUSION 

  In the ravine areas, many efforts were undertaken to popularized beal cultivation 

through mass media among farmers because it is a native, drought hardy, less nutrient demand 

and medicinally important fruit trees would be beneficial for potential utilization of 

unproductive ravines for cultivation of underutilized native fruit species like Bael. It could be 

given additional money and make fodder available for their cattle year round. Successful 

cultivation can be taken on mass scale by farmers of this region could be facilitate to set up 

food processing units to generate employment avenues for the local people in near future. 

Over all, this beal plantation acts as a model plantation for creation more awareness to many 

stakeholders’ viz., watershed development team members, various government department 

officials and farmers. The people who have visited this plantation were highly convinced, 

forwarded and demanding more planting material for initiating beal cultivation on commercial 

basis in the Chambal ravines. 
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Hi -tech production technology of red ginger (Alpinia purpurata) 
Article id: 11237 

C. Tamilselvi* and G. Sathish 
*Agricultural College and Research Institute, Eachangkottai, Thanjavur 

 
Red ginger, Alpinia purpurata (Vieill). K. Schum is a tropical ornamental plant belonging to 

the family Zingiberaceae. It is commonly known as ortrich plume or pink cone flower. It can be 

successfully grown with minimum input with less care. The inflorescence is with deep purplish 

red colored attractive bracts and inconspicuous white flowers. Red ginger is used as a landscape 

ornamental and cut flower because of its long attractive red flower bracts and lush green 

leaves. It is well adapted to all major agro climatic zones of the country and can be grown in the 

North Eastern parts of India. 

 

Important species  

 It is an herbaceous plant having a thick fragrant rootstock, resembling the scent of 

ginger. They can grow up to 10 feet high with a 3 foot spread. Of the four named cultivars of 

red gingers in cultivation, only 'Jungle King', a slow-growing variety with globe shaped 

inflorescences and 'Eileen McDonald', a pink version of the common red ginger, has commercial 

cut flower value. 

 The important species of Alpinia, which have ornamental value, are A. zerumbet, which 

bears beautiful flowers and is commonly called as Queen's Candle. A. speciosa, the shell flower or 

shell ginger, (white and purple, fragrant); A. sanderae (leaves striped white green, rarely 

blooms); A. calcarata (leaves green, red and yellow flowers). 

 

Propagation  

 It is propagated by division of the rhizomes or rooting of aerial shoots produced in the 

axils of the inflorescence bracts. Plants obtained from divisions of mature plants will produce 

fewer stems with larger diameter and height producing marketable flowers at an early age. 

Fresh seed of Alpinia purpurata germinate in about 2 to 3 weeks time when sown shallow on a 

damp organic medium. 

 

Climate 

  The optimum temperature for growth and development is 21 to 35°C. In the tropical 

areas, these plants may be grown outside in partial shade. In the humid tropics, they flourish 

well up to an elevation of 500 m above mean sea level. It cannot tolerate temperatures below 

10°C and should be grown in conditions of 16°C or higher. Where minimum temperatures are 

above 21°C, an emerging stalk will flower in 4.5 to 5 months. When minimum temperatures drop 

below 10°C, red gingers grow very slowly, turn yellowish green color, and produce small, tight, 

cone-like inflorescences that do not open normally, At 5°C or less, necrosis of the foliage and 

inflorescence will be evident and freezing temperatures will kill the shoots back to the ground. 

The red varieties produce better quality flowers under very light shade. 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

118 
 
 

Cultivation 

Soils 

  A well -drained loam or sandy loam soil is recommended. In clay soil, rooting is delayed. 

They require high moisture, so they do not need a huge amount of drainage. However in poorly 

drained soil, considerable chlorosis will occur. The soil should be constantly moist throughout 

the summer. 

 

Planting and Spacing 

  The rhizomes divided into small pieces are planted in pots or directly in the field. For 

pot growing, potting mixture consisting of equal parts of loam, leaf mold and well-decayed 

manure is the best medium. For planting in the field, the land is prepared by ploughing. The 

rhizome is planted about one inch below the soil surface. A spacing of 50 x 50cm is adopted. 

Watering is restricted till the rhizomes sprout, as too much watering may lead to the rooting of 

rhizomes. 

 

Nutrition 

  Well rotten farmyard manure at the rate of 4-5kg/m2 may be applied at the time of soil 

preparation and 5-10g each of NPK/m2 at the time of planting rhizomes. They should be given 

fertilizer every two weeks during their active growth period. For microelements, the target 

ranges are 450-700 mg/1. Mn, 30-60 mg/1 Fe, 10-15 mg/1 Cu, 40-90 mg/1 Zn, and 15-25  

mg/1B. 

 

Irrigation 

 No critical studies have been conducted, but red ginger requires water in excess of the 

25-mm/ week. When the plants have finished flowering, they should be watered less, just 

enough to keep the soil from drying out completely.  

 

Pest & Disease Management  

 No serious pests are reported in red ginger except for red spider mite.  

 

Harvest 

 The flowers are harvested with long stalk of 50-80cm in length by giving a slanting cut at 

the base of the inflorescence stalk. The inflorescence last for 2 to 3 weeks after removing from 

the plant. Harvesting the flowers early in the morning or late evening and immediate immersing 

the cut end in water containing a biocide extends the post harvest longevity. 
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            Red Ginger Flower stalk                                        Red Ginger in Flower Arrangement  

 

Flower arrangement in vases 

 While arranging the red ginger in vases the following care should be taken to maintain 

the freshness of flowers. 

 The floral stalk should be cut 2-3 inches from the base 

 Care should be taken that there are no foliage under water 

 The flowers should be arranged in a vase containing warm water with floral 

preservatives for few hours or overnight.  

 Water should be removed daily. Fresh water should be added 

 Dying of flowers and foliage should be done daily 

 To prolong vase life, recut the stem bases, every 4-5 days clean the container thoroughly 

and rearrange the remaining flowers adding the mixture of warm water and floral 

preservatives. 
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Use of Bio-fertilizers in Vegetable Production 
Article id: 11238 
Jitendra Kumar  

Ph.D. Scholar 
Department of Vegetable 

College of Horticulture and Vegetable 
N.D.U.A. &T., KUMARGANJ, AYODHYA- 224229 

                   

Bio-fertilizers have definite advantage over chemical fertilizers. Chemical fertilizers supply over 

nitrogen whereas bio-fertilizers provide in addition to nitrogen certain growth promoting 

substances like hormones, vitamins, amino acids, etc, crops have to be provided with chemical 

fertilizers repeatedly to replenish the loss of nitrogen utilized for crop growth. Bio-fertilizers 

application in agriculture will have greater impact on organic agriculture and also on the control 

of environmental pollution, soil health improvement and reduction in input use. Farmers try to 

increase yields of vegetable crops by mean of heavy nutrition's.Therefore, clean agriculture 

recently depends upon using bio-fertilizers as well as organic in order to produce high yields 

with the best commodity quality without contamination and less accumulation with heavy 

metals. 

Bio-fertilizers, Vegetable production, Nitrogen, Soil health, Yield 

The  application  of  high  input  technologies  such  as chemical  fertilizers,  pesticides,  

herbicides  have  improved the production but there is growing concern over the adverse  

effects  of  the  use  of  chemicals  on  soil  productivity  and  environment quality. Thus, 

integrated nutrient management has become an accepted strategy to bring about 

improvement in soil fertility and protecting the environment. This strategy utilizes a judicious 

combination of fertilizers, organic  manures  and  bio-fertilizers. Bio- fertilizer is a natural 

product carrying living micro organisms derived from the root or cultivated soil. So they don’t 

have any ill effect on soil health and environment. Besides their role in atmospheric nitrogen 

fixation and phosphorous solubilisation, these also help in stimulating the plant growth 

hormones providing better nutrient uptake and increased tolerance towards drought and 

moisture stress. A small dose of bio-fertilizer is sufficient to produce desirable results because 

each gram of carrier of bio-fertilizers contains at least 10 million viable cells of a specific strain. 

Bio-fertilizers means the product containing carrier base (solid or liquid) living microbial 

preparations which are agriculturally useful in terms of nitrogen fixation, phosphorus 

solubilization or nutrient  mobilization to increase  the  productivity  of  the  soil and/or  crop.  

Importance  

Bio-fertilizer  has  been  identified  as  an  alternative  to  chemical  fertilizer  to  increase  soil  

fertility  and  crop  production in sustainable farming. The use of bio-fertilizers  effectively  

enrich  the  soil and  cost  less  than  chemical  fertilizers,  which  harm the  environment  and  

deplete  non- renewable  energy  sources.  Bio-fertilizers have  definite  advantage  over  
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chemical  fertilizers.  Chemical  fertilizers  supply  over  nitrogen  whereas  bio-fertilizers  

provide  in   addition  to  nitrogen  certain  growth  promoting  substances  like hormones, 

vitamins, amino acids, etc, crops have to be provided  with  chemical  fertilizers  repeatedly  to  

replenish  the loss  of nitrogen utilized for  crop growth. On  the other  hand  bio-fertilizers  

supply  the  nitrogen  continuously throughout  the entire period of crop growth in the field 

under favourable conditions. Continuous use of chemical fertilizers adversely affects the  soil 

structure whereas bio- fertilizers when applied to soil improve the  soil structure.  

The    utilization  of  microbial  products  has  several  advantages  over  conventional  

chemicals  for  agricultural purposes:  

 They supplement fertilizer supplies for meeting the nutrient needs of crops.  

 They can add 20-200 kg N/ha (by fixation) under optimum conditions and 

solubilize/mobilize 30-50  kg P2O5/ha.  

 They suppress the incidence of pathogens and control diseases. 

 They increase crop yield by 10-15%, N-fixers reduce depletion of soil nutrients and 

provide sustainability to the farming system.  

 Bio-fertilizers are known to make a number of contributions in agriculture.  

 They liberate growth promoting substances and vitamins and help maintain soil fertility.  

 They improve soil physical properties, tilth and soil health in general.  

 

Microorganisms  such  as  bacteria,  fungi  and actenomyces  play  a  principle  role  in  N  

fixation  and  P availability in soil which may increase the uptake of N and P through  plant  

roots. These microorganisms could be grown under laboratory conditions and then applied to 

seeds, roots or directly to the soil. The aim of using N-bio- fertilizers is  to increase soil content  

of free living bacteria such  as;  Azotobacter  sp.,  Azospirillum  sp.,  Klebsiella  sp. and others 

which are expected to increase N- fixation in the  soil.  Of  course symbiotic  bacteria  of  genus  

Rhizobium  is also  considered  as a  good  way  of N-  fixation  in  legume crops.  Among the 

various nutrients, nitrogen is one of the key elements for higher productivity. Nitrogenous 

fertilizers and  biological  nitrogen  fixation  represent  the  major  inputs of  nitrogen  for  crops.  

Although improved technologies of  

fertilizer  nitrogen  production  and  increased  efficiency  of  fertilizer use by plants could make 

more nitrogen available  for  the  plants,  alternate  technologies  are  being  sought  to  reduce 

the dependence of plants on fertilizer nitrogen. The nitrogen-fixing microorganisms like 

Rhizobium,  Azospirillum, Azotobacter, Azolla, cyanobacteria etc. fixes nearly 175 x 106 tonnes 

of N on the earth surface and it may be possible to meet a large part of nitrogen demand 

through proper manipulation of these organisms in crop production system.  
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Benefits of using BNF (Biological nitrogen fixation)  

 Economics: BNF reduces costs of bio fertilizers production.  

 Environment:  The  use  of  inoculants  as  alternatives  to  N fertilizer  avoids  problems  
of contamination  of  water  resources from leaching and runoff of excess fertilizer.  

 Efficiency: Legume inoculants do not require high levels of energy for their production 
or distribution. Application on the seed is simple compared to spreading fertilizer on the 
field.  

 Better yields:  Inoculants increase legume crop yields in many areas.  BNF often 
improves the quality of dietary protein of legume seed even when yield increases are 
not detected.  

 Increased  soil  fertility:  Through  practices  such  as  green manuring,  crop  rotations,  
and  alley  cropping,  N  fixing legumes can increase soil fertility, permeability, and 
organic matter to benefit non-legume crops.  

 Sustainability: Using BNF is part of the wise management of agricultural systems. The 
economic, environmental, and agronomic advantages of BNF make it a cornerstone of 
sustainable agricultural systems.  

 

Azotobacter  

Azotobacter represents the main group of heterotrophic free living nitrogen-fixing bacteria. 

They are Gram negative, large  ovoid  pleomorphic  cells  of  1.5-2.0  ìm  or  more  in diameter  

ranging  from  rods  to  coccoid  cells. They occur singly, in paired or irregular clumps and 

sometime in chains of varying length. They do not produce endospores but form cysts. They are 

motile by peritrichous flagella or non motile. Azotobacter spp. is most specifically noted for 

their nitrogen fixing ability but they have also been noted for their ability to produce different 

growth hormones (IAA and other Auxins, such as gibberllins and cytokinins), vitamins and 

siderophores. Azotobacter is capable of converting nitrogen to ammonia, which in turn is taken 

up by the plants. Azotobacter species can also produce antifungal compounds to fight against 

many plant pathogens. 

Azospirillum  

They are called as associative endosymbiont on roots of grasses and similar types of plants. 

They are also known to fix atmospheric nitrogen and benefit host plants by supplying growth 

hormones and vitamins. Generally the nitrogen requirement of non-leguminous crops such as 

cereals, grasses and horticultural crops met partly from the activities of associative symbiotic 

bacteria – Azospirillum. Azospirillum is considered to be more efficient and it has been reported 

that Azospirillum inoculation increases the growth, nitrogen uptake and yield in number of 

crops. Number of scientific findings were well documented that application of Azospirillum and 

other plant growth promoting rhizobacteria improve the plant growth and yield of 

commercially important  crops  like  tomato,  brinjal  and  chillies (Sukhada 1988). Kumaran et 

al. (1998) reported that tomato growth, yield and quality parameters such as TSS, ascorbic acid 

and lycopene contents were  higher in plants with phosphobacteria and Azospirillum.  
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Phosphobacteria  

Microorganisms are also involved in the availability of phosphorus, the second most important 

nutrient required by crop plants. The phosphate solubilizing bacteria (PSB) solubilize the 

insoluble phosphates and make them available for crop plants in the rhizosphere region. 

Several soil bacteria and fungi notably species of Pseudomonas, Bacillus, Penicillium and 

Aspergillus etc. secrete organic acids and lower the pH in their vicinity to bring about 

solubilization of bound phosphates in soil. Increased in the yield of various crops were 

demonstrated due to inoculation of peat based cultures of phosphobacteria and saving up to 50 

per cent of recommended level of P2O5 was observed in many  experiments. The chilli cultivars 

(Arka lohit, Arka jwala and Arka anamika) and Brinjal inoculated with Phosphobacteria found to 

increase crop growth and yield (Sukhada 1999).  

Vesicular Arbuscular Mycorrhiza (VAM)  

Mycorrhiza is the mutualistic association between plant roots and fungal mycelia. Many 

graminaceous plants legumes and horticultural crops are highly susceptible to VAM 

colonization.  The transfer of  nutrients mainly phosphorus from the soil to the cells of the root 

cortex is mediated  by intracellular obligate fungal endosymbiont of the genera Glomus, 

Gigaspora, Acaulospora, Scleroscystis and Endogone which posses vesicles for storage of 

nutrients and arbuscules for funneling these  nutrients into the root system. The mycorrhizal 

fungi mobilize phosphates and other micronutrients like zinc, boron and molybdenum from 

adjacent soil to the root system through hyphal network. Enhanced uptake of phosphorus and 

increased plant growth due to inoculation of  soil with VAM  fungi in  horticultural crops such 

chilli (Bagyaraj and Sreeramulu 1982), tomato (Fairweather  and Parbery  1982), asparagus 

(Hussey et al. 1984), potato (Bhattarai  and  Mishra  1984) and lettuce (Water and Coltman 

1989) has been observed.  

Combined inoculation   

The highest number of fruits, fruit weight, length of fruits and thickness of fruits were obtained 

with the application of combination of organic manures together with Azotobacter and PSB in 

okra crop  (Bairwa et al. 2009). Gomaa (1995) mentioned that seeds inoculation of tomato 

plants with a mixture of Azotobacter chroococcum, Azospirillum brasilense and Bacillus subtilus 

results an increase in fresh and dry weight of plants over inoculating plants with Azospirillum 

brasilense or Azotobacter chroococcum alone. Murumkar and Patil (1996) studied the effect of 

vesicular arbuscular mycorrhizal (VAM) fungi and its combination with diazotrophs Azotobacter 

chroococcum, Azospirillum lipoferum on Capsicum annuum cv. California Wonder. They found 

that plant dry weight significantly increased by mycorrhizal inoculation together with different 

diazotrophs. Khan and Pariari (2012) showed that the inoculation with Azospirillum + 75% N 

along with P and K recorded maximum fruit yield (10.25 t/ha), number of fruits/plant (80.20), 
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fruit length (6.72 cm) and oleoresin content (19.80%). All  the  growth  characters  like  plant 

height (62.75 cm) and  number of  branches /plant (25.15) was  found  highest  with  

Azospirillum  +  100%  N  +  PK, which were  at par  with Azotobacter +  100% N  + PK.  All the 

treatments were found superior over control (recommended  dose  of NPK  only). Considering  

the  cost: benefit  ratio  and  yield  of  the  crop,  Azospirillum  was considered better over 

Azotobacter.  
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INTRODUCTION 

 Vegetables such as gourd, turmeric, watermelon, melon, petha, cucumber, tinda, 
bitter gourd etc. are cultivated in the plains, from March to June in the summer season. In the 
case of early cultivation of these vegetables which earn more income, the poly house technique 
can be done by preparing the nursery of these vegetables during the winter season. Before 
these vegetables are prepared and then in the main field the roots are planted without 
damaging the roots. 
 

Variety and hybrid species - 
 

Cucumber:  Poinsett, Japanese, Clove Green, Pusa Coincidence and Pusa Uday 
Karela:  Pusa- Do-Mausami , Pusa Special, Pusa Hybrid-1 and Pusa Hybrid-2 
Tori:  Pusa Supriya, Pusa Sneha, Pusa Smooth, Satupatiya, Pusa Nutan and K-1 
Pumpkin:  Pusa Fausta, Pusa Vikas, Arka Chandan and Pusa Hybrid-1 
 
Fertilizers and compost: During the preparation of the field in the above vegetables with 
mostly well, manure 15-20 tonnes / hectare cow dung and 80 kg Nitrogen, 50 kg Phosphorus 
and 50 kg Potash is required. 
 
Sowing the seeds:  Approximately 45 cm in the field Wide and 30-40 cm Make deep drains. The 
distance from one drain to the other, according to the cultivation of the crop, 1.5 ki. 5m from 
Keep up to Put the water in drains before sowing. When the quantity of moisture in the drain is 
suitable for sowing, then in the place of sowing, roast the soil to 0.05 to 1.0 m. Sown the seeds 
at a distance. 
 
Sowing time: Sowing the spring-summer fruits in February-March and do the rainy season from 
June to July in the month of July. 
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Irrigation: Provide water from time to time as per the requirement of the crop and in irrigation 
and weeding-drainage drains. 
 

Aging cultivation by poly house method : In order to prepare the next crop for the summer 
season  the plains of northern India in the field of  vegetables, in the poly house, in January, the 
size of the hut is made by making a poly house and  preparing  the  plant. 15 cm to 10 cm for 
preparation of plants In the polyethylene bags of size, 1: 1: 1 of the soil, fill the sand and 
cowdung manure, and drain the water with the help of swelling.Later in these bags about 1 cm 
After sowing the seeds on the depths, lay the thin layer of sand and water it with the help of 
Hazare. Plants are able to plant in the farm  in about 4 weeks. When  the fear of falling in the 
month of February ends, after cutting the polythene bag from  the blade, after planting the soil 
with the soil of the plant, transplanting the fields in the rust of muds formed in the fields. Thus, 
about a month and a half  months the next crop is ready, so that the farmers can earn more 
profit by preparing the next crop. 
 

Seed rate: The seeds for different crops are as follows:  Cucumber - 2.2-2.5 kg, Bitter gourd - 
6-7 kg, Pumpkin - 3-4 kg, Tori - 5 -5 kg, Champcan Pumpkin - 5 -6 kg per hectare. 
 

Yield: The crop is as follows:  Cucumber - 100-120 quintals, Bitter gourd - 75-120 quintals, 
Pumpkin - 250-500 quintals, Tori - 100-130 quintals, champcan pumpkin 50-60 quintal / 
hectare. 
 

Post harvest technology : Crush bell crops such as cucumber, ghee, tomato and sour when they 
are raw and soft.Do it with the help of scissors and break the fruit (4-5 cm) with stalks. 
Packing by rating by color and size.Keep packed fruits in a quick gourd or cold storage.Cut out 
the packaged fruits and dry them in a clean place and seal it in polythene bags. 
 

Insect management 
1. Red Pumpkin Beetle (Red Pumpkin Beetle) 
Both the infant and the adult of this pest harm the crop. Adult pests do stray holes in the leaves 
of plants, while infants harm the plants, underground stems and damage to the fruit and leaves 
adjacent to the land. 
 
Management - 
1. At the end of the harvest, remove the vines from the field and destroy them. 
2. With the sowing of the crop the effect of the pest can be reduced. 
3. Gather the brown beetle in the morning and destroy it. 
4. Carbaryl 50 W.P. 2 gm / liter or endosulphan 35 EC 2ml fluor or amamacetine banjoet 5 g 1 g 
/ 2 liter or endoxacab 14.5 sc Sprinkle 1 ml / 2 liters. 
5. Cloverpiecephos 20 EC for underground babies. Use 2.5 liter / hectare with light irrigation. 
 

2. Fruit fly  
The pest of the insect gives the eggs in the fruit and immediately after the baby leaves the egg, 
they make the tunnel by eating the inside of the fruit within it. 
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Management - 
1. Destroy Puma by ridding the farm. 
2. Destroy  the affected fruits too. 
3. Sweet poison to attract flies, which is endosulphan 35 E.C. 5 ml / liter and 1 percent sugar / 
jaggery (25 grams / liters) can be sprayed at a rate of 50 liter / ha. Fruit fly rests on the lower 
surface of the fly leaves of the fly on the night so it helps control the insect by applying a fly and 
spraying it on the field of pumpkin seed crops. 
4. By methyl to attract fruit flies, this pest can also be controlled. 
 
3. White fly 
The leaves of the insect get yellowed by the juice of the infants and adults. Due to black fungus 
on their honeybeat, the ability to make plants' food is reduced.Endosulphan 35 E.C. for the 
prevention of this pest. 2 ml / liter or imidacloprid 17.8 sl 1 ml / 3 liter or dogmeetheat 30 cc 
Sprinkle 2ml / liter. 
 
4.  Aphid 
Chepa attacks aggressively on almost all the pumpkin varieties. They cause damage to the crop 
by releasing juice from the soft parts of plants. 
 
Management - 
1. Protect Lady Bird Beech. 
2. Do not use nitrogen fertilizers more. 
3. Imidacloprid 17.8 S.L. 1 ml / 3 liters or dynamite 30 cc 2ml / liter or quinolphos 25 EC 2 ml / 
liters spraying 
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INTRODUCTION 
Physiological or a-biotic disorders are mainly caused by changing environmental conditions 
such as temperature, moisture, unbalanced soil moisture, inadequate or excess of certain soil 
minerals, extremes of soil pH and poor drainage. The distinction between physiological or 
abiotic disorders from other disorders is that they are not caused by living organisms (viruses, 
bacteria, fungi, insects, etc.), but they are the result of abiotic situations (inanimate)i.e. their 
agents are Non-living in nature which causes deviation from normal growth.  
 
1.) Fruit cracking or splitting: Cracking or splitting is a common physiological disorder of 
citrus fruits which is especially related with limes and lemons. Lemons are more prone to fruit 
cracking than limes. Splitting may be radial (longitudinal) or transverse, radial being more 
common. 
Causes 

 The number of fruits affected by this malady varies from year to year. Although the 
scientist does not assign any exact cause to this malady but number of factors are responsible 
for this and the most important consideration is that it might be closely related to extreme 
fluctuation in temperature, humidity, soil moisture and fertilizer levels. Splitting is usually 
observed when growing conditions become erratic such as under water stress, hormonal 
imbalance, uneven fertilizer supply, temperature fluctuations like hot and cold nights and 
sudden rainfalls. The deficiency of boron and calcium is also found to be responsible for this. 
Control: There is no specific remedy to completely overcome fruit splitting, but heavy, losses 
can be reduced by extra attention before and during the critical periods. 

 Supply enough irrigation to ensure a continuous supply of soil moisture. 

 Use compost and slow release fertilizers to feed the trees. 

 Select cultivars that resist splitting. 

 Spray of NAA @ 100ppm and Borax 0.8% at the period of fruit growth and equally useful 
in reducing cracking of citrus fruits. 
 

        
 
2.) Fruit drop: Generally, the citrus trees bear large number of flowers and fruits, however, 
only few are carried to maturity. Not more than 7-8% of the flowers develop into mature fruits. 
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Physiological fruit drop is a serious obstacle in the development of citrus industry. The shedding 
of flowers and fruits come more or less in 3 distinct waves. 
A. First wave: It is occurs in April soon after the fruit set but before that the unfertilized 
flower drops from the trees. 
B. Second wave: It is commonly known as June drop. It occurs when the fruit is about 3-
5cm in diameter. 
C.  Third wave: Known as pre-harvest drop, this wave reduces the yield considerably. It 
occurs just before the fruit is matured and this decreases the profit of growers to large extent. 
Causes 
a) Fluctuation in temperature. 
b) Low atmospheric humidity. 
c) Soil moisture imbalance. 
d) Improper nutrition. 
e) Hormonal imbalance (particularly of auxin). 
f) Incidence of insect pest and diseases. 
g) Number of developing fruits. 
h) Number of seeds in the developing fruits. 
i) Variety and tree aspect. 
Control: Fruit drop can be controlled by maintaining appropriate soil moisture level during fruit 
development along with the application of 2, 4-D (20ppm). 
 

      
 
3.) Citrus decline: Citrus decline signifies a continuous dying of twigs, leaves may be small 
with light green inter-veinal areas with midrib and lateral veins remaining dark green. In acute 
cases the growth is usually checked. Shoots have a tendency to die from the growing points 
downwards. The cropping and quality of such trees also deteriorates seriously. 
Causes 
i.) Defective drainage: As citrus is sensitive to over moist conditions within root zone and 
thrive best on the soils that are well drained so due to high water table the citrus plantations 
start declining. 
ii.) Poor physiological conditions of the soils: This malady may be due poor soil and sub soil 
conditions as in some areas there are hard pans of CaCo3 or canker layer within 6 feet depth. 
iii.) Soil erosion: The root system is exposed to unfavorable conditions due to soil erosion, 
resulting in poor tree performance. 
iv.) Excessive salts: Salinity is another important factor resulting in injury to citrus plants. 
When excess boron and CaCo3 are present in soil, it causes deficiency of Zn and Mg. When 
these salts are present in excessive quantities in soil, tree growth is negatively affected. 
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v.) Intercropping: Judicious intercropping do not harm the main trees but farmers grow 
intercrops which are deep rooted, of long duration and are nutrient depleting. 
vi.) Nutrient deficiency 
vii.) Excessive nutrition. 
viii.) Improper irrigation Vigorous rootstock. 
Control 

 Proper drainage conditions should be provided in the orchards. 

 Maintain physiological conditions of the soil and prevent soil erosion. 

 Avoid intercropping with deep rooted, long duration and nutrient depleting crop. 

 Proper nutrition recommendations for various regions should be followed. 

 Proper irrigation schedule should be prepared and followed to avoid water stress to 
plant. 

 Avoid insects and diseases by following proper plant protection measures. 
 

        
 

4.) Puffing: When fruits are left on the trees for too long time and become over mature it 
results in the puffing of fruits in some varieties. It is mainly observed in mandarins, particularly 
in the easy peeling varieties. The condition is more prevalent on vigorous trees and can be 
associated with too much nitrogen. 
 

           
5.) Sunburn: Sunburn of fruits is worse in varieties which produce their fruit on the outside 
of the trees such as Satsuma mandarin. Sunburn is characterized by burning of fruits, leaves 
and bark which is due to direct sunlight or hot dry winds coupled with inadequate moisture 
uptake. Sunburn can be minimized by avoiding over pruning of citrus trees and painting the 
stems of young trees or exposed limbs with a whit, water based paint. 
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CONCLUSION: 
Physiological disorders are often caused by the deficiency or excess of something that supports 
life or by the presence of something that interferes with life. Factors responsible for 
physiological disorders such as relative humidity, atmospheric conditions, wind injury, chemical 
injury, physical soil problem, nutrient deficiency or excess, etc. That’s are controlled by, proper 
irrigation, pollination from amenable variety by planting such plant in orchard, proper 
application of nitrogen, keeping herbicides away from flowers, delayed pruning, balancing the 
internal nutrient, regulating temperature, the assimilation rate and the endogenous growth 
regulators can control cat-face etc. 
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Indo-Gangetic Plain is the largest unit of Great Plains of India stretching from Punjab to Kolkata 

covering states like Punjab, Haryana, Delhi, U.P., Bihar, W.B etc. Ganga is the master river after 

the name of whose this plain is named that’s why it is called as Indo-Gangetic Plains. Indo-

Gangetic Plains of India is divided in to four plains (Fig: 1) described as under- 

1. Lower Gangetic Plains- This zone consists of districts in W.B. The soils are mostly alluvial 

and are prone to flood. 

2. Middle Gangetic Plains- This zone consists of 12 districts of Eastern Uttar Pradesh and 

27 districts of Bihar plains. This zone has geographical area of 16 million hectares and 

rainfall is high. About 39% of gross cropped area is irrigated and cropping intensity is 

142. 

3. Upper Gangetic Plains- This zone consists of 32 districts of U.P. Irrigation through canals 

and tube wells are prominent in these areas. A good Potential exists for exploitation of 

ground water.  

4. Trans-Gangetic Plains- This zone consists of Punjab, Haryana, Delhi, Chandigarh and Sri 

Ganga Nagar region of Rajasthan. The major characteristics of this zone are highest net 

sown area, highest irrigated area, high cropping intensity and high ground water 

utilization. 

 
Fig 1: Indo-Gangetic Plain of India 
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1) Laser Land leveling 

For surface-irrigated areas, a properly leveled surface with the required inclination according to 

the irrigation method is absolutely essential. Traditional farmers’ methods for leveling by 

eyesight, particularly on larger plots, are not accurate enough and lead to extended irrigation 

times, unnecessary water consumption, and inefficient water use. The use of laser-guided 

equipment for the leveling of surface-irrigated fields has become economically feasible and, 

through hiring services, become accessible even to lower-income farmers. With laser leveling, 

the unevenness of the field is reduced to about ±2 cm, resulting in better water application and 

distribution efficiency, improved water productivity, better fertilizer efficiency, and reduced 

weed pressure. Water savings of up to 68% have been reported in rice (Jat et al., 2006). Laser 

land leveler consists of a laser source (transmitter) which emits a parallel laser beam to a laser 

receiver attached to a scraper bucket behind a tractor and the vertical movement of scraper 

bucket is controlled by a hydraulic jackin a control box for levelling the field. 

             Leveling by animal & tractor drawn leveler results in Poor crop stand, over irrigation and 

uneven distribution due to unevenness of the field. Laser land leveler has the following 

advantages; 

 Increase water application efficiency up to 50 % 

 Reduces labour requirement by 35% 

 Increases crop yield by 15 to 66% 

 Saving in time by 24% 

 3-4 % additional land recovery 

             An experiment was conducted by Jat and his co-worker in Modipuram, U.P. during 

2005 to enumerate the effect of precision land leveling on water use and yield of un-

puddled transplanted rice. They observed that Laser land leveling achieved significant 

higher grain yield of rice (5.8 t/ha) over traditional leveling (5.5 t/ha) which might be 

attribute due to the reason that précised laser land leveling lead to uniform distribution of 

soil moisture resulting to good germination, emergence, stand establishment, growth & 

development of  the rice hence higher yield. Highest water use efficiency (water 

productivity) found under this might be due to higher yield as well as negligible water loss 

and efficient utilization of applied water. 31.2 % more water was saved under laser leveled 

field as compared to traditional leveled one.  

2. Direct Seeded Rice (DSR) 

Paddy is generally transplanted in the first fortnight of July in puddled (wet tillage) soil, which 

leads destruction of macro pores and reduction in permeability. With direct seeding, rice seed 

is sown and sprouted directly into the field, eliminating the laborious process of planting 

seedlings by hand and greatly reducing the crop’s water requirements (Polycarpou 2010). 

Traditional paddy cultivation requires 200-250 man-hours per hectare, which are about 25 

percent of the total labour requirement for the crop production. Resource conservation by 

adopting direct seeded rice (DSR) with the help of seed-cum-fertilizer drill have the potential to 

reduce the production costs by consuming less time, labour, fuel, energy and machinery inputs. 
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Puddling breaks capillary pores, reduces void ratio, destroys soil aggregates, disperses fine clay 

particles, and lowers soil strength in the puddle layer. The destruction of soil aggregates by 

puddling leads to the formation of surface crusts and cracks on drying thereby delaying 

preparation of a seedbed for ensuring crops. Direct seeding of rice mainly done by two 

methods, dry direct seeding (DSR) and wet direct seeding (WSR). DSR practiced by seeding dry 

seeds in unsaturated soil by line sowing or broadcasting. In wet seeding, sprouted seeds of rice 

broadcasted in puddled soil. DSR seeded with a planter or a seed cum fertilizer drill have many 

advantages over conventional puddled transplanting i.e. viz. easier and timely planting, reduced 

labour burden at least 50% (Fujisaka et al. 1993, Singh et al. 1994, Pandey et al. 1995, 1998, 

Pandey and Velasco 1998), 8-10 days earlier crop maturity (helpful in timely planting of 

succeeding crop), higher water and nutrient use efficiency, efficient root system development 

that enhance drought tolerance reduced lodging problem and higher yield of succeeding upland 

crops. DSR offer certain advantage over conventional transplanting are written as under  

• Labor Saving 

• Reduce drudgery by eliminating transplanting operation 

• Water saving ranged from 12-35 % (enhance water productivity) 

• Reduce irrigation water loss through percolation loss 

• Reduce methane emissions hence maintain soil health 

• Reduce cost of cultivation as exclude use of puddling, transplanting and maintaining 

standing water 

• Increase the total income of farmer 

• Allows timely planting of wheat due to early harvest 

 

The system of rice intensification (SRI) 

         The system of rice intensification (SRI) developed in Madagascar is gaining acceptance in 

many parts of India and in three dozen other countries. SRI helps farmers achieve higher yields 

with reduced inputs: fewer seeds, less water, lower costs of production, and often less labor. 

This makes it more accessible to resource- limited farmers than Green revolution technologies 

and thus it can assist in poverty reduction as well as enhanced food security. Young seedlings 

are transplanted at 8-12 days old. Seedlings are carefully lifted from the nursery and 

transported to fields in baskets or on trays for immediate transplanting. 1-2 seedlings per hill 

are transplanted with shallow depth (1-2 cm) into soils that are not flooded. Roots are carefully 

positioned just under the soil surface to avoid trauma to the roots, thereby avoiding “transplant 

shock.” Wider spacing, with hills 20-30 cm apart, set out in a square or matrix pattern to 

facilitate moving through the field with a weeder, and to expose plants fully to the sunlight. 

Organic matter is preferred to the extent feasible but may be complemented with synthetic 

fertilizers. Combinations can be used to ensure appropriate soil: plant nutrient balance. Manual 

weeders can remove weeds and aerate the top soil at the same time. Integrated Pest 

Management (IPM) practices are encouraged. SRI plants are generally more resistant to pests 

and diseases so require less chemical protection. 

Benefits of SRI 
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 47% Yield increase 

 40% Water saving 

 23% Reduction in costs per hectare 

 68% Increased income per hectare 

SRI practices enhance the rice plants’ growing conditions by: 

 Reducing the recovery time seedlings need after transplanting 

 Reducing crowding and competition 

 Optimizing soil and water conditions 

These conditions contribute to: 

 Larger, deeper root systems 

 Enhanced photosynthetic capacity 

 More productive plants that are more resistant to climate extremes, pests and diseases 

 More grain yield. 

SRI methods require: 

 Less time before transplanting, as seedlings can be ready in 8-12 days instead of one 

month; 

 80-90% fewer seeds, due to much lower plant populations 

 Less time required for transplanting due to fewer seedlings 

 25-50% less water, as the field is not continuously flooded 

 Less cost per hectare, as there is less need for purchased seeds, synthetic fertilizers, herbicides or 

pesticides 
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INTRODUCTION 

In recent years, climate change and its variability are emerging as major challenges to 
Indian Agriculture. Agriculture is a key economic sector and major employment source in these 
regions, but currently more than 20% of the population is on average food-insecure (Wheeler 
and Braun 2013). The projections of global climate change include altered average 
temperatures, rainfall and increased extreme events (eg: Heat and cold waves, flooding), 
enhanced atmospheric carbon dioxide and ground level ozone concentration and rise in sea 
level leading to inundation of coastal areas etc. The 5th IPCC reports (AR5) clearly outlined the 
global and regional impacts of projected climate change on agriculture, water resources, 
natural ecosystems and food security (IPCC report, 2013) 

The AR5 highlighted the following: 

1. Impacts of climate change on crop yields are already evident across several regions of the 
world. Net global yields of maize and wheat will be suppressed by 4 and 5 % respectively 2050s, 
average yields for major eight major crops in south Asia will decline by 8 %. 
2. Climate change is affecting the current abundance and distribution of freshwater and marine 
fish harvest. By 2050s, while fisheries yields in high latitudes are predicted to increase by 30 to 
70 %, these will decrease in the tropics by about 40 %, primarily due to rise in sea 
temperatures. These changes will adversely impact small scale coastal fisheries in tropical 
countries. 
3. In recent years most price spikes for food have been related to climate extremes in major 
production areas. The spike hurts the poor the most as they spend more than 70% of their 
income on food. 
4. Climate change has impacts on the nutritional quality and safety of food. Elevated carbon 
dioxide levels cause decrease in protein and micronutrient contents. Further, often the 
mycotoxins levels increase from enhanced fungal infections in tropical regions. 
5. Tropical crops, livestock’s and fisheries are most affected by current climate change; regions 
of major exposure to climate change coincide with high prevalence of poverty and food 
insecurity. India and other south Asian are most vulnerable because this region has the highest 
concentration of food insecure people and undernourished children. 
6. Greater exposure to climate change mostly affected the marginal and small farmers. High 
recurrences of climate extremes such as droughts, floods, heat and cold waves exacerbate the 
vulnerability of the hungry. Intense seasonal hunger further deepens chronic hunger, 
nutritional insecurity and overall livelihood insecurity. 

Freshwater is likely to decrease in south Asia, even the most optimistic studies indicate 
that agriculture, in India and south Asia will be hardly hit by water stress by 2025. As a whole 
south Asia is projected to suffer from climate volatilities, India is projected to suffer from the 
most in the world in terms of loss of agricultural productivity (Table 1) 
Crop models indicate that average yields in 2050 may decline by about 50 percent for wheat, 17 
% percent for rice, and about 6 percent for maize, from their 2000 levels. The Indo-Gangetic 
plain, which produces one-fifth of the world’s wheat, is likely to be especially adversely 
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impacted. This alone could threaten the food security of 200 million people. Globally, over 11.4 
billion will be affected by the increasing frequency of drought and decreasing precipitation. 
According to IFPRI (International Food Policy Research Institute) study an increase of between 
8.5 and 10.3 percent is expected in the number of malnourished children in all developing 
countries, relative to scenarios of perfect climate change mitigation (Nelson et al, 2010), an 
increase of between 8.5 and 10.3 percent is expected in the number of malnourished children 
in all developing countries, relative to scenarios of perfect climate change mitigation. 

Annual temperatures have changed (risen) more rapidly in recent years. Excessive and untimely 
rains, hailstorms and strong winds in recent years have caused 15 to 50 percent crop losses in 
several states of the country and exacerbated livelihood security of millions of small and 
marginal farmers. Increased chances of El Nino, coupled with the global warming, will create 
serious disturbances in rainfall patterns. Such uncertainties have intensified in recent decades 
and seek priority attention of all stakeholders and development partners. 

  

NASA Fig 1: Past and Current climate change: Temperature 

Mean temperatures have increased about 1℃ in the last century. 
Annual temperatures have changed more rapidly in recent years 

 

Table 1: projected changes in agricultural productivity from climate change at 20250 

Country % change 

Australia -17 

Canada -1 

United states -4 

China  -4 

India -25 

Brazil -10 

European union  -4 

Least developed countries -18 

The UN conferences on sustainable Development, the first one in June 1992 in Rio and the 
second one 20 Years later, Rio+20 in 2012 June, again in Rio, as enumerated in the SDGs, had 
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emphasized that the humanity will face threats to water, food biodiversity and other critical 
resources which will continually intensify economic, ecological and social crises under the fast 
changing climate. These have emphasized Green economy for improved human well being and 
social equity, while significantly reducing environmental risks and ecological scarcities. FAO 
(2012) has emphasized that Green or climate smart Agriculture (CSA) is needed for achieving 
Green Economy and suggested the following steps: 

1. To assess the current situation, defining the base line (business as usual) and alternative 
development pathways. 
2. Understand barriers to adoption of CSA and germplasm conservation practices which may 
include technological, institutional, financial services and market constraints. 
3. Collect information on existing and expected social, economic and environmental 
development settings as assessed through deploying effective and realistic indicators. 
4. Assess efficacy of various CSA practices and strengthen noth autonomus adaptation and 
adaptation to abnormal weather fluctuations and to extreme variations, and enrich insurance 
products and provisions. 
5. Define coherent policies (technical, institutional and economic) and provisions and policy 
levers for adoption of cost effective adaption and mitigation measures such as community gene 
banks and in situ conservation and farmer’s participatory breeding. 
6. Guide investment based on cost benefit analyses of various adaptation and mitigation 
practices, including adoption of climate resilient crop varieties and the trade offs. 

The climate smart agriculture movements should be rooted in climate smart villages. Such 
villages could be created only by ensuring them to be congruently water smart, energy smart, 
carbon smart, nitrogen smart, weather smart and knowledge smart. Under the Saansad Model 
Village initiative of the Govt, each Member of Parliament (MP) may develop at least one climate 
smart village. 
The approach must be to create rich and dynamic knowledge domains to produce more from 
less. This is very much in line with FAO; s call “save and Grow”, and one can often substitute 
knowledge for purchased inputs. In this context, selecting the most appropriate variety, the 
land races, changing land –use practices such as the location of crop and livestock production, 
crop rotation, especially inclusion of legumes in the rotation, sequence and duration, rotating 
or shifting production between crops and livestock, and altering the intensity of inputs use can 
help increase productivity and at the same time reduce risks from climate change in farm 
production. In this direction, the National Innovation on Climate Change Resilient Agriculture 
(NICRA) project of India, encompassing (i) Strategic research to address long term climate 
change, (ii) demonstration of innovative and risk management technology in different parts of 
the country, (iii) funding competitive research and (iv) capacity building of different stake 
holders for greater awareness and community action, is an exemplary step and deserves 
continued support. 

Adaptation and mitigation measures must be seen as two mutually reinforcing pillars of 
climate smart agriculture and adaptation- led mitigation should be the way ahead. Moreover, 
climate is ever-changing, hence one time adaption response is not enough, and the adaptive 
capacity should continually be improved. India’s agriculture, agroecologically diverse as it is, 
should be assessed for its carbon, methane, and N footprints across agro ecologies and 
differentiated adaptation mitigation plans should be prepared. In particular, dynamic relations 
of rice ecologies and livestock farming in context of GHG (Green House gas) emissions should 
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be analyzed. Genetic restructuring, altered agronomic practices, diversification , integrated 
cropping and farming systems, and efficient use of biodiversity and other natural resources 
should meet (farm level) as well as macro level situations. 

Risk profiles of CSA practices should be understood to be prepared to reduce the vulnerability 
of farmers to climate risk. New studies undertaken by the south Asian programme of the CCAFS 
of the CGIAR has recently come up with improved weather –based crop insurance which offers 
triple wins: a) reduced premium rate, (b) expanded, most effective and timely disbursement 
and c) savings for the Govt. in terms of reduced subsidy , hence lesser load to the exchequer. 
This product is based on scientific knowledge and is a win –win situation for all the 
stakeholders-farmers, industry as well as the Government. In the rainy season in 2015 alone, 
more than 1 million farmers in Maharashtra had used it. This new product should be widely 
piloted and linked with the Prime Ministers Jan Dhan Yojana. 

CONCLUSION: 
Efficacies of different policies related to climate resilient agriculture and effectiveness of 

their implementation should be critically assesses. Policies such as those on Agriculture, 
biosecurity, Bio diversity, Disaster Management, Food security, water, land etc. should be 
synergistically converged at different levels, particularly at the grass roots such as at the level of 
the climate –smart villages. Institutional adjustments and interministral convergence are 
needed to ensure judicious implementation. Development of climate smart agriculture and 
germplasm conservation should be mainstreamed in to the national policy with suitable 
investment and financing provisions. 
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ABSTRACT 

The agarwood tree is a multipurpose tree species (MPTs), being exploited mainly for ethno-
medicinal, ethno-botanical as well as pharmaceutical uses. The leading market demand had led 
to over exploitation of natural population of this species. Due to over exploitation, the species 
became critically endangered and vulnerable under IUCN red list. Hence, to meet the demand 
and to reduce the pressure on the forest and at the same time to conserve the species from 
being extinct, suitable agroforestry systems and silvicultural measures are to be developed. 
However, few farmers in India were already cultivating agarwood tree in a solitary or in 
integration with other crops like Tea, Patchouli (Pogostemon cablin), Sarpagandha (Rouvolfia 
serpentine), Jatropha, Pepper (Piper longum), Pineapple, Turmeric, Arecanut and with other 
agricultural crops. Introducing this agar tree with other crops had given additionally huge 
returns to them. Many literatures revealed that, the integration of agarwood with tea crop can 
contribute a good amount of subsidiary income up to 45% of the total annual income of the 
family, which is even higher than the reported 7% average annual gross income per household 
in Upper Assam. This means, the agarwood plantation has the potential to improve the 
livelihood of the rural communities or the growers to a greater extent. Furthermore, the good 
pollarding and coppicing capacity of agar tree has made it suitable to fit in agroforestry. Many 
researchers had even recommended the agarwood tree as a component in agroforestry 
systems. Hence, agarwood based agroforestry systems can be a viable option to the growers for 
improving their livelihood.  
 

INTRODUCTION 

The agarwood tree (Aquilaria malaccensis Lam.), also called as A. agallocha and A. secundaria), 
commonly known as Sasi, Sanchi, Agaru (Assamese); Agar or Agaru (Bengali); Agarwood, 
Malayan Aloe Wood, Malayan Eagle Wood (English); Agaru (Sanskrit), belongs to family 
Thymelaeaceae, is a fast-growing tropical evergreen tree (Chakrabarty et al., 1994; Haridasan 
and Bhuyan, 2016) and is highly priced for its resin or agarwood (Saikia and Khan, 2014a & b). 
This tree grows well over sandy loam and slightly acidic soil in high humid sub-tropical climate 
with rainfall 1800 - 3500 mm per annum at an altitude up to 1200 m above the sea level; and 
requires a good amount of sunlight with temperature variations between 20ºC to 28ºC and 
relative humidity around 80% (Uddin et al., 2008; Kalita et al., 2015).  

The genus “Aquilaria” is distributed in evergreen rainforest of tropical and sub-tropical 
region of South East Asia (Barden et al., 2000). But among all the Aquilaria species, the tree A. 
malaccensis Lam. is the principal source of agarwood and among very few species of tropical 
trees that is valued for most highly priced forest products currently traded internationally. The 
basic chromosome number of the different genera of this family have been reported to be x=8 
and 9 (Malla et al., 1977). But, the species, A. malaccensis had the chromosome counts of n=8 
and 2n=16. The karyotype is symmetric with 5 metacentric pairs and 3 sub-metacentric pairs 
one of which had secondary constriction but no meiotic irregularities were reported (Debnath 
et al., 1995). 
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Presently, there are 21 recognized Aquilaria species recorded, of which 13 are 
reportedly fragrant resin producers and the remaining eight Aquilaria species is yet to be 
investigated (Lee and Mohamed, 2016; Talucder et al., 2016). In Asia, 15 species of agarwood 
i.e., A. apiculata, A. baillonii, A. banaense, A. beccariana, A. brachyantha, A. cumingiana, A. 
filaria, A. hirta, A. khasiana, A. malaccensis, A. microcarpa, A. rostrata, A. sinensis, A. subintegra 
and A. crassna are known to produce essential oils (Sulaiman et al., 2015) and only 11 species 
of agarwood viz., A. malaccensis, A. crassna, A. subintegra, A. hirta, A.rostrata, A. beccariana, A. 
filaria, A. khasiana, A.microcarpa, A. grandiflora and A. sinensis were reported as the 
domesticated species (Zuhaidi, 2016). India is the home of three Aquilaria species which are 
widely distributed in Eastern Himalaya region especially in north east India. Chakrabarty et al. 
(1994) reported the species A. malaccensis as a native to Arunachal Pradesh, Assam, West 
Bengal, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim and Tripura; as well as West Bengal 
(Barden et al., 2000). The species, A. malaccensis Lam. and A. khasiana Hall. are found in the 
evergreen rain forest of north eastern states of India (Chakrabarty et al., 1994) whereas, the 
third species, i.e., A. macrophylla Miq. is found in the Nicobar Islands (Giri, 2003).  

Chakrabarty et al. (1994) documented the India’s trade of agarwood especially in 
northeast India and concluded that A. malaccensis is highly threatened in the country due to 
over exploitation of the species for commercial purposes. Among those three species, the A. 
malaccensis is considered as one of the most precious tree species found distributed sparsely in 
the rain forest of north east India (Barden et al., 2000). But, the species, A. malaccensis has 
been reported sporadically from different sites of Tropical semi-evergreen forests of the foothill 
areas of Kameng, Lower Subansiri, Siang, Changlang, Lohit and Tirap districts with normal forest 
density of 0.73% to 0.77% under natural habitat of Arunachal Pradesh and Assam (Chakrabarty 
et al., 1994; Tabin et al., 2009). In Assam, this species has been reported to occur frequently as 
homestead or large scale plantations in the districts of Sibsagar, Sadiya, Nagaon, Darrang, 
Goalpara and Cachar (Atal and Kapoor, 1982). Earlier, wild population of this species was 
reported from plains and few places in Barak valley of Darrang, Nagoan, North Cachar, and 
Sivasagar districts (Chakrabarty et al., 1994). There are large commercial plantations of A. 
malaccensis in the Hojai town of Assam and it’s out skirt foot hill terrains (Barden et al., 2000). 
A hundreds of home gardens at Golaghat district of Assam are confined mainly to grow A. 
malaccansis for agar trade (Ahmad and Gogoi, 2000). 

Over exploitation of agarwood tree has resulted into insertion of this species in 
Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna and 
Flora (CITES, 1994). The species is thus red listed under International Union for Conservation of 
Nature (IUCN) and also classified as ‘Vulnerable’ globally but ‘Critically Endangered’ in India 
(IUCN, 2009) and almost ‘Extinct in wild’ in Assam (Saikia and Khan, 2012).  

Importance of agarwood tree 

This species (A. malaccensis) had got importance in the foreign markets and the trade; and 
India was the main source of agarwood during that period since 600 A.D. (Chakrabarty et al., 
1994). The trade in agar-based products was growing rapidly in the world due to their recent 
adoption as an ingredient in the cosmetics and pharmaceuticals sector. Agarwood, the most 
exalted perfumery and fragrance raw materials obtained from the infected wood of agarwood 
tree due to association of borer insect (like Zeuzera conferta Walker) on agarwood formation, is 
considered as the myth of perfumery world (Kalita et al., 2015).  
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Apart from the perfumery and fragrance value, agar and agar oil are widely used in 
preparations of various cosmetic products and in Ayurvedic medicines. Although, many efforts 
had been made to artificially inoculate the fungi in the tree for getting infection (Chakrabarty et 
al., 1994; Barden et al., 2000), but the quality of agar produced from artificial inoculation was 
not at par with the naturally occurring agar (Kalita et al., 2015). Moreover, both agarwood 
smoke and oil are customarily used as perfume in the Middle East which had been highly prized 
by European perfumers in the mid-1990s (Chakrabarty et al., 1994). 

Considering the above all facts and usefulness of this species, the people had started 
indiscriminately growing this species in their home garden in the state of Assam (Saikia and 
Khan, 2014b). Even few people from many north eastern states viz., Tripura, Assam and 
Meghalaya had started commercially growing this species in the form of block plantation and 
few were seen to grow along with cash crops like Tea plantation. The species is largely 
cultivated with community participation, especially in Lohit and Changlang districts in Arunachal 
Pradesh, Dimapur in Nagaland, Garo hills in Meghalaya, Agartala in Tripura, Upper Assam in 
Assam etc. (Haridasan and Bhuyan, 2016).    

 
Fig. 1: Agarwood tree and it’s flower, fruit and seed 

 

Agarwood based agroforestry systems 

In general, integrating any woody perennials with agricultural crops and/or pastures is known 

as agroforestry system and is known to be economically and environmentally sound and 

sustainable system than many other agricultural practices (Sarkar et al., 2017a, b & c; Das et al., 

2017; Das et al., 2019; Sarkar et al., 2019; Singh et al., 2019). In all the states of this region, the 

economy is mainly of agriculture based. Forest and agriculture are the major sources of 

livelihood for rural communities of north eastern states of India. Among all the resources, 

agarwood tree and it’s product business is the one through which a great amount of return is 

possible. Following are some of the agarwood based agroforestry systems being described 

hereunder: 

 

a. Homegarden 

Homegardens are prominent land use systems of Northeastern region of India. Though, the 

crops like rice (Oryza sativa L.), sugarcane (Saccharum officinarum L.) and tea (Camellia sinensis 
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(L.) O. Kuntze) are the major crops of the region, but inclusion of agarwood tree as a 

component in homegarden had led to greater returns; and hence, the species has become an 

important plantation crop of Upper Assam (Saikia and Khan, 2012). They also reported that, 

two distinct morphs of agarwood/Agaru (Bhola Sanchi and Jati Sanchi) are cultivated in 

homegardens of upper Assam. But, the variant “Jati Sanchi” is a slow growing but high 

agarwood yielding and preferred for commercial cultivation. Because of the high economic 

potential, attempts are now being made to cultivate it adjoining areas of Assam in Northeast 

India and other parts around the world (Saikia and Khan, 2014a). In their studies, they reported 

tree density of agarwood ranged from 260 to 7913 (individuals ha−1) in different homegardens 

of upper Assam with an average of 1466 (individuals ha−1), which contributes 34% of the total 

tree density and 20% of the total annual income of the dependent family (Saikia and Khan, 

2014b).  

 

b. Plantation as cash crops 

The agarwood and tea are the most commonly cultivated cash crops, found in 100% and 30% of 

the studied homegardens respectively in upper Assam (Saikia and Khan, 2011).  They also 

reported that, homegarden products including agar and tea contributed a good amount of 

subsidiary income up to 45% (with a mean of 14% ±1.15) of the total annual income of the 

family, which is higher than the reported 7% average annual gross income per household of 

Meghalaya, Northeast India (Tynsong and Tiwari, 2011).  

 

c. Block plantation 

In many of places in Bangladesh, monoculture and block plantation of agar tree are very 

common (Rahman et al., 2015). But, there is hardly any information available regarding the 

block plantation (monoculture) in Northeast of India, even though few block plantations are 

seen to exist in the state like Tripura.  

 

d. Boundary plantation 

Ha and Nghi (2011) reported that, agarwood tree is suitable for growing on field boundaries 

and even on borders of gardens, school compounds, office compounds, parks and residential 

sites. Besides, agarwood tree has been successfully grown for strip planting along banks of 

ponds, tanks, canals and roads. In hilly areas / tillas, it can be planted on poor soils on hill slopes 

and tilla tops which can help in reducing soil erosion and land sliding (Shinde et al., 2019) 

caused by rushing water during rainy season (Ha and Nghi, 2011). Similar type of plantation can 

also be followed in this region. 

 

 

e. Agarwood tree based agroforestry systems 

The agarwood tree was reported to be intercropped with cassava, sweet potato and oil palm in 

agroforestry systems in other countries like North central Viet Nam (Ha and Nghi, 2011). Even, 

this tree can also be intercropped with acacia, upland rice and pineapple. In Viet Nam, the agar 
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tree is used to integrate with fruit trees in their home and forest gardens (Ha and Nghi, 2011). 

In asian countries, the same tree can be intercropped with a combination of agricultural crops 

and fruit trees such as upland rice, cassava, beans, sweetpotato, yam, banana, pineapple, 

jackfruit and many more (Talucder et al., 2016). Blanchette et al. (2015) reported that Aquilaria 

has been grown with rubber, teak, banana and even oil palm in Southeast Asia. 

In Northeastern region of India, Gera and Bhojvaid (2013) reported that, Patchouli based 

agarwood agroforestry model can be a promising system. Kunio and Lahjie (2015) reported that 

the future of forest industry would be better diverted to the non timber forest products by 

cultivating vanilla and agarwood with agroforestry system. Agar tree could successfully be 

introduced in Social Forestry and also in Afforestation Programme (Anon., 2004). Even, 

agarwood can be grown as a shade tree in tea plantation (Blanchette et al., 2015). Borah et al. 

(2014) also reported that, this species has been identified as an potential agroforestry species 

in homestead plantations as well as in communities lands in combination with Patchouli 

(Pogostemon cablin), sarpagandha (Rouvolfia serpentine), Jatropha, pepper (Piper longum), 

pineapple, tea, turmeric, arecanut and with other agricultural crops. 

 

CONCLUSION 

The garwood tree (Aquilaria malaccensis) is mainly exploited for multiple uses viz., traditional 

medicine, cosmetic industries as well as uses in pharmaceutical industries. Due to it’s high 

demand in the current trade and business, the natural population of this species got over 

exploited and the species became critically endangered and vulnerable under IUCN red list. 

Hence, sustainable agricultural and forestry practices are necessary for the further 

development and utilization of agarwood. Hence to meet the demand and to reduce the 

pressure on the forest, the farmers had started cultivating agarwood tree in a solitary or in 

integration with other crops. This ultimately led to a potential ex situ reservoir for the future 

conservation and management of this threatened tree. This tree is one such promising 

component for diversified agroforestry systems of this region due to its favorable climatic and 

edaphic conditions. It was also revealed that, the integration of agarwood with tea crop can 

contribute a good amount of subsidiary income up to 45% of the total annual income of the 

family, which is higher than the reported 7% average annual gross income per household in 

Upper Assam. This means, the agarwood plantation has the potential to improve the livelihood 

of the rural communities or the growers to a greater extent. Furthermore, the good pollarding 

and coppicing capacity of agar tree has made it suitable to fit in agroforestry. Many researchers 

had even recommended the agarwood tree as a component in agroforestry systems, which can 

be a viable option for improving livelihood.  

 

 

REFERENCES 

[1]. Ahmed, M. and Gogoi, P. (2000). Agar- History and Scope of Plantation, A perspective. All 

Assam Agar Traders and Manufacturers Association, Hojai, Assam, India. 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

145 
 
 

[2]. Anon. (2004). Agar Plantation. In: Hand Book on Medicinal and Aromatic Plants, Ahmed, 

M., eds. North Eastern Development Finance Corporation Limited, Guwahati, Assam, pp. 

39-48. 

[3]. Atal, C.K. and Kapoor, B.M. (1982). Cultivation and utilization of Aromatic Plants. RRL, 

CSIR, Jammu-Tawi, India. 

[4]. Barden, A., Anak, N.A., Mulliken, T. and Song, M. (2000). Report, TRAFFIC International, 

Cambridge, 2000. 

[5]. Blanchette, R.A., Jurgens, J.A. and Beek, H.H.V. (2015). Growing Aquilaria and Production 

of Agarwood in Hill Agro-ecosystems. In: Integrated Land Use Management in the 

Eastern Himalayas, Eckman, K. and Ralte, L., eds. Akansha Publishing House, Delhi, pp. 

66-82. 

[6]. Borah, R.K., Neog, M. and Das, P. (2014). Aquilaria malaccensis plantation as a livelihood 

security in North East India. In: Proceedings of the international conference on Forests, 

Soil and Rural Lielihoods in a changing climate, Kathmandu, Nepal, 27-30 September, 

2014. pp. 65-71. 

[7]. Chakrabarty, K., Kumar, A. and Menon, V. (1994). Trade in Agarwood. New Delhi: Traffic 

India and WWF-India, p. 51. 

[8]. CITES. (1994). Resolution of the Conference of the Parties, Ninth meeting of the 

Conference of the Parties, 1994 Nov. 7-18, Fort Lauderdale, USA. 

[9]. Das, B., Dhakar, M.K., Sarkar, P.K., Kumar, S., Nath, V., Dey, P., Singh, A.K. and Bhatt, B.P. 

(2017). Performance of mango (Mangifera indica) based agri-horticultural systems under 

rainfed plateau conditions of eastern India. Indian Journal of Agricultural Sciences 87(4): 

521-527. 

[10]. Das, B., Sarkar, P.K., Kumari, N., Dey, P., Singh, A.K. and Bhatt, B.P. (2019). Biophysical 

performance of different multipurpose trees species in Jharkhand, India. Current Science, 

116(1): 82-88. 

[11]. Debnath, B., Sil, S., Sinha, R.K. and Sinha, S. (1995). Chromosome Number and Karyotype 

of Aquilaria agallocha Roxb. (Thymelaeaceae). Cytologia, 60: 407-409. 

[12]. Gera, N. and Bhojvaid, P.P. (2013). Promoting livelihood and economic growth through 

Agroforestry. ICFRE endeavours. Indian J. Agrofor., 15(2): 85-99. 

[13]. Giri, G.S. (2003). Review of significant trade in Aquilaria malaccensis. In: Agarwood: trade 

and CITES implementation in Southeast Asia. Unpublished report prepared for TRAFFIC 

Southeast Asia, Malaysia. 

[14]. Ha, Q.H. and Nghi, H.T. (2011). Promoting agarwood-based agroforestry systems in north 

central provinces of Viet Nam. APANews, Asia-Pacific Agroforestry Newsletter, No. 38, 

July 2011, pp.10-12. 

[15]. Haridasan, K. and Bhuyan, L.R. (2016). Ethnobotancial observations on bioresource 

management in Northeast India. J. Traditional and Folk Practices, 02, 03, 04(1): 18-32. 

[16]. IUCN. (2009). Asian Regional Workshop (Conservation & Sustainable Management of 

Trees, Viet Nam) 1998, Aquilaria malaccensis. In: IUCN 2009, IUCN Red List of Threatened 

Species, Version 2009.2. Available from: www.iucnredlist.org. 

http://www.iucnredlist.org/


AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

146 
 
 

[17]. Kalita, J., Bhattacharyya, P.R., Deka, H.P., Unni, B.G., Lekhak, H. and Nath, S.C. (2015). 

Association of Zeuzera conferta Walker on agarwood formation in Aquilaria malaccensis 

Lam.. Asian Journal of Plant Science and Research, 5(1): 4-9. 

[18]. Kunio, K. and Lahjie, A.M. (2015). Agroforestry Management with Vanilla and Agarwood 

in East Kalimantan. J. Econ. Sus. Dev., 6(4): 12-17. 

[19]. Lee, S.Y. and Mohamed, R. (2016). The origin and domestication of Aquilaria, an 

important agarwood-producing genus. In: Agarwood: Science Behind the Fragrance, Rozi, 

M., eds. Springer, pp. 1-20. 

[20]. Malla, S.B., Bhattari, S., Gorkhali, M. and Saiju, H. (1977). In IOPB chromosome number 

reports LVII. Taxon, 26: 443-452. 

[21]. Rahman, M., Nath, N.M., Sarker, S., Adnan, M. and Islam, M. (2015). Management and 

Economic Aspects of Growing Aquilaria agallocha Roxb. in Bangladesh. Small-scale 

Forestry, 14(4): 459-478. 

[22]. Saikia, P. and Khan, M.L. (2011). Agar (Aquilaria malaccensis Lam.): a promising crop in 

the homegardens of Upper Assam, Northeastern India. Journal of Tropical Agriculture, 

50: 8-14. 

[23]. Saikia, P. and Khan, M.L. (2012). Agar (Aquilaria malaccensis Lam.): a promising crop in 

the homegardens of Upper Assam, northeastern India. Journal of Tropical Agriculture, 

50(1-2): 8-14. 

[24]. Saikia, P. and Khan, M.L. (2014a). Homegardens of upper Assam, northeast India: a 

typical example of on farm conservation of Agarwood (Aquilaria malaccensis Lam.). 

International Journal of Biodiversity Science, Ecosystem Services & Management, 10(4): 

262-269.  

[25]. Saikia, P. and Khan, M.L. (2014b). Ecological features of cultivated stands of Aquilaria 

malaccensis Lam. (Thymelaeaceae), a vulnerable tropical tree species in Assamese 

homegardens. International Journal of Forestry Research, pp.1-16. 

http://dx.doi.org/10.1155/ 2014/140926. 

[26]. Sarkar, P.K., Bishnoi, S.K., Shinde, R. and Das, B. (2017a). Prevalent agroforestry systems 

of Jharkhand state of India: A livelihood option. Rashtriya Krishi, 12(1): 87-89. 

[27]. Sarkar, P.K., Bishnoi, S.K., Shinde, R. and Das, B. (2017b). Improvement in agroforestry 

system. Indian Farming, 67(7): 19-20. 

[28]. Sarkar, P.K., Das, B. and Bhatt, B.P. (2017c). Bakain (Melia azedarach L.): a promising 

agroforestry species for improving livelihood to farmers of Eastern plateau and hill region 

of India. The Bioscan, 12(2): 1095-1100. 

[29]. Sarkar, P.K., Dhakar, M.K., Mali, S.S., Shinde, R., Das, B., Naik, S.K. and Bhatt, B.P. (2019). 

Rehabilitation prospects and opportunities for coal mine affected areas of eastern india. 

Agriculture & Food: e-Newsletter, 1(4): 201-204. 

[30]. Shinde, R., Sarkar, P.K., Thombare, N. and Naik, S.K. (2019). Soil conservation: Today’s 

need for sustainable development. Agriculture & Food: e-Newsletter, 1(5): 175-183. 

[31]. Singh, R., Dev, I., Tewari, R.K., Rizvi, R.H., Garg, K.K., Singh, A.K., Dwivedi, R.P., Sridhar, 

K.B., Singh, M., Kumar, D., Sarkar, P.K. and Chaturvedi, O.P. (2019). Improved livelihood 

http://dx.doi.org/10.1155/%202014/140926


AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

147 
 
 

and eco-system services through agroforestry based watershed interventions in 

Bundelkhand region of Central India. In: Agroforestry for climate resilience and rural 

livelihood, Dev, I., Ram, A., Kumar, N., Singh, R., Kumar, D., Uthappa, A.R., Handa, A.K. 

and Chaturvedi, O.P. (eds.). Scientific Publishers, pp. 241-250. 

[32]. Sulaiman, N., Idayu, M., Ramlan, A.Z., Fashya, M., Farahiyah, M., Mailina, J. and Nor Azah, 

M.A. (2015). Effects of extraction methods on yield and chemical compounds of Gaharu 

(Aquilaria malaccensis). Journal of Tropical Forest Science, 27(3): 413-419.  

[33]. Tabin, T., Arunachalam, A., Shrivastava, K. and Arunachalam, K. (2009). Effect of 

arbuscular mycorrhizal fungi on damping-off disease in Aquilaria agallocha Roxb. 

Seedlings. Tropical Ecology, 50(2): 243-248. 

[34]. Talucder, M.S.A., Haque, M.M. and Saha, D. (2016). Development of agar (Aquilaria 

malaccensis) cultivation, propagation technique and its potentiality as agroforestry 

component in Bangladesh: a review. J. Sylhet Agril. Univ., 3(2): 149-157. 

[35]. Tynsong, H. and Tiwari, B.K. (2010). plant diversity in the homegardens and their 

significance in the livelihoods of War Khasi Community of Meghalaya, North-east India. J. 

Biodiversity, 1(1): 1-11. 

[36]. Uddin, M.S., Mukul, S.A., Khan, M.A.S.A., Alamgir, M., Harun, M.Y. and Alam, M.S. (2008). 

Small-scale agar (Aquilaria agallocha Roxb.) based cottage enterprises in Maulvibazar 

district of Bangladesh: production, marketing and potential contribution to rural 

development. Small-scale For., 7: 139-149. 

[37]. Zuhaidi, A. (2016). Growth and management of Aquilaria malaccensis for agarwood- a 

new domestication perspective. International Journal of Agriculture, Forestry and 

Plantation, 3: 55-60.  

 

 

 

 

 

 

 

 

 

Biofertilizers in vegetable production 
Article id: 11244 

Dodla Rajashekar Reddy 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

148 
 
 

Department of Vegetable Science, College of Horticulture, SKLTSHU, Rajendranagar, 
Hyderabad-500030, Telangana, India. 

1. INTRODUCTION: 

                Agriculture production was enhanced in the last five decades with the extensive use of 
fertilizers, improved seeds, irrigation water, and plant protection chemicals. But increased crop 
productivity over the years has accelerated the removal of plant nutrients, four times during 
the last four decades, putting fourfold pressure on the soil resources. The replenishment of 
nutrients lost by crop removal through the use of chemical inputs is not considered advisable as 
their use on a long run has been found to decelerate the biological activities in the soil causing 
impaired soil health. Of late, there is an increasing awareness in favour of adopting biological 
routes of soil fertility management for preventing soil degradation and for sustaining crop 
production. Use of bio fertilizers is one of the most appropriate biological routes to do so. 
 

BIOFERTILIZERS  

                These are the substances which contains living microorganisms which colonizes the 

rhizosphere or the interior of the plant and promotes growth by increasing the supply or 

availability of nutrients to the target crop, when applied to seed, plant surfaces or soil. 

Mechanism of action of biofertilizers 

1. Biofertilizers fix atmospheric nitrogen in the soil and and root nodules of legume crops 
and makes them available to the plants. 

2. They solubilise the insoluble forms of phosphate like tricalcium, iron, and almunium 
phosphates into available forms. 

3. They scavenge phosphates from soil layers. 
4. They produce hormones and anti‐metabolites which promote root growth. 
5. They decompose organic matter and help in mineralization of soil. 

Advantages of bio fertilizers  

 Cut down the use of chemical fertilizers and there by maintain soil health 

 Minimize environmental pollution  

 Losses of biofertilizers are negligible unlike chemical fertilizers where the losses occur 
due to leaching or denitrification etc., 

 They are Cost effective 

 Provide protection against some soil borne diseases either by competition or by 
antagonism. 

 Increases the crop yield by 20-30%  

 Improve the quality of produce 

Production of bio fertilizers 

It includes following steps 
I. Isolation and multiplication of microorganisms 
II. Preparation of carrier material and mixing the carrier and broth culture 
III. Preparation of inoculants packets 

I). Isolation and multiplication of microorganisms 

Bacterial cultures of suitable strain must be isolated. Isolated cultures were subculture into 

nutrient broth. The cultures were grown under shaking condition at 30±2°c. The culture 
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incubated until it reaches maximum cell population. Under optimum condition this population 

level could be attained within 4-5 days for Rhizobium, 5-7 days for Azospirillum, 6-7 days for 

Azotobacter. The culture obtained in the flask is called starter culture. For large scale 

production, inoculum from starter culture is transferred in to large flasks/fermentor and grown 

until required level of cell count is reached 

II). Preparation of carrier material and mixing the carrier and broth culture 

Carrier material provides carbon source to microorganisms. The use of ideal carrier material is 

necessary for the production of good quality biofetilizers 

Ideal carrier material should be 

1. Cheaper in cost 

2. Locally available 

3. Contain high organic matter 

4. Do not contain any toxic materials 

5. Water holding capacity should be more than 50% 

Peat soil, lignite, vermiculite, charcoal, press mud, farmyard manure soil mixture are generally 

used as carrier materials. The carrier material (peat or lignite) is powdered to a fine powder so 

as to pass through 212 micron sieve. The pH of the carrier material is neutralized with the help 

of calcium carbonate (1:10), since the peat/lignite are acidic in nature. The neutralized carrier 

material is sterilized in an autoclave to eliminate the contaminants.  

III). Preparation of inoculants packet 

Sterilized carrier material is spread in a clean, dry, sterile metallic or plastic tray. The bacterial 

culture drawn from the fermentor is added to the sterilized carrier and mixed well. Curing 

should be done by spreading the inoculants on a clean floor/polythene sheet/trays with 

polythene covering for 2-3 days at room temperature. The inoculants of 200 g is packed into 

polythene bags and sealed with electric sealer.  
 

Methods of application of bio fertilizers  

There are four methods for application of bio fertilizers 

1. Seed treatment 

2. Set treatment 

3. Seedling treatment 

4. Soil treatment 

1). Seed treatment: This method is especially used for directly sown crops like legumes. One 

packet (200 g) is sufficient to treat 10-12 kg seed. On this basis the dose of fertilizer per acre 

can be worked out, based on the seed rate. 

Method: 

Keep the seeds required for sowing one acre in a heap on a clean cemented floor or gunny bag. 

Prepare culture suspension by mixing 1 packet (200 g) biofertilizer in 400 ml water (1:2). 
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Sprinkle the culture suspension on the heap of the seeds and mix by hand so that thin coating is 

uniformly applied to the seeds. Spread the seeds under shade for drying and then sow. 

2). Set treatment 

This method is recommended for vegetatively propagated crops like potato, sweet potato, 

colacasia etc. 

Method: 

Prepare culture suspension by mixing 1kg (5 packets) of biofertilizer in 40-50 litres of water 

(1:50). The cut pieces of planting material required for sowing one acre are kept immersed in 

the suspension for 30 minutes. Bring out the cut pieces and dry them in shade for some time 

before planting, after planting, the field is irrigated within 24 hours 

3). Seedling treatment 

This method is recommended for transplanted crops like tomato, chilli, onion, cabbage, 

cauliflower etc. 

Method: 

Prepare the suspension by mixing 1 kg (5 packets) biofertilizer culture in 10-15 litres of water 

(1:10). Get the seedlings required for one acre and make small bundles of seedlings. Dip the 

root portion of these seedlings in this suspension for 15-30 minutes and transplant 

immediately. 

4). Soil application: 

This method vary crop to crop depending on it’s duration. Generally for short duration crops  

(less than 6 months), 10- 15 packets ( each of 200 g) are mixed with 40-69 kg of well 

decomposed manure or with 40-60 kg of soil for one acre of land. For long duration crop 20-30 

packets of biofertlizer is mixed with 80-120 kg cattle manure or soil per acre. 

 

Classification of biofertilizers: 

1. Nitrogen fixing microorganisms 
A. Symbiotic  

a. Rhizobium  
b. Azolla 

B. Associative symbiotic 
a. Azospirillum  

C. Non symbiotic 
a. Azotobacter 
b. Blue green algae 

2. Phosphate mobilizing microorganisms 
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A. phosphate solubilizers 
a. Bacteria: Bacillus, Pseudomonas 
b. Fungi: Aspergillus, Penicillium 

B. Phosphate absorbers 
a. Vesicular arbuscular mycorrhizae 

3. Organic matter decomposers 
A. Cellulolytic 

a. Cellulomonas  
B. Lignolytic  

a. Anthrobacter  

1). Nitrogen fixing microorganisms 

Microorganism  Contribution  Application method Beneficiary crops  

Rhizobium  Fixes 30-50 kg N/ha 
Leaves residual nitrogen 
Increases yield by 10-30% 
Increases soil fertility 

Seed treatment (20-25 
g/kg seed) 
Soil application  
 

All leguminous 
vegetables 

Azotobacter  Supplies 20-40 mg N/g of 
carbon source 
Promotion of growth 
substances like vitamin B, IAA 
and Gibberellic acid. 
10-15%increase in yield. 
Suppresses plant pathogens 
 

Seed treatment 
Set treatment 
Seedling dip 
Soil application  
 

Tomato,lady finger, 
chilli, brinjal, 
banana,papaya, 
grapes,watermelon, 
coconut, mustard, 
sugarcane, flower 
and plantation crops  
 

Azospirillum  Fixes 20-40 kg N/ha 
Results in increase mineral 
and water uptake 
Root development 
Vegetative growth and crop 
yield.  
 

Seed treatment 
Set treatment 
Seedling dip 
Soil application  
 

 

Blue green 
algae 

Fixes 20-30 kg N/ha in 
submerged rice fields. 
Production of growth 
substances like Auxins, IAA, 
Gibberellic acid. 

Soil application (4 kg 
/ac) at 7 DAP  
 

Rice  

Azolla  Fixes 40-80-kg N/ha 
Used as green manure 
because of large biomass 
 

As green manure (3-4 
t/ac) at planting 
As intercrop (400-500 
kg/ac 

Rice  

2). Phosphate mobilizing microorganisms 
A. Phosphate Solubilizers  

• Phosphorus is one of the important nutrients especially for root growth. Only about 25-
parts gets converted into insoluble/unavailable forms. Hardly about 1-2 percent of the 
applied P is incorporated into the above ground parts of the plants. These residual or 
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fixed forms of soil phosphates are solubilised and mineralised by a group of 
heterotrophic microorganisms by organic and inorganic acids and phytase enzymes and 
make them available to crops. PSM includes various bacterial, fungal and actinomycetes 
forms. They are Bacillus megatherium, Bacillus subtilis, Bacillus circulans , Pseudomonas 
straita, Pseudomonas rathonis, Aspergillus acva, Pencillium digitatum, Trichoderma sps. 
the use of bacterial cultures in neutral and alkaline soils and fungi culture in acidic soils 
can increase the efficiency of applied phosphate. 

B). Phosphate Absorbers  
a. Vesicular arbuscular mycorrhizae 
VAM are symbiotic entophytic soil fungi, which colonize the roots of approximately 80% plants. 
VAM fungi produce hyphae, which are microscopic tubes that colonize crop roots and grow out 
into the soil farther than root hairs. Nutrients are taken up by the hyphae and carried back to 
the plant. This results into very efficient mobilization and uptake of fertilizers and other 
nutrients by plants. It also help in retaining the moisture around the root zone of plants.VAM 
increase the resistance to root borne or soil borne pathogens and nematodes 
Suitable crops: 
Turmeric, banana, rubber, coffee, tea, pepper, cardamom, cocoa, fruit trees.  
 

Probable reasons for not getting response from the application of bio fertilizers 

1. On account of quality of product 

a. Use of ineffective strain 

b. Insufficient population of microorganisms 

c. High level of contaminants 

2. On account of inadequate storage facilities 

a. May have been exposed to high temperature 

b. May have been stored in hostile conditions 

3. On account of usage 

a. Not used by recommended method in appropriate dosage 

b. Poor quality adhesive 

c. Used with strong doses of plant protection chemicals. 

4. On account of soil and environment 

a. High soil temperature 

b. Low soil moisture 

c. Acidity or alkalinity in soil 

d. Presence of high population of bacteriophages  

Problems with biofertilizers 

• Microbial fertilizers are supplementary to chemical fertilizers but not substitute to it. 

• Specific fertilizers are to be used for specific crops. 

• Strict aseptic precaution is required during production. 

• They are sensitive to sunlight and get killed if exposed for long time 

• Inadequate production and supply of efficient cultures of microorganisms. 
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• Shelf life of fertilizers is short. 

• Efficiency of biofertilizer is dependent on many factors like soil character, moisture 

content, pH,temperature etc., 

• Lack of publicity, communication 

Precautions one should take for using bio fertilizers 

 Biofertilizer packets need to be stored in cool and dry place away from the direst 

sunlight and heat 

 Right combinations of biofertilizers have to be used 

 Other chemicals should not be mixed with the biofertilizers  

 Bio fertilizers are live products and they require care in the storage 

 Both nitrogenous and phosphotic fertilizers have to be used to get the best results 

 It should be applied by proper method of application 

 While purchasing one should ensure that 

      Name of the product 

      Name of the crop for which intended 

      Name and address of manufacturing agency 

      Date of manufacture 

      Date of expiry 

      Batch number 

      Instructions for use 
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INTRODUCTION  

The first biosensor was invented in the year 1950 by American biochemist “L.L Clark”. 

this biosensor is used to gauge oxygen in the blood, and the electrode used in this sensor is 

named as Clark electrode or oxygen electrode. Afterward, a gel with glucose oxidize enzyme 

was layered on the oxygen-electrode to compute blood sugar. Correspondingly, enzyme urease 

was utilized with an electrode that was invented particularly for NH4++ions for calculating urea 

in fluids of the body such as urine and blood. 

Biosensors can be defined as analytical devices which include a combination of 

biological detecting elements like sensor system and a transducer. When we compare with any 

other presently existing diagnostic device, these sensors are advanced in the conditions of 

selectivity as well as sensitivity. The applications of these Biosensors mainly include checking 

ecological pollution control, in agriculture field as well as food industries. The main features of 

biosensors are stability, cost, sensitivity, and reproducibility. 

Working principle of biosensors 

Usually, a specific enzyme or preferred biological material is deactivated by some of the 

usual methods, and the deactivated biological material is in near contact to the transducer. The 

analyte connects to the biological object to shape a clear analyte which in turn gives the 

electronic reaction that can be calculated. In some examples, the analyte is changed to a device 

which may be connected to the discharge of gas, heat, electron ions or hydrogen ions. In this, 

the transducer can alter the device linked converts into electrical signals which can be changed 

and calculated. 

 

 

Fig. 1 Biosensor working process  

Types of Biosensors 
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1. Electrochemical biosensor: Generally, the electrochemical biosensor is based on the 

reaction of enzymatic catalysis that consumes or generates electrons. Such types of 

enzymes are named as Redox Enzymes. The substrate of this biosensor generally 

includes three electrodes such as a counter, reference, and working type.The object 

analyte is engaged in the response that happens on the surface of an active electrode, 

and this reaction may source also electron-transfer across the dual layer potential. The 

current can be calculated at a set potential. 

 
Fig 2 Electrochemical biosensor 

 

2. Physical Biosensor: In conditions of classification, physical biosensors are the most 

fundamental as well as broadly used sensors. The main ideas behind this categorization 

also happen from inspecting the human minds. As the general working method behind 

the intelligence of hearing, sight, touch is to react on the exterior physical stimuli, 

therefore any detecting device that offers reaction to the physical possessions of the 

medium was named as a physical biosensor. 

3. Optical Biosensor:The Optical biosensor is a device that uses an optical measurement 

principle. They use the fiber optics as well as optoelectronic transducers. The term 

optrode represents a compression of the two terms optical and electrode. These 

sensors mainly involve antibodies and enzymes like the transducing elements.Optical 

biosensors permit a secure non-electrical inaccessible sensing of equipment. An extra 

benefit is that these frequently do not need reference sensors, because the comparative 

signal can be produced by using the similar light source like the sampling sensor. The 

optical biosensors are classified into two type’s namely direct optical detection 

biosensor and labeled optical detection biosensor. 

4. Wearable Biosensors:The wearable biosensor is a digital device, used to wear on the 

human body in different wearable systems like smart watches, smart shirts, tattoos 

which allows the levels of blood glucose, BP, the rate of heartbeat, etc 

 

 

 

Application of Biosensors  
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Biosensors have become very popular in recent years. They are widely used in various 

fields. Biosensors are small in size and can be easily handled. They are specific and sensitive, 

and work in a cost-effective manner. The tentative market share of biosensor applications is 

given in table 1 some of the important applications of biosensors are broadly described 

hereunder. 

Table 1: The tentative market share of biosensor applications 

Area of Application  Market Share (%) 

Medical and health 60 

Industry 10 

Agriculture  8 

Defense 7 

Environmental 6 

Others 9 

 

Applications in medicine and health: 

Biosensors are successfully used for the quantitative estimation of several biologically 

important substances in body fluids e.g. Glucose, cholesterol, urea. Glucose biosensor is a boon 

for diabetic patients for regular monitoring of blood glucose. Blood gas monitoring for pH, pCO2 

and pO2 is carried out during critical care and surgical monitoring of patients. Mutagenicity of 

several chemicals can be determined by using biosensors. Several toxic compounds produced in 

the body can also be detected. 

 

Applications in Industry: 

Biosensors can be used for monitoring of fermentation products and estimation of 

various ions. Thus, biosensors help for improving the fermentation conditions for a better yield. 

Now days, biosensors are employed to measure the odor and freshness of foods. For instance, 

freshness of stored fish can be detected by ATPase. ATP is not found in spoiled fish and this can 

be detected by using ATPase. One pharmaceutical company has developed immobilized 

cholesterol oxidase system for measurement of cholesterol concentration in foods (e.g. Butter). 

 

Applications in Pollution Control: 

Biosensors are very helpful to monitor environmental (air, water) pollution. The 

concentrations of pesticides and the biological oxygen demand (BOD) can be measured by 

biosensors. Several environmental pollutants can be evaluated for their mutagenicity by 

employing biosensors. 

 

 

 

 

Applications in Military: 
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Biosensors have been developed to detect the toxic gases and other chemical agents 

used during war. 

 

CONCLUSION: 

Several newly developed techniques ranging from electrochemical, optical including 

fluorescence-based, and electromechanical are modern transducing methods, which are widely 

utilized in the development of biosensors. Different biosensors are now available in various 

fields viz ., biomedicine, novel drug discovery, environmental monitoring, food safety 

processing, security, and defense. Merging of nanotechnology with biosensor systems can 

enhance the diagnostic capability. 
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INTRODUCTION 

Meghalaya is well known for having the highest rainfall in the world of about 11500 mm 

recorded annually. This makes the Meghalaya the wettest places on earth. Though the local 

areas get a lot of rain during the monsoon season, a well managed water system is a need 

during the dry season. Topography in these areas is hilly, with steep slopes due to which there 

are two challenges. First, water retention capacity of the terrain is poor. Second, bringing water 

from distant water sources to the fields is a big challenge for the farmers in the rural areas. 

Ground channeling is also impractical due to the harsh landscape. Confronted with such 

adverse conditions for irrigation, the traditional farmers of Meghalaya have come up with an 

innovative way that works.  

Bamboo drip irrigation system is mainly followed in Jaintia and Khasi hills of Meghalaya. It 

is a 200 years old system. This is a very good system for areas where water is scarce, soils have 

poor water holding capacity, the topography is undulating and the water requirement of crops 

is low. Bamboo drip irrigation system is an excellent example of mans skill and ingenuity and 

glaring example in the evolution of agricultural systems  

Materials 

The few materials needed are a small dao (a type of local axe), bamboo strands of various 

sizes, forked branches, smaller bamboo shoots used for the channel diversions and two willing 

laborers. 

How it works 

Water is carried with the help of different sizes/forms of bamboo pipes and further 

distributed into different bamboo water channels for application at the desired site. To get 

started, locate an available water source. Next select a sloped area of land (at least 30 meters in 

variation). Then slice the bamboo shoots and forked branches, placing the wider shoots in the 

first channel and the smaller pipes for the last section. Puncture a series of holes in the shoots, 

spacing them equally. Ground clearance should progressively descend so that the water may be 

dropped near the roots of plants in the last section (10-15 cm above ground). To reinforce the 

structure, tie the pipes and forked branches together using fiber-rich twine as rope. At points of 

diversion, smaller shoots may be used to redirect water. 

About 18-20 liters of water entering the bamboo pipe system per minute gets transported 

over several hundred meters and finally gets reduced to 20-80 drops per minute at the site of 

the plant. The special feature of the system is to convey the water to the site of actual use 
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without leakage and loss on the way. Flow of the water from bamboo pipes can be controlled 

as per requirement. The tribal farmers of Jaintia and khasi hills have the necessary skill to lay-

out the bamboo net-work with proficiency so that the whole unit works efficiently and 

perfectly. Water trickles down from the holes in bamboo pipes at the plant sites. Plantation 

crops, betel-vines, black pepper etc. are irrigated by this system.  

Advantages of Bamboo drip irrigation  

The advantages of using bamboo are two-fold: it prevents leakage, increasing crop yield 

with less water, and makes use of natural, local and inexpensive material. As water is applied 

locally, leaching is reduced (fertilisers/nutrients loss is minimised). Weed growth and soil 

erosion is highly controlled and soil infiltration capacity is increased.  

Since the water is carried through bamboo pipes, the system indirectly helps the forest 

areas on hills. No cutting of trees and shrubs is required to clear the land for making channels 

through the forest areas on hills. Another benefit to forest areas is that the farmers go for 

settled cultivation when bamboo drip irrigation system is followed and do not resort to shifting 

cultivation which involve heavy deforestation. The bamboo drip irrigation system has helped in 

conserving forests and natural resources. 

Disadvantages of Bamboo drip irrigation  

The disadvantage of this system is that bamboo stem is vulnerable to wet climatic 

conditions, bamboo pipes are not perfectly mobile therefore limited to certain types of crops. 
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Scientific name:(Dendranthema grandiflora)  
Family: Asteraceae 
Chromosome number:2n=36, 45, 47, 51 
Origin:Northern hemisphere in China  
Pollination System      : Cross pollinated 
National flower of: Japan 
 

INTRODUCTION: 

Chrysanthemum locally called a ‘Chamanthi’ is a very popular fragrant flower cultivated 

for loose flowers and its cultivation is concentrated in the neighboring districts of Hyderabd. It 

is cultivated in 1,320 hectare under open conditions for loose flowers and are used for garland 

making and religious offerings. Recently the cultivation of chrysanthemums is popularized for 

cut flower production in Telangana. 

 

Uses of chrysanthemum: 

Cut flowers, loose flowers, Pot mum, Hanging baskets, Bedding and Border plant. 

 

Classification based on Temperature: 

(1)Thermo-positive: low temperature between 10-270C inhibit or delay bud initiation which 

occur more consistently at 160 C. High temperature over 270C accelerates bud initiation but 

delay flowering.   

(2)Thermo -negative: Bud initiation occurs at low to high temperature (10 -270C) but high 

temperature delays Thermo -negative: Bud initiation occurs at low to high temperature (10 -

270C) but high temperature delays development of buds. 
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(3)Thermo-zero: Flowering occurs at any temperature between 10-270C, more consistently ay 

170 C night temperature. 

Soil and Climate: 

Well drained, sandy loam soil with PH of 6.5-7.0 is ideal. It is highly sensitive to 
waterlogged conditions. Chrysanthemum is a short day plant and for vegetative growth it 
requires long day conditions with bright sunlight and high temperatures ranging from 20 to 270 
C. For bud formation and flowering it requires short day and low temperatures ranging from 10 
to 270 C. 
 
Flower Types: 

In chrysanthemum flowers are classified by the kind and arrangement of florets into five 
broad groups 1) Singles, 2) Anemones, 3) Pompons, 4) Decorative, 5) Large flowered. 
 
Varieties: 
Yellow                                                White 
1. Basanthi                                        1. Ratlam selection 
2. Punjab Anuradha                        2. IIHR-13 
3. CO-1, Co-3                                    3. IIHR-6 
4. Yellow Gold                                  4. Baggi 
5. Silper                                             5.Mother Theresa 
6. Raichur                                          6.PAU-107 
 
Planting Season: 

Chrysanthemum is a short day plant and flowers during cool season.The best time for 
planting is June- July while late varieties can be planted upto August.However farmers plant in 
the month of 2nd fornight of May so as to coincide flowering with festive season.Flowering 
starts from September and continues upto January. 
 
Preparation of Land: 

Land is ploughed 3 to 4 times in March-April and 25-30 t/ha of farmyard manure applied 
in the last ploughing and the land is made into beds of convenient size. It is suggested that 4 ft 
wide beds are made so that while picking there will not be trampling and damage of plants. 
60kg of P2O5/ha in the form of Superphospate is recommended corporated in the last 
ploughing. 
 
Propagation: 
Terminal cuttings: 

The best time of raising nursey is May-June. select terminal cuttings of 5-7 cms length 
from healthy stock plants. Dipthe terminal cuttings in 2500 ppm Indole butyric acid or any 
commercial formulations of rooting hormone and planted in raised nursery beds or portrays for 
rooting. Drench the beds or trays with Bavistin @1g/l and spray Aliette @1g/l to avoid soil 
borne diseases.The plants are ready for planting in 30-40days. Nursery raised in 3.2-4cents will 
be sufficient for planting an acre.  
 
 
Planting:  
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Plant well rooted suckers/cuttings in ridges at a spacing of 30 x 30 cm during June- July 
or August and 44,000 rooted terminal cuttings are required per acre.   
 
Manures and Fertilizers: 

During last ploughing apply 4 - 5 tons of FYM and 2kgs each of Azospirillum and 
Phosphobacter along with 1kg of neem cake and 90 kgs of FYM per acre. The 
fertilizersrecommended for one acre are 50 kg of nitrogen, 160kg P20 and 80 kg K20 which are 
to be applied as basal dose.Top dress the crop with 50 kg Nitrogen /acre at the time of 
firstpinching. Foliar spray of ZnSO4 0.25% + MgSO4 0.5% is recommended.  
 
Intercultural operation and Irrigation: 

Irrigate the crop twice at week in the first month and subsequently at weekly intervals. 
Irrigation depends on soil and weather conditions. Weeding and homing’s generally done 
manually as and when required, normally 8-10 times. Mulching can be taken up on raised bed 
under drip irrigation system. This not only avoids weeds but also conserves the moisture. 
 
Horticultural Practices: 
(i) Staking: Staking is necessary for tall growing varieties. 
(ii) Pinching: the terminal buds are removed at 4weeks after planting to induce more side 
shoots. This may be repeated on lateral shoots after 7weeks of planting or 100 days before 
fullbloom. 
(iii) Desuckering: Remove the side suckers periodically. 
 
Growth regulators:  

Foliar Spray of GA3 @ 50 ppm on 30, 45 and 60 days after plantingincreases the number 
of blooms per plant.  
 
Harvesting: 

Depending on the variety plants start yielding flowers after 3-4 months of transplanting. 
Fully opened flowers are to be plucked by hand picking at 4 days interval with or without 
pedicel (stalk) for loose flowers purpose. 
 
Yield: 

Flowering season varies from region to region. The harvesting of the crop commences 
from September -January and lasts upto February-March depending upon the time of planting. 
 
Plant Protection: 
 
Pests  
(1)Aphids: Greenish black nymphs and chocolate brown adults suck the cell sap from 
growingshoots and lower surface of leaves. Damage results in loss of vigor, yellowing and 
premature leaf fall and stunted growth. Honey dew secreted by aphids favors development of 
sooty mould. 
 
Control: Spraying of pongamia oil or neem oil 2% gives significant mortality of aphid. Spray 
Dimethoate or Oxydemeton methyl at 0.05%.  
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(2)Thrips: Slender white nymphs and black adults feed on tender leaves causing silvering, 
mottling and distortion of leaves. Damaged flowers discolored, withered and dried due to 
scorching. 
Control: Spraying of Acephate or Cartap hydrochloride or Ethofenprox or Dimethoate at 0.05%, 
at 15 days interval. Drench the soil with chlorpyriphos 0.1% to control pupae. 
 
(3)Bud borer: Round cream colored eggs are deposited singly on bracts and petals of buds. 
Larvae feed on growing flowers causing considerable flower loss. 
Control: Sprays Endosulfan 0.07% or Methyl parathion 0.05% or Fenvalerate 0.01% at 
appearance of eggs. Spraying of NPV of Helicoverpa @ 250 LE/ha also gives effectivecontrol. 
 
(4)Leaf folder: Pale white eggs are laid singly or in small groups on lower side of leaves. Green 
larva with brown head folds leaves together and feeds on chlorophyll. Affected leaves 
becomeskeleton zed and dry. The larvae also damage flowers by feeding on petal. 
Control: Cutting and buming of infected parts. Two or three sprays of Methyl parathion or 
Quinolphos at 0.05% or Fenvalerate 0.01% give effective control of leaf folder. 
 
(5)Lesion nematode: Stunting of plants with premature yellowing and drying of leaves, reduced 
flower size, dark lesions on roots. 
Control: Apply neem cake 1t/ha or Carbofuran 2.5kg/ha.  
 
(6)Bud and leaf nematode: Interveinal discolouration of leaves and their death. The nematode 
spread up the plant from base. Dead leaves do not drop. 
Control: Hot water treatment of ‘stools’ at 46OC for 5 minutes. Spray 0.02% Thionazin or 
0.01% Methyl parathion to aerial parts. 
 
Diseases: 
(1)Wilt: The infected plants show chlorosis and necrosis starting from lower leaves. The 
apicalleaves show curving and necrosis. At the base of the plants above the soil surface dark 
streaks are common. 
Control: Drenching the soil with Thiophanate methyl or combination of Benlate + lime + nitrate 
are effective. 
 
(2)Stem rot: The symptoms appear as leaf chlorosis, necrosis and decay and discolouration of 
pith and the adjacent vascular region of the cortex. When flower buds are about to open, small 
dark streaks are seen at the base of the stem. Root decay is noticed only in the advanced stages 
of infection. 
 
Control: Soil treatment with Thiophanate methyl or a combination of Benlate + Lime + nitrateis 
effective. 
 
(3)Root rot: Root rot is common in wet weather conditions. Under high soil moisture the 
affected plants will suddenly. 
Control: Besides fungicides like Captan, Mancozeb, Metalaxyl and Fosetyl-Al, soil solarization is 
useful. 
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(4)Powdery mildew: The symptoms appear as powdery coating on the leaves. This disfigures 
the leaves and often results in defoliation. 
Control: Use sulphur fungicides or Carbendazim. 
 
(5)Leaf spot and flower blight: The infection first appears on the lowermost leaves. The small 
dark brown spots with yellow surroundings merge and in the advanced stages the entire foliage 
rots. When the flowering starts the infection occurs on flower buds, which rot completely. 
Control: Spraying of Mancozeb at 10-15 day intervals offer good control.  
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Plant breeding for micronutrient density (Biofortification) gained legitimacy when 

micronutrient deficiencies were recognized as a major global public health challenge of the 21st 

century. In response, harvest plus was established to add food nutritional quality to agricultural 

production research paradigms and reduce micronutrient malnutrition among poor at risk 

populations by deploying capitalizing on agricultural research as a tool for public health 

interventions. (Chakraborty et al, 2010). Cereals are the main source of daily dietary energy 

across the world, but they are poor sources of micronutrients, vitamins and protein. However, 

90% of Fe and 40% of Zn are lost during polishing (Babu, R. V 2013).   Studies indicate two-fold 

difference (25–55 ppm) in Fe and Zn content among hexaploid wheat genotypes and four-fold 

(up to 100 ppm) in diploid accessions (Ortiz-Monasterio et al., 2007). Over dependence on 

cereals and low dietary diversity is lading to malnutrition, especially in developing countries. 

About 50 % of undernourished children of the world are reported in India. Of the various 

approaches to address malnutrition, Biofortification of cereals is an effective strategy to 

address malnutrition through the genetic enhancement of key food crops with enhanced 

nutrients. 

 Several attempts are being made for cereal Biofortification in India 

following conventional breeding approaches under the initiatives of harvest plus, Department 

of Biotechnology, State Agricultural Universities (SAUs) and Indian Council of Agricultural 

Research (ICAR). Promising donors comprising land races and related species have been 

identified and breeding material are being generated combining high nutrient content and yield 

in rice, wheat ,maize, sorghum, pearl millet and small millets. Varietal release system for 

biofortified cereals through All Indian Coordinated Research Projects (AICRP) has been set up by 

ICAR. Polished rice, the most preferred form for consumption, is a poor source of 

micronutrients.  Through concerted efforts of ICAR institutes and SAU’s along with a private 

Seed Company, five rice varieties viz., DRRDhan 45, Surabhi, DRRDhan 48, DRRDhan 49 and 

Zinco Rice with high grain zinc and one variety with high protein in polished rice have been 

released through Central Variety Release committee (CVRC) and six varieties with High grain 

Zinc/protein have been released for states by state variety Release committee (SVRC) and six 

varieties with high grain zinc/protein have been released for states by state Variety. In vitro  

bioavailability studies in Zinc enriched variety viz., DRRDhan 45 showed the bioavailability of 

the zinc was 50% more than the control IR 64. Nutritional quality enhancement has been 

demonstrated in wheat through 30-40% increase of grain zinc by International Maize and 

Wheat Improvement centre (CIMMYT). In India, with the support of harvest Plus, two wheat 

varieties namely HPBW 01 and WB 2 have been released for high Zn content. In addition, a 
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durum variety HI8777 has been released for high yellow pigment (Provitamin A) and six bio 

fortified varieties have also been released through SVRC. Addition of rust resistance genes is 

being integrated with wheat Biofortification breeding programs and varietal development with 

high phytase activity and high protein content is also being attempted. In vitro study of two 

wheat varieties with above 40 ppm iron has shown their bioavailability to be >20%. 

   

a. β carotene enriched Golden rice                 b.  Zn enriched Biofortified wheat 

Maize with its Quality protein (QPM) and Provitamin - Maize is a classic example for 
Biofortification. A maize Provitamin A rich hybrid ‘Pusa Vivek QPM9 improved’ country’s first 
Pro vitamin –A rich maize hybrid was developed by  IARI  and several hybrids rich in lysine and 
tryptophan are available. Maize inbreds have also been developed for low phytase to increase 
the bio availability of iron and zinc. Through carotenoid profiling, two maize hybrids Pro A were 
identified with high Provitamin A and In vitro digestion /Caco-2 cell model studies suggested 
biofortified PUSA-PV-16-3 and PUSA-APQH8 maize hybrids can provide nearly 52% and 34% of 
recommended daily allowance (RDA) of vitamin A.  

 Millets are though nutrient rich crops by nature, because of the anti-
nutritional factors like polyphenol and phytate is being generated in sorghum using different 
donors from various sources. Sorghum is the fifth most important cereal crop across the world, 
and in the semi-arid tropics, it is the second cheapest source of energy and micronutrients after 
pearl millet (Hariprasanna, K et al., 2014).  The varietal proposal of India’s first biofortified 
sorghum, ‘Parbhani Shakti with high iron, zinc, protein and low phytate content developed by 
ICRISAT and Vasantrao Naik Marathwada Krishi Vidyapeeth (VNMKV) is under consideration by 
CVRC. Testing of already developed sorghum food products showed no significant loss or gain 
for iron and zinc content in the products compared to whole grains during the processing, thus 
several products are ready for mid-day meal schemes. The addition of pearl millet to the 
cereals of Public Distribution System (PDS) as part of National Food Security Act of the Indian 
Government underscores its nutritive value. Pearl millet variety ‘Dhanashakti’ is the first 
biofortified crop cultivar for iron in public domain in India and has been included in the Nutri-
Farm Pilot Project of Government of India for addressing iron deficiency (Rai, K. N et al, 2014) 
Six more pearl millet hybrids with enhance iron and zinc have been released through AICRP-
Pearl millet. AICRP-Pearl millet has recently made the optimum amount of iron and Zinc 
content as mandatory for the varietal release. Studies showed that the consumption of 200 g of 
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‘Dhanashakti’ can meet 100 % of (RDA) of iron in children in India, while 60% of the RDA in 
NPNL (non pregnant and non lacting) women. Small millet genotypes identified for their high 
iron and Zinc content are being tested for the processing techniques to reduce their 
antinutrient contents. The food products based on small millets are being also tested for 
nutrient content losses during cooking and absorption of nutrients from the products.  

  With the proof of concept from maker assisted selection for QPM and Provitamin A 
carotenoid content in maize extensive efforts are being made to identify genes and genomic 
regions associated with high protein, iron, and zinc, Provitamin A for their nutrient composition 
and the most promising are being studies for their In vitro Bio availability. Clinical trials of bio 
fortified rice and wheat should be conducted as proof of concept for inclusion of high zinc rice 
in PDS and mid-day meal schemes 

CONCLUSION: 

Bio- fortifies cereals are challenging for the developers owing to the dilution effect while 
combining the high yield and high nutrients, environmental influence and the bioavailability. 
The challenge is also to the farmers for the adoption as there is neither special price for bio-
fortified varieties nor niche market. However, with the tag of world’s worst level malnutrition 
looming over the nation, Biofortification appears to be a promising and sustainable strategy to 
alleviate malnutrition capitalizing the regular daily intake of nutrient –enriched cereals in the 
diet. 
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Soil is an important component of the biosphere that not only acts as a geochemical sink 

for contaminants but also as a natural buffer controlling the transport of chemical elements and 

substance to the atmosphere, hydrosphere and biota. Soil's ability to support plant growth is 

dependent on its productivity which is basic for the survival of human beings. However, natural 

mechanisms governing the maintenance of the ecological and agricultural functions of soil are 

being jeopardized with the increase in soil contamination brought about by anthropogenic 

activities. Industrialization during the last century has been cited as the root cause for increase 

in heavy metal pollution worldwide (Adriano 2001). The United Nations Environment 

Programme (UNEP) calculated that 2 billion hectares of land that was once biologically 

productive has been irreversibly degraded in past 100 years due to contamination and 

inaccessibility (Adejumo 2010). Such contamination is a threat to sustainable agricultural 

development, soil quality, food security and also to ecosystem safety in developing 

countries.The term “metal” typically describes an element which is good conductor of 

electricity and has high thermal conductivity, density, malleability, ductibility and electro-

positivity. “Heavy metals” is a general collective term applying to the group of toxic metals and 

metalloids associated with pollution and toxicity, are the ones having an atomic density of more 

than 6 Mg m-3 and atomic weight more than that of iron (Alloway, 1990). Bioaccumulation and 

subsequent biomagnifications of heavy metals in the food chain result in chronic health effects. 

In order to reduce the impact of heavy metals on human health by preventing their transfer to 

the food chain, there is urgent need to reduce the metal transfer to agricultural plants. Among 

other options available, the use of soil amendments is low cost alternative to ameliorate metal 

contaminated soils. 

 

Sources of Heavy Metals in Agricultural Soils 

Heavy metals reach agricultural soils through two pathways viz., Geogenic (Pedogenic) 

and Anthropogenic. 

 Geogenic (Pedogenic) source 

Source of heavy metals in soils is pedogenic parent material or rock. Soils are derivatives 

of parent material and hence if a parent material is rich in certain heavy metals, soils derived 

from it will also be rich in that metal owing to their lower mobilities and higher densities. For 

example soils derived from pyromorphite will be rich in arsenic (Ar).  

 Anthropogenic Sources 
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Several anthropogenic sources of metal pollution have been identified and some of the 

important ones are mentioned here. 

 

Metallurgical industries: 

 With advancement of technology, industries led to higher metal concentration into the 

waste watere.g. chromium is found to be higher in effluents of textile industries, Cd 

contamination is another problem caused by effluents of Zn smelting industries. Many heavy 

metals are used in specialist alloys and steels: Mn, Pb, Mo, Cr, Co, Ni, Cu, Zn, Cd, As and other 

metals. Hence both the manufacturing and disposal or recycling of these alloys can lead to 

metals pollution. 

 Non-ferrous metal production causes marked environmental pollution not only of the 

metals being manufactured, but also of other minor associated metals such as As, Cd, Cr, Cu, 

Co, Ni, Pb, Zn. The Cu smelters have a long history of causing As pollution in the surrounding 

countryside. Estimates 1.5 kg As emitted per tonne of Cu produced with values up to 16.8 kg 

As/t Cu at a smelter in USA (Oneil, 1995). In Australia, cancerous conditions have been reported 

in livestock grazing near to Cu smelters. Zinc ores often contain relatively higher concentrations 

of Cd (<5%) and so Zn production can give rise to Cd pollution. Pacyna (1987) estimated that 

primary non-ferrous metal production give rise to atmospheric emissions of 1630 t Cd/yr. High 

Cd concentrations were found in soils and vegetation up to 40 km downwind from historic 

smelting activities in the lower Swansea valley in south Wales. U.K. Lead smelting in Kumming 

town, the capital of Yunnan province of China, 60 per cent of children under age of 14, who 

lives near areas with high mining activities are suffering from lead poisoning as reported by 

“China Daily” (1st Sept. 2009). The lead poisoning can damage the nervous and reproductive 

systems and cause high blood pressure and memory loss. 

Waste Disposal: 

 Increasing population results into generation of huge quantities of waste which is one of 

the sources of heavy metals in the agricultural soils. Many metals, especially Cd, Cu, Pb, Sn and 

Zn are dispersed into the environment in leachates from landfills, which pollute soils and 

ground waters and in fumes from incinerators. Sewage sludge contains many metals, including 

Zn, Cu, Pb, Cr, As and Mo but the greatest cause for concern is currently considered to be Cd. 

The Cd is taken up by food crops, especially leafy vegetables and enters the human diet. 

 

Agricultural activities: 

 The inorganic and organic fertilizers, amendments and other agricultural chemicals are 

many a times sources of heavy metals to agricultural soils. For example, fungicides and 

phosphate fertilizers may have variable levels of Cd, chromium (Cr), nickel (Ni), Pb and Zn. 

 

Metalliferous Mining:  

Mining operations emit different heavy metals depending on the type of metal being 

mined. The metals utilized in manufacturing are obtained from either the mining or ore bodies 
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in the rocks of the earth’s crust, or the recycling of scrap metal originally derived from 

geological sources. Ore bodies are naturally occurring concentrations of minerals with a 

sufficiently high concentration of metals to render them economically worthwhile exploiting. 

With increasing demand, generally rising prices and improvements in the technology of mineral 

extraction there is a trend for ore bodies with progressively lower metal contents are used. 

These lower grade ore bodies are larger in extent and require a higher proportion of rock to be 

mined per tonne of metal extracted. This inevitably implies that the environmental impact of 

the mining operations is greater than for mines with smaller areas of much higher grade ore. 

There will be a need to dispose of greater amounts of tailings, which are the finely milled 

fragments of rock and some ore particles left behind after the extraction of the metal ore 

concentrates by various means based on density, magnesium and surface tension (forth 

flotation). Tailings disposal from current mining operations and continued weathering (chemical 

alteration) of ore minerals in historical and abandoned mining sites is an important source of 

heavy metals into the environment. 

 

Fossil fuel combustion: 

 A wide range of heavy metals is found in fossil fuels, which are either emitted into the 

environment as particles during combustion or accumulate in ash, which may itself be 

transported in air and contaminate soils or waters or may be leached in-situ. The metals arising 

from fossil fuel combustion are Pb, Cd, Zn, As, Cu, Mn, Sb, Se, Ba and V. The combustion of 

petrol containing Pb additives gives rise to large amounts of Pb particulates, mainly PbBrCl. 

Lead containing particles in the exhaust of petrol vehicles are 0.01-0.1 micrometer in diameter 

but these primary particles can cluster to form large particles (0.3-1 micrometer). Coal 

combustion gives rise to a wide range of metals. Coal ash is also important source of Cr (<172 

microgram/g). Coal ash Ca contains high concentration of soluble compounds including oxides 

of B, As, Se. Steinnes (1987) reported Pb, Cd, Zn, As concentrations around ten times higher in 

moss, soil humus and top soils along the southern coast of Norway than in the centre of the 

country. This was due to deposition of aerosols arising largely from fossils fuel combustion in 

north-western Europe. 

 

Electronics: 

 A large number of trace elements including the heavy metals are used in the 

manufacture of semi-conductors and other electrical components. These include Cu, Zn, Cr, Se, 

Co, Mo, As and others. Environmental pollution can occur from the manufacture of the 

components and their disposal in waste. 
 

Domestic effluents: 

 Waste waters probably constitute the largest single source of elevated metal values in 

rivers and lakes. Anginoet al.(1970) found that most enzyme-detergents contained trace 

amounts of Fe, Mn, Cr, Co, Zn, Sr and B and therefore use of these products could cause metal 

contaminations of water and soil. 
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Other Sources: 

Other significant sources of heavy metal pollution in manufacture and disposal include: 

 Batteries: Pb, Zn, Cd, Ni, Hg 

 Pigments and paints: Pb, Cr, As, Se, Mo, Zn, Co 

 Catalysts: Co, Ni, Mo 

 Polymer stabilizers: Cd, Zn, Pb 

 Printing and graphics: Pb, Cd, Zn, Cr 

 Medical uses: Hg, Cu, Zn, As 

 Additives in fuel and lubricants: Pb, Mo 
Metal Transfer to the Food Chain 

Consumption of plants containing accumulated levels of heavy metals is an important pathway 

for the entry of toxic heavy metals in the human body. 

Table 1: Indian standards for heavy metals in soil, food and drinking water 

Heavy metal Soil 
(mg kg-1) 

Food 
(mg kg-1) 

Water 
(mg L-1) 

Cd 3-6 1.5 0.01 

Cr - 20 0.05 

Cu 135-270 30 0.05 

Fe - - 0.03 

Ni 75-150 1.5 - 

Pb 250-500 2.5 0.1 

Zn 300-600 50 5.0 

As - 1.1 0.05 

Mn - - 0.1 
         Source: Awashthi (2000) 

Table 2: Concentrations of heavy metal (Micro gg-1 dry matter) in the lithosphere (Goldschmit 

1958), Soils (Bowen, 1966) and plants (Alloway, 1968) 

Metal Lithosphere 
Soil Typical                                      
Range 

Plants 

Cd 0.2 0.06 0.01-0.7 0.2-0.8 

Co 40 8 1-40 0.05-0.5 

Cr 200 100 5-3000 0.2-1.0 

Cu 70 20 2-100 4-15 

Fe 50,000 38,000 7000-550,000 140 

Hg 0.5 0.03 0.01-0.3 0.015 

Mn 1000 850 100-4000 15-100 

Mo 2.3 2 0.2-5 1-10 

Ni 100 40 10-1000 1 

Pb 16 10 2-200 0.1-10 

Sn 40 10 2-200 0.3 

Zn 80 50 10-300 8-100 
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Table 3: Metals in atmosphere and hydrosphere 

Metal 
Atmosphere (ng/m3) 

South Pole                Europe             Near 
volcano 

Hydrosphere (Microg/l) 
Fresh water             Sea water 

Ag <0.0004 0.2-7 3 0.001-3.5 0.03-2.7 

As 0.007 1.5-5.3 <850 0.2-230 0.5-3.7 

B - 3.5 680 7-500 Av. 4.44k 

Be - 0.9-4 - 0.01-1 2-63 

Cd <0.015 0.5-620 8-92 0.01-3 <0.01-4 

Cr 0.005 1-140 45-67 0.1-6 0.2-50 

Cu 0.036 8-4.9k 200-3k 2-30 0.05-12 

F - 1.5(US<400) High 50-2.7k Av 1.3k 

Fe 0.84 130-5.9k 1k-10k 10-1.4k 0.03-70 

Hg - <0.009-2.8 18-250 0.0001-2.8 0.01-0.22 

Mn 0.01 9-210 55-1.3k 0.02-130 0.03-21 

Mo - <0.2-3.2 - 0.03-10 4-10 

Ni - 4-120 330 0.02-27 0.13-43 

Pb 0.63 
55-340 

(US<13k) 
28-1200 0.06-120 0.03-13 

Sb 0.0008 0.6-3.2 45 0.01-5 0.18-5.6 

Se 0.0056 0.15-11 <2100 0.02-1 0.052-0.2 

Sn - 1.5-800 - 0.0004-0.09 0.002-0.81 

U - 0.2(US<0.5) - 0.02-5 0.04-6 

V 0.0015 5-92(US<2k) 79 0.01-20 0.09-2.5 

W 0.0015 0.35-1.5 - <0.02-0.1 0.9-2.5 

Zn 0.03 13-16k 10k 0.2-100 0.2-48 
Microgram/l is equivalent to ppb, k= 103     Source: Bowen (1979) 

Table 1 lists the permissible limits of heavy metals in soil, food and drinking water; table 

2 lists the Concentrations of heavy metal in the lithosphere, Soils and plants and table 3 lists 

Metals in atmosphere and hydrosphere. 

Heavy metal contaminated food can severely deplete some essential nutrients in the 

bosy that are further responsible for decreasing immunological defences, intrauterine growth 

retardation, impaired psychosocial faculties., disabilities associated with malnutrition and high 

prevalence of upper gastrointestinal cancer rates. Serious systemic health hazards can develop 

as a result of extreme dietary accumulation of heavy metals such as Cr, Cd, Ni and Pb. The 

nature of effects can be toxic, neurotoxic, carcinogenic, mutagenic or teratogenic and becomes 

apparent only after several years of exposure as there is no good mechanism for their 

elimination from the body. 

Effect on Human/animal's health: 

 Heavy metal contamination in the environment is becoming a serious problem from the 

human health point of view. Reports of infamous itai-itai and minamotadisease from japan due 

to excessive dietary intake of cadmium and mercury by humanbeings(Asami,1981) are the 
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specimens of heavy metal pollution. Health hazards associated with lethal intake of Cd included 

renal (kidney) damage, anemia, hypertension and liver damage (Nordberg, 1974). Mercury 

levels in humanbeingshave been directly related to ingestion of fish reared on Hg- polluted 

aquaculture although agricultural use of mercurial fungicides can also cause entry of Hg into 

human systems through crop plants (Asami, 1981).Some of the important health problems 

associated with heavy metals is given in Table 4.Cadmium (Cd) is considered to be one of the 

most important metal contaminants since an epidemic occurrence of Itai-itai disease after 

human consumption of rice, grown on fields irrigated with highly cadmium polluted water in 

Jinzu river basin (Japan) in 1940s. Minamatadisease, is a neurological syndrome caused by 

severe mercury poisoning. Symptoms include ataxia, numbness in the hands and feet, general 

muscle weakness, narrowing of the field of vision and damage to hearing and speech. 
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Table 4: Health problems associated with heavy metal accumulation in humans 

Heavy metal Health problem 

First image – Itai-Itai disease caused by Cd.  

Second image - Minamata disease caused by Mercury. 

 

Third image - Minamata disease caused by Mercury. 
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Cr, Cd, Hg, Pb, As, Zn Carcinogenic 

As Jaundice, reduced blood cells, facial oedema. 

Pb Kidney damage, reduced reproductive capacity, disturbance in blood 
chemistry, neurological disorders. 

Cr Affects sugar metabolism 

Ni Skin cancer, asthma, bronchial cancer. 

Zn Affects elementary cenal, metal fume fever or Monday morning 
fever, protein metabolism, bronchial cancer. 

Hg Affects kidney, heart, blood and muscles 

Fe Blood chemistry, haemorrhagic gastritis,bronxe diabetes, heart 
disease, damage to kidney. 

                                                                                                  Source: Heavy metals in soils and plants 

Remediation Techniques 

Remediation refers to removing pollutants from soil, water and air. Physical removal, UV 

treatment, microbial remediation, phytoremediation and isolation are the most commonly 

used remediation techniques. Type of pollutant and nature of substance that is polluted 

determine the type of strategy to be used. 

1. Physical removal 

 The most common form of remediation involves simply removing the pollutant source 

and contaminated soils from the area. Polluted soils are typically taken to a landfill. The 

recently initiated clean-up of the Hudson river involves the dredging of large quantities of PCB- 

contaminated soils, which will then be taken to a landfill. 

2. Ultra-violet remediation 

 Certain pollutants are readily broken down when exposed to ultraviolet radiation since 

UV light can severe chemical bonds. The UV treatment is most effective when used on a liquid 

solution containing pollutants. Adding a catalyst like hydrogen peroxide can greatly enhance 

the remediation efficiency of UV treatment. The UV treatment is gaining popularity because it 

can efficiently destroy harmful pathogens and emerging pollutants. 

3. Phytoremediation 

 Phytoremediation is defined as the use of green plants to remove heavy metals from 

water and soil (Cunningham and Berti, 1993; and Raskinet al., 1997). The technology is slow and 

time requiring but is more ecofriendly. Phytoremediation is a wide bconcept which includes 

phytoextraction, phytodegradation, rhizofiltration, phytostabilization and phytovolatilization. 

The phytoextraction and phytovolatilization involves use of plants to remove toxic metals from 

soil. Metals are extracted from the matrix into the plant shoots. The rhizofiltration is the 

technique used for water remediation in which plants are raised hydroponically and 

transplanted to remove metals from aqueous water streams. Phytostabilization involves use of 

plants and soil amendments to reduce the mobility and migration potential of contaminations 

in soils. The other techniques are used chlorinated compounds (phytodegradation) and 

hazardous organics (biodegradation).In this technique remediation is done by plants which can 

remove pollutants from the environment in a variety of ways. Sometimes pollutants are taken 
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up by the roots and stored in the body of the plant. Concentrations as higher as 3% of Zn, 2% of 

Ni and 1000 mg kg-1 of Cd have been reported in the plants growing in the polluted 

environments. Some pollutants can be put to beneficial use by plants, while others are actually 

broken down by biological reactions in the plant's root zone or by being exposed to UV light 

after being transported from the soil to the plant's leaves. Plants used in phytoremediation are 

highly tolerant to polluted environments. If pollutants such as heavy metals, are stored in the 

plant's body, such plants should be removed and disposed safely to ensure that undesired 

pollutants don’t reenter the environment.   

 The success of phytoextraction, as an environmental cleanup technology, depends upon 

several factors including the extend of soil contamination, metal solubility and bioavailability 

and plant ability intercept, absorb and accumulate metals in shoots. The phytoextraction of 

heavy metals in soil can be achieved (1) induced phytoextraction and (2) continuous 

phytoextraction. 

 Induced phytoextraction is also known as chelate assisted phytoextraction. Synthetic 

metal chelates such as EDTA addition to soil increase the heavy metal accumulation by plants. 

High biomass crop plants including Indian mustard, corn and sunflower could accumulate high 

concentration of Pb, Zn and Cd. Addition of chelating agents also assists simultaneous 

accumulation of Pb, Cd, Cu, Ni and Zn. Metal accumulation Sefficiency of plants is directly 

related to the affinity of chelates for a particular metal. For eg. EDTA for Pbabd Cd. Meerset 

al.,(2005) observed higher metal uptake in EDDS (ethylenediaminedisuccinate) treated pots 

than EDTA. The mechanism involved with chelate assisted phytoextraction is (1) chelate 

increase the soluble metal concentration in soil solution and (2) facilitate the metal uptake by 

plants. Fe3+ chelate reductase is the enzyme liberated on the root surface of hyper 

accumulating plant, splits the Fe3+ chelate complex into Fe2+and chelate. The reduced Fe2+ is 

taken by plants. But in some cases like Pb-EDTA complex can't be split by the root Fe3+ chelate 

reductase because of high stability of Pb-EDTA. 

 Continuous phytoextraction is phytological process that allow plants to accumulate 

metals over the complete growth cycle. It is based on the genetic and physiological capacity of 

hyper accumulators to accumulate, translocate and resist high amount of metals. The first 

hyper accumulators characterized were member of Brasicaceae and Fabaceae.Presently 45 

plants families are known to contain metal accumulating species. The number of metal 

accumulating taxa is around 397. 

Table 5: Hyper accumulators of certain elements 

Element Plant Conc. in biomass  
mg kg-1 

Reference 

Cobalt Haumaniastrumrobertii 10200 Brooks (1977) 

Chromium Pearsoniametallifera 
Arabidopsis haliana 

7700 
1400 

Weid (1974) 
Cunningham (1966) 
& Salt et al., (1998) 

Cadmium T. caerulescens, 1800 Cunningham (1966) 
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Raphanussativus & Salt et al., (1998) 

Lead Thlaspirotundifolium 
Brassica juncea 

7900 
8200 

Brooks (1977) 
Cunningham (1966) 
& Salt et al., (1998) 

Nickel Alyssum masmenaeum 
Psychotria, Sebertia 

24300 
47500 

Brooks (1977) 
Cunningham (1966) 
& Salt et al., (1998) 

Zinc Thalaspicalaminare 40000 Reves& Brooks 
(1983) 

    
Source: Adapted from Kumar &Sawant, 2000; Cunningham, 1996 and Salt et al., 1998 

4. Bioremediation 

 It is a biological method for clean up of contaminated soil and groundwater. It is also 

known as biorestoration. It involves establishing the conditions in contaminated environment 

so that appropriate microorganisms flourish and carry out the metabolic activities to detoxify 

the contaminants. Bioremediation involves the breakdown of pollutants by microorganisms. 

The microbes often use the pollutant as a food source. Microbes are commonly used to treat 

sewage and oil spills, but can break down a wide range of pollutants. Microbes can be added to 

a polluted soil to speed up the treatment. Occasionally, mixing the soil can speed clean-up 

efforts by spreading bacteria and oxygen through the contaminated zone. There are several 

types of bioremediation. In situ bioremediation is the in-place treatment of a contaminated 

site; ex-situ bioremediation is the treatment of contaminated soil or water that is removed 

from a contaminated site; and intrinsic bioremediation is the indigenous level of contaminant 

biodegradation that occurs withoutwithout any stimulation or treatment.  

 

5. Isolation 

 Often when a contaminant is difficult or extremely expensive to remove or destroy, it is 

simply isolated from the surrounding environment. This is typically done with clay, concrete, 

man-made liners or a combination of these. The idea is to create a barrier around the 

contaminant so that no water or pollutants can pass through. This is also a common strategy 

with nuclear waste. 

Use of Ameliorants 

 An ameliorant is a substance added to the soil to improve the growing conditions for 

plant roots. Application of chemical ameliorants generally adds geochemical precursors to the 

soil that enhance natural attenuation mechanisms through different sorption processes 

(Complexetion, co-precipitation or entrapment) that occur in the soil, thus reducing the 

mobility and bioavailability of the pollutants, various ameliorants that have been tested as in-

situ fixing additives to remediate the metal-contaminated soils include zeolite, bentonite, red 

gypsum, biochar, biosurfactants, humic substances, red mud, hydrous ferric oxide, manganese 

oxide, lime etc. some commonly used amendments have been discussed.  

Industrial Byproducts 
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 Red gypsum: Red gypsum is a by-product of the titanium dioxide pigment 

manufacturing industry and contains about 35% iron oxides. Titanium is extracted from a type 

of sand, called ilmenite, using sulphuricacid which leads to an iron sulphate waste. It is 

neutralized with lime to give red gypsum. Lombiet al. (2004) tested red gypsum as soil 

amendment for the remediation of As and Cu contaminated soils and reported considerable 

decrease in As and Cu in soil solution as well as plant uptake of these metals. 

 Red mud: Red mud is an iron-rich industrial byproduct of bauxite refining industry, 

where alumina is an initial raw material. Brunoriet al. (2005)have demonstrated that red mud 

can be used for the remediation of contaminated land after adequate neutralization. The use of 

red mud on contaminated soils promoted plant growth and reduced the bioavailability, mobility 

of heavy metals and their toxicity to plants. 

 Phosphogypsum: Phosphogypsum is an industrial byproduct of phosphoric acid 

manufacturing. It is produced when phosphate rock is treated with sulphuric acid. 

Phosphogypsum is identical to naturally occurring gypsum and has some impurities, which 

differ from place to place. Illeraet al. (2004) used Phosphogypsum for the immobilization of Cu, 

Pb and Cd in an acidic soil.  

 Fly ash (Pulverized fly ash): Fly ash is a byproduct of thermal power plants or coal 

industry which is formed by electrostatic or mechanical precipitation of dust like particles from 

flue gases of furnace with coal or lignite at 1100 to 1400 °C.By mid 1950s, fly ash from coal 

combustion became known as pulverized fuel ash within UK. Additions of quicklime and fly ash 

to the contaminated soils effectively reduced heavy metal lechability well below the regulatory 

limits for hazardous wastes. 

 Biochar:Biochar is a product of thermal decomposition of biomass produced by the 

process called pyrolysis. Biocharhas been found to be biochemically recalcitrant as compared to 

in-charred organic matter and possessconsiderable potential to enhance longterm soil carbon 

pools (Lehman et al. 2006). Biocharhas been shown to improve soil structure and water 

retention, enhance nutrient availability and retention, ameliorate acidity and reduce aluminium 

toxicity to plant roots and soil microbiota (Glaser et al. 2002). 

Organic Amendments 

 Addition of organic matter to contaminated soils has been used for many centuries to 

improve soil fertility, enhance revegetation and decrease the plant availability of toxic metals 

(Abbott et al. 2001).The addition of organic amendments to soils can reduce the heavy metal 

bioavailability by changing them from bioavailable forms to the fractions associated with 

organic matter or metal oxides or carbonates. Different kinds of organic amendments used for 

the remediation of the metal contaminated soils include farmyard manure (FYM), biosolids, 

sawdust, wood ash, composts derived from different source materials, sewage sludge, bark 

chips and wood chips. The long term effects of FYM application compared to NPK fertilization 

on Cd levels in crops are demonstrated by the Rothamsted Classical Experiments (Jones and 
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Johnston, 1989). Vachaet al. (2002) compared various organic amendments and concluded that 

the efficiency of these amendments is strongly dependent on the quality of the organic matter. 

 

Inorganic amendments 

 Variety of inorganic amendments are used to deactivate the heavy metals (Table 

6).Inorganic amendments are very effective in decreasing the metal bio-availability due to 

introduction of additional binding sites for heavy metals and due to pH effects. Many of these 

amendments described previously are byproducts of industrial activities and therefore 

inexpensive and available in large amounts (Menchet al. 1998). Lime has been used for 

centuries to increase pH and thus decrease metal uptake by crops (Knox et al. 2001). 

 

Table 6: Mineral amendments used for the reduction of heavy metals 

Amendment Metals immobilized 

Al-Montmorillonite Cd, Ni, Zn 

Clinoptilolite Cd, Pb, Zn 

Diammonium phosphate Cd, Pb, Zn 

Ferrous sulphate As, Cr 

Hydroxyapatite Cd, Cu, Ni, Zn 

Lime Cd, Cu, Ni, Pb, Zn 

Manganese oxide Cd, Pb 

Water treated sludge Cd, Cu, Ni, Pb, Zn 
Source:Puschenreiteret al. (2005) 

Zeolites have been widely tested for their capacity to immobilize heavy metals in soils. 

These are naturally occurring crystalline, hydrated aluminosilicates of alkali and alkaline earth 

cations. Ability of zeolites to both lose and absorb water without causing damage to their 

crystal structures makes useful compounds for soil remediation purposes. Therefore, zeolites 

are considered to be among the most effective mineral amendments reducing heavy metal 

transfer to plants. The use of phosphate compounds (apatite and hydroxyapatite) for the 

immobilization of metals was in the focus of many studies. Knox et al. (2001)found that 

hydroxyapatite from North Carolina (25 and 50 g P kg-1) effectively immobilized Pb, Zn and Cd. 

On the other hand, concentration of nutrients such as P, Mn and Mg increased. Immediate 

effectiveness and the long term sustainability are the main advantages of inorganic 

amendments. 

Soil washing techniques using inorganic amendments offer the great advantage of High 

Cd removal efficiency in the contaminated soils. However, these are generally not 

environmentally sound technologies, and are thus not directly applicable to Cd contaminated 

paddy fields under all the situations. Calcium chloride and ferric chloride are potential soil 

washing chemicals for use in Cd contaminated paddy soils because of their Cd extraction 

efficiency, cost effectiveness and relatively low environmental impacts. 

Biosurfactants 
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 Biosurfactants can enhance the mobility of heavy metals by reducing the interfacial 

tension between the metals and soil and by forming micelles. Biosurfactants foam has been 

found to be very effective. It not only inherits all the merits and remedies the deficiencies, but 

also improves the removal efficiency. e.g.,rhamnolipid belonging to be glycolipid group 

produced by Pseudomonas aeruginosa(Tsujii 1998). Column experiments conducted to evaluate 

the feasibility of rhamnolipid foam to remove heavy metals (Cd and Ni) from a sandy soil 

contaminated with Cd (1706 ppm) and Ni (2010 ppm) showed that flushing with 20 pore 

volume of solution of the foam generated by a 0.5% rhamnolipid solution with an initial pH 

value of 10.0 proved to be most effective. These operations were able to remove 73.2% of Cd 

and 68.1% of Ni (Mulligan and Wong 2006). 

Nanoparticles 

 In situ stabilization by nano particles having low environmental impact, is one of the 

most promising techniques. This technique is helpful in reducing the risks of groundwater 

contamination, plant uptake of heavy metals, and exposure of other living organisms to heavy 

metal ions (Boissonet al. 1999). Zero valent iron (Fe°) could be an effective stabilizing 

amendment. Compared with other Fe containing compounds, Fe°also offers the advantage of 

being available in large quantities (Kumpieneet al. 2008) as industrial byproducts. 

 

Advantage of Using Ameliorants 

 Organic materials or inorganic chemicals offer quick remediation of heavy metal 

contaminated soils. Large scale availability of organic amendments like FYM, compost, biochar 

and inorganic amendments like iron containing industrial wastes etc is an advantage. The 

adaptability of an amendment is determined not only by its efficiency but also by economics. 

Amendments which are cheaply available e.g., FYM, compost, biochar, industrial byproducts 

and less expensive and cost effective chemicals like biosurfanctants are of great use. 

Techniques with less or no toxic effect such as use of amendments like, humic substances and 

biodegradable chemicals like rhamnolipid are ideal for remediation purposes. 

Limitations 

 Feasibility of adoption of some approaches under field conditions becomes difficult and 

a question that is often asked is wheather the approach is pragmatic. Biodegradability of some 

chemicals is very slow e.g., EDTA and NTA which form strong chelates with heavy metals and 

can be transported to water reserviours and can cause pollution. Soil washing technique for Cd 

removal from paddy soil may leave toxic chemicals behind and raised questions about 

ecosystem toxicity. 
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Pomegranate (Punicagranatum L, Family Punicaceae), the salt hardy fruit tree is a small 
tree less than 4m when cultivated. Roots of pomegranate tree are well developed, knotty, 
consistent, reddish and absorbent extremely in saline soils. In latin words pomegranate means 
‘apple with many seeds’. It is currently ranks 18th in the world in terms of fruit consumed 
annually. Pomogranate commonly grown in states like Maharashtra, Karnataka, Gujarat, 
Andhra Pradesh, Telangana, Madhya Pradesh, Tamil Nadu and Rajasthan for commercial 
production and India is one of the leading countries in pomegranate production. The crop is 
favoured by the farmers as it is highly remunerating crop for replacing subsistence farming and 
alleviating poverty and can be grown on diverse type of soils that requires less irrigation water, 
less maintenance so less labor requirement.  

The crop is in spite of huge production potentials and technological advancements, 
growers faced by number of broad range of constraints like financial, natural factors, labour 
and electricity shortages, marketing, insect pest’s problems, etc. Insect pests like anar butterfly: 
Deudorium Isocrates Fabricus, white fly, Siphorinus phillyreae, stem borer, Coelosterna spinator, 
thrips, Cirtothrips dorsalis, fruit borer, Conogethe spunctiferalis, fruit sucking 
moth,Eudocimaspp. etc. also pomegranate is affected by diseases like Bacterial leaf and fruit 
spot, Xanthomonas axonopodispv. Punicae, Leaf and fruit spot, Pseudocercospora punicae, 
Anthracnose, Colletotrichum gloeosporioides, Wilt, Fusarium oxysporum, Leaf spot, Alternaria 
sp, Cercospora sp, Fruit rot, Phytophthora spp., Aspergillus foetidus, etc. Among these, wilt and 
bacterial blight on pomegranate are the main cause of epidemic spread. Moreover, thisis one of 
the important diseases of pomegranate that adversely affects the crop cultivation in all the 
major growing regions of the country.In this condition affected pants shows the yellowing of 
leaves, drying of leaves and drooping of twigs and branches. Dark grey discoloration of wood is 
observed when the longitudinal and vertical section of the tree is taken. If brown /grey/black 
discoloration is observed then it caused by Ceratocystys frimbriata, if xylem is brown then it’s 
by Fusarium aoxysporium and if knots are seen on fine roots then it is by nematode infestation. 
The yield loss in pomegranate is 33% due to root knot nematode. Infected seedlings are the 
main source for the spread of pathogen. The pathogen enters through wounds alsothe fungus is 
carried on pruning tools and air, spreads to the adjacent trees via root grafts, flood and 
irrigation water. Insects, nematodes and rodents that predispose the plant to wilt fungus make 
wounds in the root system. 
 
About Root knot nematode 
Life cycle and Biology 

The second stage juvenile, soil borne are present in the soil and enter behind the root 
cap and feeds on the epidermal cells after which it adopts the sedentary life style and enlarge in 
cross section.  These vascular tissues modified into “giant cells’ which are fed by developing 
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juveniles. They will continue feeding except for 3rd and 4th stages that will mount in quick 
sessions. Moreover, develop into pear shaped adult females. Males are long slender and 
reproduction is normally by parthenogenesis or amphimixis. The fecundity is about 400- 500 
eggs in gelatinous matrix. They requiredoptimum temperaturei.e.27- 300C for completion of life 
cycle is for 3-4 weeks. Few to several generations has completed in one year.  
 
Symptoms 

The trees exhibit above ground symptoms like leaf bronzing at nursery stages, leaf 
foliation, stunted and stagnant growth in patchesalong with this wilting and dieback are 
commonlyobserved.  

In root system the root knot nematode form the giant and form the root galls/ knots. 
Moreover, become prominent. Galls are often confused with rhizobium nodules formed in 
leguminous plants.  

 
Picture:Roots infetced with root knot nematode in pomegranate 
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Picture:Above ground symptoms of pomegranate plant 

 
Present scenario 

The nurserymen, farmers and extension people are unaware of the symptoms of root 
knot nematode infestations. Generally by looking at the above ground symptoms, they assume 
that pathogens or other physiological disorders are like nutrition or water stress are cause of 
plant damage as in nematode infestations roots are damaged and thereby affecting the shoots 
as nutrients are unable to translocate. At early stages, the primary galls are very small and 
minute, hence thorough observation should made randomly by tearing the polythene bags.  

Root-knot nematode, Meloidogyne incognita is a serious constraint on pomegranate in 
several parts of the country, particularly in Maharashtra and Gujarat resulting in 10.54% yield 
losses (Rs 270 million per annum). Root knot nematode causes direct as well indirect damage to 
the plants. Indirect in sense physical and mechanical injury by the continuous stylet thrusts and 
secrete enzymes leading to changes in root system. Nowadays farmers are shifting to fruit 
farming in a big way where they have water crisis, as a result, they purchase the planning 
material from all over India as well as from other countries. Here, cause for nematode 
dissemination through soils. After establishment of orchards, the plant starts dying soon after 
the planting or up to few years, which leads to financial crisis to farmers. 
 
How to tackle?  

 The planting material used for nursery preparation should thoroughly checked during 
preparations. 

 As the active soil used within the orchardscontaminated with nematodes and the same 
soil used for the hardeningpurpose of cuttings in polybags, because of which the 
seedlings are infected. Methods like air layering, ground layering, grafting, cloning etc. 
where moss and plant growth promoting hormones are used. The attack of root knot 
nematode is more in ground layered cuttings, because it has direct contact with the soil. 
Therefore, the safe method for the vegetative propagation is air layering, as it has no 
direct contact either soil.Thefarmers and nurserymen should thoroughly inspect for root 
knot nematodesbefore transportation to the main fields.  

 Pomegranate growers can go for tissue cultureplants, as they are free from pests and 
diseases. 
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 As far as chemical control has consideredi.e. formaldehyde, hydrogen peroxide canused. 
Nevertheless, they should kept as last option as they are hazardous to environment.  

 Nursery farmers can procure soils from the dried lands, rice fields and solarize them for 
one month by covering with plastic sheet.Otherwise, they can opt for the soil less media 
like vermiculite.  

 Farmers will also advised to practice integrated nematode management strategies like 
use of healthy seedlings, clean cultivation, application of organic amendments 
(FYM/Compost and Neem cake) and intercrops (Marigold) and need-based application 
of nematicides. 
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ABSTRACT 

Salinity is one of the most important environmental factors preventive the plant 
growth,thus the large area of cultivable land hastwisted unproductive. The agronomic 
management for these areas involved heavy investment. In many parts of the world, soil 
salinization is nonstop reducing the arable land for conventional agriculture. Salt stress is 
stressful the seed germination, water deficit, growth, ion imbalance and cause several 
biochemical lesions in crop plants.Brassinolide has emerged as a new phytohormone with 
pleiotropic effect and influences diverse physiological processes like germination, flowering, 
growth, senescence and confers resistance to plant against various abiotic 
stresses.Brassinosteroids are a group of steroidal hormones that play essential roles in wide 
range of developmental phenomena including cell division and cell elongation in stems and 
roots, photo-morphogenesis, reproductive development, leaf senescence, and also in stress 
responses.Brassinolide was the first isolated brassinosteroid in 1979 when Brassica napus polle
n was shown to promote stem elongation and cell divisions and the biologically active molecule 
was isolated. 

 
Effect on germination, physiology and morphology of Brassinolide: 

24-epibrassinolide and 28-homobrassinolide reversed the inhibition of germination and 
seedling growth rates of rice under salinity stress and enhances levels of nucleic acids and 
soluble protein synthesis (Anuradha and Rao, 2001).Exogenously applied brassinosteroid has an 
amending the adverse effects of salt stress on seed germination and growth and root 
elongation.Gradual increase in NaCl concentrations from 25 mM to 200 mM tight decreased 
growth of wheat compared with the control however treatment of wheat seeds with different 
concentrations of brassinolide 1 mgL-1 than 0.1, 0.5 and 2 mgL-1brassinolide causes a significant 
increase in growth parameters viz. root and shoot lengths, fresh and dry weights this showed 
that 1 mgL-1brassinolide counteracted the inhibitory effects of salinity(Soad S. and Shaimaa A., 
2014). 

Ali, et al. (2007) studies that seed soaking with 28-homoBL enhanced the nitrogen fixing 
capability in chickpea plants pre-treated with NaCl. The plants also exposed increased dry 
matter accumulation, together with an increase in the activities of nitrate reductase and 
carbonic anhyderase enzymes.Shahbazet al. (2008) reported a experiment to access 
exogenously applied 24-epibrassinolide could alleviate the adverse effects of salt on two 
hexaploid wheat (Triticum aestivum L.) cultivars, S-24 (salt tolerant) and MH-97 (moderately 
salt sensitive), were grown under control (0 mM NaCl in full strength Hoagland’s nutrient 
solution) or saline conditions (150 mM of NaCl in full strength Hoagland’s nutrient solution). 
Improvement in growth in both wheat cultivars due to foliar applied 24-epiBL i.e. Four levels of 
BR were used as 0 (water spray), 0.0125, 0.025, and 0.0375 mg l−1 was found to be associated 
with 24-epiBL-induced improvement in photosynthetic capacity. The 24-epiBL-induced 
regulation of antioxidant enzymes or growth under saline conditions was cultivar specific. 

Hayat et al. (2010) exposed that plants in NaCl showed a significant decline in growth, 
photosynthetic parameters. Though, the treatment with HBL detoxified the stress generated by 

http://link.springer.com/search?facet-author=%22Muhammad+Shahbaz%22
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NaCl and significantly improved the values for the above parameters.Meena (2011) 
investigational that brassinolide significantly increased photosynthetic rate, transpiration rate, 
stomatal conductance, relative water content and chlorophyll stability index although 
significant decrease in osmotic potential was recorded in the wheat under saline. Yusuf et al. 
(2011) showed with wheat cultivars with HBL enhanced the enzymes activities of carbonic 
anhydrase and nitrate reductase, catalase, peroxidase, and superoxide dismutase. The proline 
content in the leaves also increased, which is known to act as an osmolyte and reactive oxygen 
species scavenger. 

Jatet al. (2012) experimented that use of brassinolide up to 1.0 ppm was observed to 
increase significantly photosynthetic rate, transpiration rate (at flowering stage), stomatal 
conductance, relative water content, chlorophyll stability index, number of pods per plant, 
number of seeds per pod, plant height, pod length, leaf area index, test weight, grain yield, 
biological yield, harvest index and K+ and Na+ content in grains of clusterbean cultivars. Soad S. 
and Shaimaa A. (2014)exposed that gradual increase in NaCl concentrations from 25 mM to 200 
mM sharply decreased growth of wheat compared with the control however treatment of 
wheat seeds with different concentrations of brassinolide particularly 1 mgL-1 than 0.1, 0.5 and 
2 mgL-1brassinolide causes a significant increase in carbohydrate fractions, total soluble 
proteins in root and shoot and the hydrolytic enzymes amylase and protease. 

Effect on Growth, Development, Yield and Yield Attributes of Brassinolide: 
Shahbaz and Ashraf (2007) conducted an experiment to assess the influence of 

exogenous application of BRs as a foliar spray on wheat under control or saline conditions. 24 
epibrassinolide (24-epiBL) was foliarly applied @ 0 (water spray), 0.0125, 0.025, and 0.0375 mg 
L-1 on two wheat cultivars. Two salinity treatments 0 (control) and 150 mmol L-1 of NaCl were 
also applied in full strength hoagland’s nutrient solution. It was found that overall, exogenous 
application of BRs as foliar spray improved growth of wheat plants under saline and non-saline 
conditions, but it did not have any prominent effect on accumulation of different mineral 
nutrients in the two cultivars examined. Khripachet al. (2000) observed that treatment of plants 
with exogenous BRs at suitable stage of their development results in increase of crop yield and 
quality.Hayat et al. (2001) studied the application of brassinosteroids through pre-sowing 
treatment of wheat, Triticum aestivum L. with homobrassinolide resulted in the production of 
tall plants with higher fresh and dry mass. 

Vidya Vardhini et al. (2006) testified that brassinostroids are a new group of plant growth 
substances with significant growth promoting activity. Brassinosteroids also deliberate 
resistance to crop plants against environmental stresses.The spray of 28-homoBL to the folliage 
or supply through roots of Brassica juncea plants generated from the seeds soaked in NaCl 
enhanced the growth, nucleic acid content, ethylene and seed yield (Hayat, et al., 2006).Fujika 
and Yokota (2003) observed that brassinosteroids (BRs) are steroid hormones that regulate the 
growth and development of plants. Aliet al. (2007)expoled the influence of root applied 24-
epibrassinolide in improving growth and yield of two wheat cultivars, a salt tolerant (S-24) and a 
moderately salt sensitive (MH-97) were grown at 0 or 120 mM NaCl in continuously aerated 
Hoagland’s nutrient solution. Different concentrations of 24-epibrassinolide (0, 0.052, 0.104, 
0.156 μM) were also maintained in the solution culture resulted in the exogenous application of 
24-epibrassinolide counteracted the salt stress-induced growth and grain yield inhibition of 
both wheat cultivars. 

BRs significantly increase all the growth parameters, photosynthetic pigments as 
compared with the untreated control plant in wheat. The foliar application of BRs also 

http://link.springer.com/search?facet-author=%22Qasim+Ali%22
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increased yield and yield attributes of treated plants and significantly overcome the depressive 
effect of saline irrigation water at all levels on crop productivity and photosynthetic pigments 
(Mona et al.(2011). Plants exposed to NaCl exhibited a significant decline in growth, the level of 
pigment parameters, green pod yield and pod protein. Though, the treatment with EBL 
detoxified the stress generated by NaCl and significantly improved, the level of pigment 
parameters, green pod yield and pod protein (Rady, 2011). 

Effect of brassinolides on physiological traits in Cicer arietinum L. cultivars and reported 
that the 1 ppm brassinolides increased significantly the plant height, number of pods per plant, 
biological yield, seed yield per plant, number of seeds per pod under both non-stress and water 
stress conditions in both the cultivars (Jyoti Verma etal. 2012). 

Mirza et al. (2013) observed that the differential responses of plants to salinity with 
special reference to growth, physiology and yield, exogenous protectants such as 
osmoprotectants, phytohormones, signaling molecules, polyamines, antioxidants and various 
trace elements have been found effective in plants in mitigating the salt induced damages. 
These protectants showed the capacity to enhance the plants growth, yield as well as stress 
tolerance under salinity. Fariduddinet al. (2014) observed that the potential application of BRs 
in agriculture to improve growth and yield under various stress conditions including drought, 
salinity, extreme temperatures, and heavy metal toxicity, is of immense consequence as these 
stresses severely hamper the normal metabolism of plants. 
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Microgreens are young, tender, edible crops that are harvested at cotyledon or 1st true 

leaf stage; used with stem and leaves attached. These tiny plants are grown to the first true leaf 

stage. Microgreens are new generation smart food with full of nutrition and flavor. The America 

were first time use this in way back 1990, and later in 1998 it gives the term ‘Microgreen’.They 

should not be confused with sprouts, which are germinated seeds lacking true leaves. 

Microgreens are sold as a raw product for use in salads, on sandwiches, and as a garnish. It can 

be consumed in various manners like salads, soup, drinks, sandwich and use for enhancing the 

taste, colour, structure and flavour of different food. 

It is rich source of minerals and vitamins (Table 1). Some bioactive compounds are 

present in microgreens viz. carotenoids, phenolic, anthocyanins, glucosinolates , thiosulphides, 

saponins and dietary fibers. It acts as an immune-modulation, antioxidant, cardio-protective, 

anticancer, antiosteoporosis, lipid lowering and anti-diabetic in human health. The carotene 

content of micogreen is equal to the carotene content of carrot. Alpha tocopherol (vitamin c 

derivative), and philoquinone (vitamin K derivative) are also present in microgreens. 

 

Table 1: Vitamin content in some microgreens species (mg/100 g) (Xiao et al. (2012) 

 
 
Microgreen 

Vitamin content 

Vit. C Vit. E Vit. K 

Amaranth 131.6 17.1 4.1 

Basil 90.8 24.0 3.2 

Beet root 46.4 34.5 2.0 

Cabbage 147.0 24.1 2.8 

Cilantro 40.6 53.0 2.5 

Pea tendrils 50.5 35.0 3.1 

Green radish 70.7 87.4 1.9 

Celery 45.8 18.7 2.2 

Corn  31.8 7.8 0.9 

Golden pea tendrils 25.1 4.9 0.7 

 

Microgreens versus Sprouts 

As compared to the sprouts, constituted by shoots and rootlets together, deriving from 

totally or partially germinated seeds, and usually produced in the dark and soaked in water, 
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with a production cycle of just a few days, microgreens are grown in greenhouse or in open 

environments, in soil or alternative growing substrates, in presence of light; moreover, 

microgreens have a longer growing cycle and only the aerial part without the roots is edible. 

 

Production considerations 

Microgreens may be grown by individuals for home use. Growing small quantities at home is 

relatively easy; however, growing and marketing high-quality microgreens commercially is 

much more difficult. 

a. Crop selection 

A large number of vegetables, herbs and agronomic crops can be used for microgreen 

production. Crop selection is often based on seedling color, nutritional quality, texture, flavor, 

and market demand. Crop should have quick germination and easily growing ability. The 

suitable crops for microgreen are all leafy vegetable, cereals, pulses, spices, and condiment. 

Seeds should have 95% germination percentage.  

b. Planting site & care 

The delicate nature of microgreens requires that they be protected from rainfall and 

other environmental stresses; thus, they need to be grown in a greenhouse, high tunnel, shade 

structure, or indoors. These crops may be grown in conventional bench-top production or 

hydroponically. Plastic flats with drainage holes at the bottom are generally used for 

microgreen production. The trays are either lined with a sterile fiber-like seeding mat or 

partially filled with a peat-based soilless germinating media.  

The seedlings are to be watered twice daily and kept moist until harvesting. Nutrients 

can be applied before sowing, by incorporating the adequate quantity of fertilizers in the 

growing media, or after germination is completed with a nutrient solution. The dense planting 

should be avoided. After the seed germination, proper care should be taken. High light 

requirement of 12-16 hours ofperiod should preferably be maintained along with low humidity 

and good air circulation for better growth and development of microgreens. 

c. Pest management 

The microgreen high density cropping system provides the ideal environment for the 

development of seedling diseases. These young tender plants are particularly vulnerable to 

Pythium and Phytophthora damping-off; however, Sclerotinia and Rhizoctonia diseases may 

pose a problem on some hosts. Sanitation, proper plant spacing, and good cultural practices will 

be necessary to prevent these diseases from gaining a foothold. In addition, the use of a sterile 

soilless media, which is required for success, should reduce any potential disease problems. 

Potential insect problems include aphids and thrips. 

d. Harvest and storage 

The time from seed to harvest varies between crop species; however, many seedlings 

will be ready for harvest in 7 to 14 days. Microgreens are harvested at the first true-leaf stage; 

when the cotyledons are fully expanded and still turgid, and depending on the species have 

reached a height of 5-10 cm. 
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Only the stems with leaves attached are harvested; roots are left behind. Plants grown 

in soilless media are cut by hand just above the soil line using scissors. An electric knife or 

trimmer can be used to harvest microgreens grown on seeding mats. Mats are held vertically 

while the crop is “shaved” from the mat into a clean container. 

Microgreens are highly perishable and need to be washed and cooled as soon after 

harvest as possible. Cold water should be used to wash the microgreens, which lowers the crop 

temperature slowing down the potential of microbial growth. 

Advantages of growing own 

 It is simple and quick; only very basic equipment is needed  

 There is a wide choice of taste sensations, colours and textures  

 Commercially-grown sprouts and microgreens do not always use organic seed, so 

growing your own gives you that chance to increase your organic consumption  

 Very little space is needed in the kitchen. You can grow some of your food without 

actually needing a garden  

 It is very economical; sprouts and microgreen seeds can multiply by up to 15 times 

their weight 

CONCLUSION  

Microgreeens are having nutrition rich medicinal value which will be of immense 

importance in developing countries like our nation. People who are under below poverty line 

can produce this without investing many resources for their healthy life. It also can be adopted 

easily by the city people where land is often a limiting factor. It can be used as a nutritive food 

in our routine life.  

 

REFERENCE  
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Pomegranate: Use in Cosmetics and Pharmaceuticals 
Article id: 11253 

Pratistha Srivastava and Hradesh Rajput 
Assistant Professor ITM, university Gwalior 

INTRODUCTION  
India is the largest producer of pomegranate (Punica granatum) next only to Iran. The word 

"pomegranate" (Punica granatum) comes from the Latin for "fruit of many seeds." In folk 

medicine, the fruit's astringent properties have been used to treat various ailments (cuts, sore 

throats, tapeworms, dysentery, and gum disease).  Pomegranates are a good source of vitamin 

C. Due to having the high level of vitamin C and antioxidant in the punica granatum seed oil, it is 

helpful in preventing the cell damage as well as in quick wound healing and plays a vital role in 

repair from the sun damaged and aging skin. Punica granatum seed oil is helpful in extending 

the life fibroblasts, and the cells provide strength and support of the skin by producing elastin 

and collagen in the skin. Pomegranate fruit is berry like with a leathery rind (husk or peel) 

enclosing many seeds surrounded by juicy arils. The husk is composed of two parts: pericarp 

and mesocarp (albedo). The edible part of the pomegranate fruit (50%) consists of 40% arils and 

10% seeds. Arils contain 85% water, 10% total sugars and bioactive compounds such as 

phenolics and flavonoids, principally anthocyanins (Rafraf et al., 2017). Pomegranate seed oil 

contains an exceptional conjugated fatty acid called punicic acid (trienoic acid) that makes up 

approximately 65% to 80% of the oil from pomegranate seeds. Punicic acid is also referred as a 

super conjugated linolenic acid whose effect is even more potent than that of an ordinary 

conjugated linolenic acid. Seeds also contain protein, crude fibers, vitamins, minerals, pectin, 

sugars, polyphenols, isoflavones, the phytoestrogens, coumestrol and the sex steroid, estrone 

(Aruna et al., 2016). Recently, it has been revealed that pompgrante  powder contains much 

higher content of lysine, leucine, aromatic fatty acids , threonine and valine, while having less 

concentration of sulphur containing amino acids (methionine and cysteine), than the reference 

protein pattern of FAO/WHO (FAO/WHO, 1973) . In this way, more research must be done in 

that field. The mechanical change of vegetables and natural products creates huge amounts of 

co-items wealthy in bioactive exacerbates that likely could be reasonable for different 

purposes. The significance of normal sustenance added substances are expanding because of a 

progressively broad utilization of common mixes in nourishment, beauty care products and 

pharmaceuticals enterprises instead of engineered mixes. The organic product is in intense 

interest by the global sustenance, pharmaceutical and makeup enterprises for its high cancer 

prevention agent levels and as per consultancy bunch Maximixe, desires are supported up by 

the pattern towards common magnificence from inside enhancements and corrective items. 

 

Biological Sources: 

Botanical Name : Punica granatum 
Family Name : Puniacaceae 
Common Name : Pomegranate, Anar 
Part Used: Seeds, flowers, 
Common Name: 
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Hindi: Anar 
English: Pomegranate 
Latin: Punica granatum  
Sanskrit: Dadimah 
     
Nutritive value:  

 

 

Sources : United States Department of Agriculture (USDA)  

  Some potential benefits of Pomegranates: 
1. Pomegranate seeds are rich in oil, which have hormone producing effects and 

stimulate estrogen hormone. It is also used to prepare cosmetics and moisturizing 
body lotion.  

2. Pomegranate fruit juice makes an excellent drink which contains potassium, 
phosphorous and calcium as well as micronutrients like iron, manganese, zinc and 
copper. The juice stimulates appetite and is used in treatment of stomach disorders. 
It is a good painkiller. The fruit juice is beneficial for dry coughs, provides relief in 
urinary disorders and can be used to wash wounds and ulcers. It is well known as an 
excellent treatment for anemia  

3. Powder prepared from rind is used as a tooth powder and also as medicine a 
cosmetic   industries. Rind powder is excellent source of beta-carotene, potassium, 
phosphorous and calcium. The powder contains 16.5% polyphenols and 5.35% 
mineral matter. 

   Bioactive compound use in pharmaceuticals product:  
1. The fruit and seed are used in modern herbal medicine. In some traditional folk 

remedies, the rind and root or bark may also have been used, but they contain 
potentially toxic substances and should be avoided.  

2. Pomegranate is a poly-vitamin, a unique fruit plant producing a wide spectrum of 
biologically active substances especially important in our present-day polluted 
environment. It helps in preventing the harmful effects of radioactive substances by 
producing biologically active substances  

3. Pomegranate is loaded with tannins, anthocyanins, and polyphenolics and antioxidant 
vitamins, A, E and C, all of which have a health effect on the body.  

4. Pomegranate fruit extract  has been found to be chemopreventive in mouse mammary 
organ culture and in human breast cancer cells in vitro.  

Constituent Per 100 gm 

Moisture 78% 

Protein 1.6% 

Minerals 0.7% 

Iron 0.3 mg 

Vitamin 16 mg 

Carbohydrates 14.5% 

Fibers 5.1% 

Calorific value 65 
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5. Pomegranate fruit extract  has been found to be chemopreventive in mouse mammary 
organ culture and in human breast cancer cells in vitro.  

6. Australian researchers found that pomegranate flower extract reduced factors 
(hyperglycemia, hyperlipidemia, and a fatty heart) that can result in increased cardiac-
impairing fibrosis in patients with type 2 diabetes. 

Bioactive compound use in cosmetics product  
Recent studies have suggested that extracts from pomegranate may protect the skin from the 
detrimental effects of UV exposure, offering interesting dietary approaches to prevent skin 
wrinkles. 

1. Pomegranate fruit powder can be infused in oil and added to lip balm recipes and to 
facial masks as an anti-aging ingredient, to reduce swelling, and to promote healthy cell 
growth.   

2. Pomegranate fruit powder can be infused and added to lotion, cream soap, hair 
conditioner ointment recipes and scrub.  

3. Pomegranate seed oil is gaining increased attention by cosmeceutical manufacturers 
and aromatherapy industries due to its remarkable ability to nourish moisturize and 
repair the epidermis and improve skin elasticity.  

4. Pomegranate seed oil is commonly used in cosmetic products to revitalize dull or 
mature skin, assist with wrinkles, and to soothe minor skin irritations.  

5. It contains a high amount of conjugated fatty acids which have anti-inflammatory 
properties. Pomegranate oil is said to help with collagen production, acts as a free 
radical scavenger and boost restoration and repair of the skin. Use it in lip balms, cream, 
lotions and facial-serums. 

 
Pomegranate is recommended for cosmetic products with anti-inflammatory activity and for 
hair products  

Action  Active ingredient  Cosmetic application  

Sebaceous secretion  
 

Tannins gallic acid  Sebaceous secretion  

Regulator  
 

Ellagic acids Normal- hair product  

Antioxidant  Vitamins punicalagins  Anti-aging -Hair coloration protection 

Photo-protective 
 

Extract Sun products-Photo-protective products -Anti-
aging 

Anti-inflammatory Vitamin E , Zinc 
 
 

Soothing  Anti-inflammatory 
Sensitive skin  -Anti-dandruff 

Sources:  US National Library of Medicine 

CONCLUSION  
• Pomegranate seeds are rich in oil, which have hormone producing effects and stimulate 

estrogen hormone. It is also used to prepare cosmetics and moisturizing body lotion. 
• Powder prepared from rind is used as a tooth powder and also as medicine a cosmetic 

industries. Rind powder is excellent source of beta-carotene, potassium, phosphorous 
and calcium. The powder contains 16.5% polyphenols and 5.35% mineral matter. 

• Decoction of the flowers is used to relieve oral and throat inflammation. 
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• Pomegranate fruit has a high content of riboflavin, the B2 vitamin that normalizes the 
nervous system and is used against radiation sickness.  

• Besides the more defined benefits of pomegranate, there are numerous cosmetic 
benefits of the fruit as well. For example, consumption of pomegranate juice prevents 
the natural formation of plaque on your teeth. It has several other benefits on your skin 
and hair, therefore, adding pomegranate to your diet will do more benefits than you can 
count. So, don't be afraid to buy this slightly expensive fruit as the benefits far outweigh 
its cost. 

REFERENCES : 
[1]. Aruna P, Venkataramanamma D, Singh KA.,( 2016). Health Benefits of Punicic Acid: A 

Review. Comprehensive Reviews in Food Science and Food Safety 15:16- 27. 
[2]. FAO/WHO Energy and Protein Requirements. Report of a Joint FAO/WHO Expert 

Committee.,(1973). WHO Tech. Report Series 522, FAO Nutrition Meetings Report Series 
; 52:57-62 

[3]. Rafraf M, Hemmati S, Jafarabadi AM, Moghaddam A, Haghighian KM. Pomegranate 
(Punica Granatum L.) Peel Hydroalcoholic Extract Supplementation Reduces Pain and 
Improves Clinical Symptoms of Knee.,(2017). The Pharma Innovation Journal 
Osteoarthritis: A Randomized Double-Blind Placebo Controlled Study. Iranian Red 
Crescent Medical Journal. 19(1):377-385. 
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Management of sweet flag  (Achorus Calamus L.)  under wet land 
ecosystem of North Bihar 

Article id: 11254 
B. R. Jana, V. K. Gupta, and B.P. Bhatt. 

 

Sweet flag (Acorus calamus L. )  is one of the most important aquatic medicinal plant 
grown in India. It is believed to be originated in USA stretching from Florida to coastal 
areas to  North America.  In India and China it was cultivated as medicinal plant about 
2000 years ago. It is an important crop of family Acoraceae but recently placed in family 
Araceae. In India it is mainly cultivated in Karnataka (77%) rest of the production are 
from Tamilnadu,  U.P. and north Easter states like Manipur, Assam and Tripura. In north 
eastern states of India sweet flag is grown in swampy forest as wild. Sweet flag 
accounted for total production of 5725 qt/annum Rhizome of sweet flag .Now a days, it 
is being used in medicine for alleviating rheumatic pain and illness and used as 
aphrodisiac.  Apart from this essential oil extracted from leaves and rhizome is used as 
antibacterial, antifungal and anti-protozoan medicine. The essential oil content of 
rhizome has calamus oil (1.85 %) and is used in perfume industry in many American and 
Europeans countries. The essential oil of A. calamus was found to be effective against 
storage pest and root knot nematode larvae.  

 
Soil and climate: 
Sweet flag thrives well in almost all types of submerged and swampy with shallow depth of 
water. The warm humid climate with waterlogged soil is the best habitat for sweet flag. It was 
found that soil rich in organic matter/organic carbon responses positively to rhizome yield. 
Incorporation of sufficient organic matter as FYM or green manure resulted in better water 
holding capacity and more rhizome production. 
 
 

Cultivar: 
Bach Selection -1, It is collected from BAU campus Ranchi Jharkhand. It is vigorous cultivar 
having more tillering nature which causes maximum yield up to 16-18 qt/acre. It is also well 
adapted to subtropical and sub humid climate of Mithilanchal of North Bihar. 
Bach Selection-2. It is a semi domesticated sweet flag, collected from Pithoria areas of 
Jharkhand.  This cultivar is dwarf i.e. plant having less height and yield than Bach Selection-1 
Tumkur-1:   The best varieties from Tumkur district of Karnataka. It is high yielding cultivar 
produces >30.0  Q/acre  as compared to  traditional Bach cultivars.  
 
Field preparation:  
During the month of March, ploughing of the field done for   solarization   of the soil and  
destruction of soil born insect and pest too. Fields are puddle  after incorporating sufficient 
FYM /   green leaf manure  like Sesbania leaf ( Sesbania aculata) or karanz leaf (Pongamina 
piñata Pierre.) to facilitate impounding  as much of water in the Rhizophere. Best planting 
season for Mithilanchal area is second forthright of March when summer season onset. After 
planting 5 cm water depth is maintained to well settle the rhizome below the soil. After two 
months 10 cm water depth is maintained. 
 
Planting material and planting distance:  
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Best planting material is Rhizome of previous crop and size of the rhizome is generally 5-8cm 
long. Sweet flag can be propagated by seed also. Live shoot end that are growing horizontally 
under the grown   can taken from current season crop. For vigorous and improved cultivar 
planting distance is 45x 30 cm while for wild type and semi wild type cultivar should have 
planting distance of 30 cm x 30 cm. 
 
Integrated nutrient management: 
The crop must be well fertilized with NPK 45: 15:25 kg  /acre.  Higher dose (SSP) (P2O5)   and 
muriate of potash (MOP) are needed to improve the quality Rhizome production via organic 
and inorganic nitrogen metabolism. All fertilizer can be place as a basal dose but to get the 
maximum benefit of fertilizer efficiency, 2-3 spilt at two months interval after 60 days of 
planting is more effective application. Soil of Mithianchal is partially basic pH ranges from 6.8-
7.5 and shows Zn deficiency symptom through stunted growth by curling and bending of the 
leaves (fig-1). This deficiency is usually corrected by spraying of 2-3 % ZnSO4. The algae 
population for first six months can be checked by using CuSO4, 5H20 @ 4-5 kg/acre as single 
application at 3-4 month crop.  To avoid deficiency of potash in use of at lest 50 kg muriate of 
potash ( a.i. 30 kg K20)  should be added in the soil (Fig-2).  
 
Harvesting:   
When the leaf tip becomes yellow to brown and color of flower/spathe turn brown indicate the 
time of maturity of the crop: Rhizome which come on near the surface and about 30-50 cm long 
is harvested for quality rhizome production. Harvesting time of sweet flag in North Bihar is the 
month of Jan-Feb. For full maturity, the crop is ready for harvest with in 10-11 months.  After 
harvest crops are cut into pieces of 5-8 cm long and then sun dried for one day followed by 
beating and rubbing with an objective to removing scales and friable roots and inert materials 
adherence to Rhizome. 
 
Yield:   
The average yield of this crop is 16-18 Q/acre. With better horticultural practices and using 
suitable cultivar yield can be increased by 20 qt /acre. 
 
Diseases and pest Managements:  
Leaf spot:  ( Alternaria  spp.) 
No major diseases or pest are found to attack this crop.  At the late growing season  Alternaria  
leaf spot   are found discreetly or sporadically. This diseases can be best controlled by the 
application of carbendazim i.e. Bavistin 1g/lit in the month of September. 
 
Weed flora at North Bihar in Sweet flag : 
  Major weeds of the field of sweet flag  are algae population, Oxalis corniculata and Cyperus 
rotundas and other common grasses. Manual weeding is needed up to six months before the 
plants block the rows in a thick cover. 
 
Industrial use of sweet flag:  
The sun dried rhizomes of sweet flag content 1.85 per cent of calamus oil. The leaves are 
scented and contained numbers of volatiles in addition to calamus oil about 0.1 per cent. . It 
has been found that tetraploid and triploid cultivar contains higher amount of calamus oil than 
usual diploid. Occasionally sweet flag has been used as edible plants. The people of Indiana 
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(USA) roasted the rhizome and took as vegetables. The rhizome was also candied as a 
confection by Europian and American colonist.  Up until Second World War sweet flag was 
employed in North America to flavour the food products, tonics and tooth powders as scented 
ingredients. In recent years, the fragrant oil of sweet flag has been used in perfumes’ industry. 
The fragrant leaves are used as repellent of insect and pest of storage products. 

  
Tumkur-1:   Grown in Tumkur district of Karnataka ( Left) and RCM, Darbhanga, Bihar (Right). 

                                 
Fig-1: Zn deficiency: Deformed leaves                                   Fig-2: Young leaves drying from the margin: 

                                                                                                                      Deficiency of Potash 
 
Prospects:  
Sweet flag is a new crop in North Bihar.  It can be cultivated as companion crop with Makhana. 
It can be grown at periphery of the water pools and near the bund of Makhana field. It can also 
give additional income to the grower. It can be grown in neglected and abandon marshy area as 
mono crop.  Economic benefit of this crop is very good having B: C ratio of 1.51:1 or above as a 
mono crop.  Economic of sweet flag under North Bihar is given below (Table-1.): The 
productivity of fresh water sweet flag is 16 qt/acre which earn about Rs 56,000/- and cost of 
cultivation is approximately Rs 22,300/-. Sewage water rich in organic mater paves the way for 
more production. The National Biodiversity act of India, 202, promotes cultivation of medicinal 
plants especially those endangered, to conserve the wild sources. Sweet flag is such crop which 
is in the red list to have protection with immediate effect. It is effectively grown in industrial 
waste and used in bioremediation.  
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Table-1: Economics of sweet flag cultivation per acre /annum in waste and low land 
ecosystem of North Bihar.  

Serial 
number  

Items  and quantity: Total cost (aprox.) 

1  Planting material  Rhizome  100 bundles (each 
contains 400-450 pieces ) 

Rs. 3000 

2 Green leaf manure,  Karanz or Sesbania  3 Tonnes Rs. 1800 

3  FYM : Six Tonnes. Rs. 1500 

4 Fertilizer (NPK 45: 15: 25) Rs. 3000 

5 Man labours Rs 250/day for intercultural operation 
and disease and pest control. 

Rs. 4000 

6 Extraction of ground water during winter and 
summer months  with cost of electricity 

Rs. 6000 

7 Ploughing and puddling  for field preparation  Rs.2000 

8 Transportation cost for procuring and marketing (15 
km) 

Rs. 1000 

9 Total cost of Production Rs. 22,300 

10 Gross return 16 Qt x 3500 Rs. 56,000 

11 Net Return  Rs. 33,700 

12 B:C ratio(11-9) 1.51:1 
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Types of mulches and their uses in vegetable crops 
Article id: 11255 

K. Jyothi Reddy and Kanukuntla Vanitha 
Department of Vegetable Science, College of Horticulture, SKLTSHU, Rajendranagar, Hyderabad, 

Telangana, India 

INTRODUCTION  

The word mulch has been probably derived from the german word “molsch” means soft to 
decay, which apparently reffered to the use of straw and leaves by gardeners as a spread over 
the ground as mulch. Mulching is a practice of covering the surface of soil with an organic, 
inorganic or synthetic material to reduce evaporation and to moderate wide fluctuations in 
diurnal soil temperature especially in the root zone environment in order to make condition 
more favourable for plant growth, development and crop production. This material may be 
grown and maintained in place, or any material grown and modified before placement or any 
material processed or manufactured and transported before placement. Mulching is one 
cultural practice which can be used to addresses this problem. Many problems already 
generate these mulching materials and currently spend resources to dispose of them. Mulching 
using this waste is a cost effective practice which conserve water, moderate soil temperature, 
reduce waste and improve soil health. 
ADVANTAGES: 

 Regulate soil temperature. 

 Conserve soil moisture. 

 Control weeds. 

 Increase organic matter content in the soil. 

 Protect the soil from erosion. 

 Reduce the salinity by reducing evaporation. 

 Quality of product is increased. 

 Protect the plant and their produce from attack of insects and diseases. 

 Improve the soil structure. 

 Increase overall crop production. 
CLASSIFICATION OF MULCHES 

1. BASED ON PERMEABILITY: 

Permeable or penetrable Impermeable or impenetrable 

Cocoa bean shells 
Feather waste 
Grass clippings 
Gravel 
Hop waste 
Leaves and leaf mould 
Peat 
Sand 
Saw dust 
Stones 
Dust mulches 

Old carpet 
News paper and cardboard 
Plastic sheets 
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2.BASED ON CHEMICAL NATURE AND DEGRADATION: 

Organic mulches Inorganic mulches 

Compost mulch 
Peat 
Leaves and leaf mould 
Straw 
Saw dust and wood chippings 
Pine needles 
Newspaper and card board 
Husk 
Flax 
Hop waste 

Plastic mulches 
Gravel 
Stones 
Sand 

3.BASED ON OCCURANCE: 

Natural  Synthetic  

Compost mulch, Peat, Leaves and 
leaf mould, Straw, Saw dust and 
wood chippings 
Pine needles, News paper and 
cardboard.  
Husk, Hop waste, grass clippings, 
Sand, Stones, Gravel 

Plastic mulches 
Rubber mulch 

 

4. BASED ON PERIOD OF MULCHING: 

Temporary mulching Permanent mulching 

 In this ground is kept covered for some 
time only. 

 Mulch is  made of green or dried leaf litter, 
straw, etc. 

 They can be put on the soil during the 
fallow period, or mixed with compost and 
ploughed in. 

 It can also be mulched after crops have 
been planted. E.g.: Potatoes, garlic, onions  

 The mulch will rot as the crops ripen.  

 Mix the mulch with the soil by ploughing 
or digging in, after the crop has been 
harvested 

 

 Soil is kept covered for longer period 
with same mulch  

 Permanent mulch can be prepared in 
three layers: 
First layer- well rotted compost,  
Second layer-semi decomposed 
biomass 
Third layer- a thick layer of fresh 
biomass (Added twice a year) 

 After preparation of permanent mulch 
seed and seedlings are planted. 

 As the third layer of fresh biomass 
decomposes, new fresh biomass is 
added. Generally it is added twice a 
year. 

 But the soil never needs to be dug 
unlike in case of temporary mulch 
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Sl.no Name of mulch Origin  Merits  Demerits  

1. Compost mulch Decomposition of 
farm wastes 

High water holding 
capacity applied in 
sandy soils, add 
nutrients to soil 

When applied in autumn 
leaching of nutrients occur 

2. Peat moss mulch Decomposed matter 
of aquatic bog moss 
vegetation 

Attractive and easy to 
handle 

Expensive and have acidic 
pH 

3. Peat mulch Decomposed matter 
of aquatic 
vegetation 

Have good moisture 
holding capacity 

Do not have any nutrient 
value 

4. Flax mulch Straw is grounded 
and composted with 
bark 

Rich in potassium Low nutrient value 

5. Pine bark and 
needles 

Pine tree Good for weed control 
in vegetable crops 

May attract termites 

6. Leaves and leaf 
mould 

Leaves from many 
plants 

Add nutrients upon 
decomposition 

Spread pests and diseases, 
some are phytotoxic  

7. Cocoa bean shells Shells of cocoa 
beans 

Attractive, light weight Prone to caking, has 
offensive odour 

8. Hope waste Similar to bark Light in weight Low nutreint value 

9. Feather waste From poultry forms Cheap  Spread diseases,easily 
blown away by wind, has 
bad odour in wet climate 

10. Straw  
 

Dried leaves and 
stem of paddy 

Cheap, easy to 
apply,mostly used in 
vegetable nurseries 

Do not add nutrients to 
soil 

11. Saw dust Timber industry Attractive and easy to 
apply 

Cause nitrogen robbery 

12. Wood chippings Timber industry Attractive and easy to 
apply 

Attract termites, cause 
nitrogen loss 

13. Grass clippings After mowing lawn Adds nutrients upon 
decomposition 

Results in smell rotting 
masses 

14. Husk Paddy or groundnut 
shells 

Cheap Easily blown away by wind 

15. Sand mulch Weathering of rocks Cheap, provides good 
aeration 

No nutrient value 

16. Stones  Weathering of rocks Cheap, sharp edges 
discourage slugs and 
snails 

No nutrient value 

17. Gravel  Weathering of rocks Long lasting, cheap, 
provide good aeration 
and drainage 

Contain lime or salt 

18. Newspaper and 
cardboard 

Paper industry Cheap, easily available, Blown away by 
wind,coloured papers are 

 Types of organic and inorganic mulches with merits and demerits. 
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PLASTIC MULCHES: 

 These are readily available 

 They are economical enough to be used on large scale 

 Most versatile and available in different colours, thickness and widths. 

 Polythene allows the passage of gases such as nitrogen, oxygen, and carbon dioxide. 

 Holes or slits facilitate the planting of seeds and water entry. 

 These are made from LDP(Low Density polyethylene) or LLDP(Linear Low Density 

Polyethylene) 

 The main advantage is they can be reused. 

 

TYPES OF PLASTIC MULCHES: 

1. BLACK MULCHES: 

 They absorb most of the solar radiation striking it, and keeps the soil warm. 

 It does not allow the sunlight to enter thereby reduce weed growth. 

2. CLEAR AND TRANSPERANT MULCHES: 

 These are quite useful in solarization of soil. 

 But weed growth is main problem. 

 However weeds can be controlled by giving a herbicide coating on the lower side of the 

film. 

3. TWO SIDE COLOURED MULCHES: 

 These are designed to absorb specific wavelength of light, which changes the spectrum of 

light passing through it. This changed light has marked effect on growth  

  

 

 

toxic 

1`9. Plastic mulches Made from Low 
density or linear low 
density poly 
ethylene 

Very effective in 
regulating soil 
temperature, available 
in different colours and 
thickness, Reused 

Do not add any nutrients, 
take longer time for 
decomposition 

Types of mulches  Advantages  

Yellow-black 
mulches 

Attract some insects. 
 

Red-black mulches Partially translucent allowing the radiation to pass through it and reflects 
it into plant canopy but by changing the R:FR Ratio, which has beneficial 
effect on plant growth and development of plant. 

White-black mulches Cools the soil 

Blue-black mulches Increase soil temperature and change light quality 

Silver-black mulches Cool the soil and repel thrips and aphids 
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4. BIODEGRADABLE MULCHES: 

BIODEGRADABLE MULCHES: 

 Mulch film disintegrates under natural environmental conditions and mixed with soil after 

certain period. 

PHOTODEGRADABLE MULCHES: 

 Mulch film disintegrated in sunlight after designated mulching period 

 

SELECTION OF PLASTIC MULCHES: 

CONDITIONS TYPE OF MULCH REQUIRED 

Solarisation Thin, transparent film 

Rainy season Perforated film 

Weed control Black film 

Saline water use Black film 

Summer season White film 

Insect repellent Silver coloured film 

Increase soil temperature Black and red 

WIDTH OF THE FILM: 

 The width of film should be such that, it cannot interfere with agronomic practices. 

 Generally a width of 90cm or 120 cm is used. 

THICKNESS OF THE FILM: 

 20-25 microns-Annuals 

 40-50 microns-Biennials 

 50-100 microns-Perennials 

TIME OF MULCH APPLICATION: 

 In case of cold climates it is applied in late spring, after the soil is warmed sufficiently. 

 In case of hot climates, it is applied in early spring in order to hold whole moisture from 

winter. 

Extent of surface area to be covered under the film: 

% coverage  Crops recommended  

20-25  All creepers  

40-50  Initial stage of orchard crops  

40-60  Cucurbits  

70-80  Vegetables  
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Steps involved in application of plastic mulches: 

1. Prepare the thoroughly by ploughing. 

2. Remove any weeds and apply basal dose of organic mulches and fertilizers.  

3.Give light irrigation. 

4. Preparation of beds. 

 

 Now a days several machines are available for the preparation of beds like rotavator etc. 

 First, the soil is raised in one operation and then the beds are compressed according to the 

soil condition and type. 

 The beds should be spaced with their centres 1.5 to 1.8 m apart depending on the 

equipment. 

 A bed should be 8-10 cm high and 80-90cm wide slopes from the centre to edge of 3cm is 

commonly used for commercial vegetable production. 

 

5.Laying of drip lines 

 Drip irrigation is the most effective and suitable method of irrigation under mulched crop. 

 The drip lines are made after preparation of beds with the help of tractor or manually as per 

need of vegetable crop. 

 Single line drip line-Tomato, Egg plant, and cucurbits. 

 Double line drip lines-cole crops 

 Three drip lines-onion, garlic. 

 

6. Laying of mulch 

 The plastic mulches can be laid with the help of tractor drawn machine or manually. 

 In case of application with machine, press wheels hold plastic firmly againt the beds and 

the covering discs place half way up the side of the beds but not on top of it. 

 It can be covered manually in a way that two persons can hold the plastic roll with the 

help of a pipe and two persons can press the plastic by putting soil with spades. 

7.Holes should be punched exactly on drippers at the required planting distance. 

8. The seedlings are transplanted accordingly. 

9. Finally after harvesting the crop, the mulch is removed. 

 

Drawbacks of plastic mulches: 

 Removal and disposal is a problem 

 High cost of laying mulch 

 Do not add any nutrients to soil unlike organic mulches  

 

 

 

 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

207 
 
 

Important considerations followed during mulching 

Thickness of mulch: 

 The amount of mulch applied depends upon the texture and density of the mulch material. 

 Many wood and bark mulches are composed of fine particles, and hence the thickness of 

the mulch should not be more than5-7.5 cm since the excessive amount of these fine 

textured mulches can suffocate the plant roots. 

 Coarse textured mulches such as pine bark nuggets allow good air movement through them 

and can be as deep as 10 cm. 

 The mulches composed of grass clippings or shredded leaves should never be deeper than 5 

cm because these mulches tend to mat together, restricting the water and air supply to 

plant roots. 

 

Calculation of amount of mulch required: 

 First the surface area of should be calculated. 

 Then it is multiplied with desired depth of coverage (in inches) 

 Finally it is divided by 324 square feet. 

 This will give how much cubic yard of mulch is needed. 

 
Disadvantages of mulching: 

 It may encourage fungal growth. 

 Mulch toxicity may occur due to toxic substance released by microbes due to anaerobic 

conditions. 

 Increase management practices 

 Dry and plastic mulches are highly inflammable. 

 Organic mulches may carry pest and disease causing organisms.  

 Some organic mulches have allelopathic effect on crops 

 Heavy mulching over a period of time may result in build-up of soil in crown area of 

plant. 

 
Precautions to be taken while mulching: 

 Mulch should not be applied very near to plant. 

 Do not mulch immediately after heavy irrigation. 

 Apply proper mulch at proper depth only. 

 Plastic films not to be laid during hottest part of the day and should not be stretched 

heavily. 

 Avoid applying too thick or thin mulch. 

 Apply fully decomposed organic mulches only. 
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The effects of synthetic and organic mulches on vegetable crops  

Sl.no  crops  Mulch material  Biological effect  Environmental effect  

1.  Pepper  Black plastic  Early flowering, and high yield  Increased soil temperature 

2.  Muskmelon  Black plastic  Increased early yield Increased soil temperature  

3.  Watermelon  Black plastic  Early flowering, high yield , 
increased RGR,LAI 

Reduced weeds. conserve 
soil moisture  

4.  Tomato  straw  Increased mean yield  Decreased soil 
temperature 

Clear plastic  More flowers. high yield, high 
shoot K,Ca,N,P Content  

Increased soil temperature 

Black plastic  High yield  High soil nitrogen  

Red and black  Timing and magnitude of yield  Increased photoactive 
radiation and root zone 
depth 

White plastic  Increased yield  Lowers soil temperature  

5.  Brinjal  Black and white  Increased mean yield  Moderated the 
hydrothermal regime of 
soil 

straw  Increased mean yield  Regulate temperature 

6.  Okra  straw  Increased mean yield  Decreased soil 
temperature 

7.  Cluster bean  straw  Increased mean yield  Decreased soil 
temperature  

8.  Pumpkin  straw  Reduced weed growth, 
increased yield  

Lower soil temperature  

 
CONCLUSION: 
Under plastic mulch, soil properties like soil temperature, moisture content, bulk density, 
aggregate stability and nutrient availability improved. Plant growth and yield are also positively 
influenced by the plastic mulch due to the modification of soil micro climate. Even though it has 
many advantages, high initial cost, removal and disposal of plastic materials are some of the 
limitations experienced by the farmers. To overcome these limitations photo and 
biodegradable plastic mulches can be effectively used for sustaining the productivity as well as 
controlling environmental pollution due to the use of plastics, 
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INTRODUCTION 
Rice (Oryza sativa L.) is one of the most important cereal crops in the world, providing 

food for nearly half of the global population. It is the most food for more than half of the 
world’s population and supplies 52-76% of the total calories consumed by the population of 
such countries as Bangladesh, Cambodia, Indonesia, Myanmar and Vietnam and 30% in India 
and China (Maclean et al., 2002). It is used as a food for more than two billion people in 
developing countries of Asia. It is the staple food crop of India, providing 30 per cent of caloric 
requirement for more than 70 per cent of Indian population. India is one of the major rice 
growing countries and it leads the world in area with 43.38 million hectare with production of 
104.32 million tonnes (Anonymous 2017). Rice crop requires warm and humid environment 
that also conducive for survival and proliferation of many insect pests, diseases and weeds the 
major constraints in enhancing rice productivity (Behura et al., 2011).  

Insects and pests  
Rice crops are vulnerable to attacked by a number of insects like terrestrial arthropods 

and non-rice pest insects in rice ecosystems, causing further concerns (Thongphak et al., 2012). 
About 800 insect pest species associate with rice in worldwide, of which around 100 species 
attack rice while rest are considered friendly insects. Among these 100 insect pests, 20 insect 
cause economic damage to the rice crop directly or act as vector in disease transfer (Pathak and 
Khan, 1994). In India the important insect-pests are yellow stem borer, leaf folder, gall midge, 
brown plant hopper, and leaf hopper, brown plant hopper, and rice gundhi bug are major 
causes of rice yield losses (Sardesai et al., 2001).  

Yellow stem borer, Scirpophaga incertulas (Walk.) attack the crop right from seedling 
stage till harvest and cause complete loss of affected tillers (Salim & Masih, 1987). In Asia, yield 
losses due to the two most important species, the yellow and striped stem borers range from 1-
20%. However, during outbreak conditions, yield losses may range from 30 to 100%. Farmers  
depend  upon  a  great  deal of insecticide applications, even though a lot of insecticide 
applications are  not effectual  (Sarwar  et  al., 2005). 

The larvae of rice leaf folder feed on rice leaves, damage the photosynthesis of the 
leaves, resulting in the reduction of rice yield. When rice was damaged by rice leaf folder, the 
leaves were folded and the mesophyll was eaten up, which caused the loss of output by 20% to 
30% generally (Shepard et al., 1995). The larvae fold the leaves and scrape the green tissues of 
the leaves and cause scorching and leaf drying. The yield loss caused by leaf folder reported to 
the extent of 5 to 25 per cent (Kulgagod et al., 2011).  

There are sucking pests like Brown plant hopper, Nilaparvata lugens (Stål.) (Hemiptera: 
Delphacidae); Green leaf hopper Nephotettix virescens (Distant) (Hemiptera: Cicadellidae), Rice 
gundhi Bug, Leptocorisa acuta (Thunberg) (Hemiptera: Coridae) which cause damage by sucking 
cell sap. Among the biotic stresses, the brown  plant hopper (BPH) Nilaparvata lugens (Stal.) is 
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one of  the most destructive monophagous insect pest, one of  the main biotic constraint of rice 
productivity causing  huge yield losses every year in rice grown throughout tropical, subtropical 
and temperate areas in Asia (Park et al., 2008).  BPH can consume more than 28% of the total 
dry matter of rice plants infested at reproductive stage (Sogawa et al., 1994). BPH also 
transmits serious viral diseases, such as grassy stunt and ragged stunt virus. Rice gundhi bug 
infestation results in the discoloration of the panicles and the formation of partially or fully 
empty grain (Israel and Rao, 1961). Gundhi bug induced loss may range up to 25-35 per cent 
and it may extend up to 40 per cent depending on agro ecological situations (Rao and 
Kulshreshta, 1985). 

Diseases 
Beside the insect pests and weed, disease infections on rice plant also are one of the 

major causes of crop yield declination. The most important one is diseases of rice, viz, sheath 
blight, bacterial blight, rice blast, brown spot, narrow brown spot, bacterial leaf streak, and 
grassy stunt. 
Bacterial blight: Bacterial blight is caused by Xanthomonas oryzae pv. oryzae (Xoo). The 
symptoms of bacterial blight can be seen during the seedling stage in the form of grayish-green 
rolled leaves which turn yellow as the disease progresses. As the disease progresses further, the 
yellow color changes to straw-colored wilt leaves and ultimately the death of whole seedlings. 
Bacterial blight mostly occurs in tropical and temperate regions of the world, especially in 
irrigated and rainfed areas when strong winds are coupled with heavy rains. Blight is the most 
destructive rice disease in Asia and resulted in a historic epidemic in India during the late 1970s.  

Sheath blight: Sheath blight is a fungal disease caused by Rhizoctonia solani. The symptoms of 
sheath blight can be observed in temperate, tropical, and subtropical regions on rice crops from 
tillering to milk stages. According to the IRRI report sheath blight causes a yield loss of about 6% 
across lowland rice areas in tropical Asia. 

Rice blast: Rice blast is a fungal disease caused by Pyricularia grisea. Like other fungal diseases 
rice blast causes severe damage, usually during the seedling stage. Rice blast is a major threat 
to rice as it reduces the rice yield by 30% globally, the equivalent of feeding 60 million people. 
The pathogen has been reported to attack almost all parts of the plant, including the leaf collar, 
leaf blade, stem, and panicle. Losses due to plant infections may reach 50% or more (Khush and 
Jena, 2009), and the cost of its mitigation via fungicide application can reach over $70 ha Rice 
blast is capable of 100% yield loss in rice; however the information about the intensity of actual 
losses were recorded as 5-10%  in India (1960-61). 

Rice yellow mottle virus: Rice yellow mottle virus (RYMV) is a plant viral disease. RYMV results 
in yellow leaves with alternating yellow and green stripes, stunting, reduced tillering, leaf 
mottle with yellow stripes, incomplete panicle exertions, and spikelet sterility. RYMV is 
transferred spontaneously by insects (entomophily) from an infested plant to a healthy plant, 
or through contact between infected and healthy plants. Infestation in rice fields can be 
observed by the presence of yellow patches. 

Sheath Rot: Sheath rot is a fungal disease usually associated with a virus disease infection. The 
disease is identified by rotting growing panicles being incompletely exerted with numerous 
empty grains. Stem borers are the main vectors of sheath rot spread in infected plants.  



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

211 
 
 

Brown Spot: Brown spot is a fungal disease and can be identified as oval symptoms on leaves. 
The fungi can infect both seedlings and mature plants. The disease is caused by Bipolaris 
oryzae, Cochilobolusmiya beans. Basically it is a seedling disease, but can also infect both leaves 
and panicles in rice. The seedling grown from infested seeds can cause about 50% seedling 
mortality and also suffer with blight. A major epidemic of brown spot was observed in Bengal 
during 1942, the “Great Bengal Famine,” which resulted yield losses from 50-90% and resulted 
in the death of two million people.  

Weeds  

Rice fields may have a variety of weeds, often from the previous year’s seed, rhizomes, 
tubers, and bulbs surviving in the soil. The presence of weeds in a rice field is greatly influenced 
by cultural practices like, continuous planting of rice on the same piece of land. Such 
continuous growing and unchanged cultural system encourages the adapted weed to grow. 
Perennial weeds can be observed in non-tilled rice fields. Comparatively, crop rotations 
encourage a variant flora of weeds to grow. Three types of weeds are found in rice fields, 
grasses, sedges, and broad-leaved weeds. In grass weeds we have Echinochloa colonum, 
Echinochloa crussgalli, Setaria glauca, Digitaria longifolia, Dactyloctenium aegyptiacum, and 
Cynodon dactylon. Cyperus rotundus, Cyperus iria, Cyperus difformis, and Fimbristylis milliaceae 
are included in sedges. Broad-leaved weeds of rice include, Ecliptaalba, Commelina 
benghalensis, Sphenoclea zeylanica, Ludwigia parviflora, Monochoria vaginalis, Monochoria 
vaginalis, and Aegetarum conyzoides. Just like insects, pests, and diseases, weeds are also 
major constrains in achieving high yields (Savary et al., 2000).  

Generally the yield losses are due to the assembly of many weeds present in crop, and it 
is difficult to differentiate them substantially in competitive ability (Weaver and Ivany, 1998). 
Therefore, an evaluation of weed species’ relative importance in response to yield reduction is 
not easy. According to Mondal et al. (2017), the overall production loss due to pests in India is 
33%, whereas weeds caused 12.5% production losses. They also observed that the density of 
weeds in transplanted summer rice was normally higher than that of kharif rice. The major 
impact of weeds on rice crops include increased production cost, serving as hosts for rice pests, 
effect rice harvesting and its quality, aquatic weed problem, social costs, and rice weed 
competition. It has been reported that cost on controlling rice weeds like, herbicides and 
cultural and mechanical practices and hand weeding are expected to be about 15% of the world 
rice production. Weeds not only increase the social and harvesting cost, but also provide food, 
shelter, and reproduction sites for insects, nematodes, and rodents. This means that by 
removing weeds, we are indirectly removing secondary hosts for pest.  

CONCLUSION 

To satisfy the growing demand of rice in the future, scientists initiated various rice 
biotechnological advancement programs and some further categorizations, like biotic 
limitations, were identified. In short, these biotic, restrict rice adoption to improved 
technologies and create hurdles to obtain higher potential yields. Thus, there is a need for 
integrated approaches for nullifying these constrains. By summarizing these production 
limitations, we will be able to understand the reasons for low rice productivity in the present 
and the future. 
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Mutation breeding is the most important possible routes to broadening genetic variation in 
crop species under bottle neck conditions.(Erskine et al.1998).Natural mutants have played as 
important role in creating variability in many of the species. Mutagenesis is defined as it is a 
process by which the genetic information of an organism is changed in a stable manner, either 
in nature or artificially by the use of chemicals or irradiation.Among the breeding programme, 
mutation is one of the most important methods adopted by plant breeders to create variability 
in a number of species. 
 
Types of mutation 
1. Gene mutation: Change in single base pair in a nucleotide sequence is substituted by another 
base pair. If purine or pyrimidine  is substituted by a same group  then it is called transition, if 
purine or pyrimidine group is substituted by another group then it is called transversion. 
2. Chromosome mutation: Splitting and subsequent change in structure of chromosomes. 
3. Genome mutation: Change in sets of chromosomes. 
4. Cytoplasmic mutation: Mutant character shows cytoplasmic inheritance. 
5. Bud mutation: Mutations occurring in bud or somatic tissues. If mutation occurs in any one 
of the actively dividing meristematic tissues, the branch arising from them, expresses the 
mutant character if it is dominant and this phenomenon is known as bud mutation. 
6. Spontaneous mutations: These are naturally occurring mutations, which arise somatically. 
They arise in nature continuously without any human control and create variability which forms 
the basis of conventional crop breeding methods. Their frequency is extremely low (one in a 
million). 
7. Induced mutations: Contrary to spontaneous mutations, these are induced by using various 
agents. Physical or chemical agents, which cause mutation, are known as mutagens or 
mutagenic agents. 
 
Mutation breeding: The genetic improvement of crop plants for various economic traits 
through the use of induced mutation is referred as mutation breeding. 
 
Mutation breeding is successful when… 
• Desired variability exhausts in cultivated species and germplasm.  
• When a desirable variety has an oligogenic genetic defect.  
• There is tight linkage between desirable and undesirable traits. 
• Only one or two characters are to be improved in a fruit crop without changing its taste. 
• Crop does not have sexuality, thus lacks variability.  
• The generation cycle is very long, such as fruit trees. 
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Role of mutagenesis in fruit crops: 
1. Anthocyanin in fruit skin-  Anthocynin is a colouring pigment, which is responsible for the 
red colour of fruit skin and flesh. The fruits become more attractive and preferred by 
consumers. It is Well adopted for improvement in apple, pear and citrus cultivars. 
2. Self incompatibility- Failiure of a fertile pollen to fertilise stigma of same plant.We can also 
manage this problem by planting pollinizers in orchards but it increases the cost of cultivation. 
The cost effective method is genetic modification of a pollen, hence the pollens were treated 
with gamma radiations. Mutagen treated pollen germinates on incompatible stigma and 
penetrates inside the ovule. It increases the fruit set percentage and finally the yield will 
increase. Ex: Sweet cherry- Stella, Compact Stella.  Apple -Cox's Orange Pippin 
3. Compact growth-  In apple, crossing the adventitious bud induced mutants with normal 
cultivars has resulted in Dwarf types. In papaya, a dwarf variety Pusa Nanha was developed 
similarly a cultivar “Compact Stella”  of cherry was released which is having compact growth 
habit. Compact Stella is a heavy and regular bearer of large dark red fruit of heart shape. Firm 
light red fleshed fruit glistens in time for Christmas picking. Tree is smaller growing (3m) and 
hardy. 
4. Disease resistance- Gold Nijisseiki" is a new Japanese pear cultivar released by the Institute 
of Radiation Breeding, NIAR, MAFF. "Gold Nijisseiki" is a mutant of "Nijisseiki" induced by 
chronic irradiation of gamma-rays. It is resistant to the black spot disease of Japanese pear 
which is caused by Alternaria alternata Japanese pear pathotype. Other agronomic 
characteristics of "Gold Nijisseiki" are the same as those of the original "Nijisseiki", except for a 
slightly later harvest time. 
5. Polyploidy- Tetraploid plants of a Japanese pear cultivar (Pyrus pyrifolia N.) were induced 
using an in vitro colchicine treatment. Proliferating shoots were transferred to a shoot 
proliferation medium (SPM) containing 0.1% or 0.01% colchicine, incubated for 1, 2, 4 or 8 days, 
then transferred to fresh SPM. The ploidy level of the colchicine-treated individuals was 
analysed by flow cytometry. Four months after colchicine treatment four mixoploids were 
selected and cultured on SPM for a further 5 months. The ploidy level of the proliferated shoots 
derived from selected mixoploids was analysed, and five tetraploid shoots were selected. The 
selected tetraploid shoots were rooted, and potted plants were Colour spots of delicious, Mc 
Intosh and citrus rind colour grown in a greenhouse. The stomata of tetraploid plants were 
found to be longer than those in diploid plants. 
6. Seedlessness: Citrus  spp -  X ray, thermal neutron and gamma ray is the main mutagen 
source in irradiation for seedless breeding. The materials for irradiation are budwood and 
sometimes seeds. The working dosage for irradiation are 20-60Gy for bud woods and about 
100Gy for seeds (Ling et.al:2008).By seed irradiation with thermal neutron,an important 
seedless grape fruit cultivar star ruby was obtained. 
 
Table 1.Natural mutants of fruit crops 

Crop Mutant Parent 

Mango Rosica Rosado-di-eca 

 Davis Haden Haden 

 Dashehari-51 Dashehari 

Banana High Gate Gross Michel 

 Motta Poovan Poovan 

 Ayranka Rasthali Silk Banana 

 Barahari Malbhog Malbhog 
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 Limitations of Mutation Breeding :  

 The frequency of desirable mutation is very low, about 0.1% of the total mutations. 

 The breeder has to screen large populations to select desirable mutations. 

 Desirable mutations are commonly associated with undesirable side effects due to other 
mutations, chromosomal aberrations etc. 

 Often mutation produces pleiotropic effects. 

 There may be problems in the registration of a mutant variety. 

 Most of the mutations are recessive. 
 
CONCLUSION : Mutation is the shortcut way for genetic improvement of fruit crops.It is an 
effective tool for creation of variability when variability in crop species exhausted.Some of the 
mutation breeding techniques used in crop improvement are summarized as follows.1) By 
treating the seeds with 0.2% EMS in in-vitro conditions increases the seedling height and 
internodal length of citrus jambhiri seedlings. 2)When seeds of Pusa dwarf variety of papaya 
treated with EMS@500ppm it reduces plant height by 20 to 30% without affecting the 
yield.3)Irradiating the guava shoot tips with 0.15-0.2KGy increases the number of fruits , fruit 
size and fruit weight.4)In grape fruit seedless variety star ruby was developed by irradiation of 
seeds with thermal neutron.5)In pear black spot resistance variety gold nijuseeiki was 
developed from nijuseeiki. 
 
REFERENCES: 
[1]. Anonymus. 2009.Induced mutation in tropical fruit trees. Plant breeding and genetics 

section,IAEA  Austria. 
[2]. Rajbhar P.Y.,S. LAL ,M.G. Singh ,Anil kumar and S.S. Ullah  2014. Studies on effect of EMS on 

Papaya (Carica papaya L)seeds under in vitro culture. International journal of agriculture 
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[3]. Sutarto R,G.S.Khattak,T.Mohammad,S.A.Shah,A.J.Khan and N.Ali. 2009. Guav (Psidium 
guajava L) improvement using in vivo and in vitro induce mutagenesis.Pak.J.Bot.,35(5):825-
828. 

 

 

 

 

 Krisha Vazhai Virupakshi 

Citrus (Pummelo) Ruby Thompson 

 Marsh Seedless Marsh 

 Thompson Marsh 

Grapes Tas-A-Ganesh Thompson seedless 

 Sonaka Thompson seedless 

 Dil Kush Anab-e-shahi 

 Marvel seedless Delight 

Apple Red Elstar Elstar 
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 The health benefits of curry leaves supply of essential vitamins, minerals and 
antioxidants, it is good for eyesight, effective against gastro-intestinal disorders, remedy for 
diarrhea and dysentery, offer liver protection, has neuroprotective properties and helps in 
building the immune system. 
 Curry leaves come from Curry tree which is a native plant to India and Sri Lanka. The 
leaves of this plant are put in various curries and the name curry leaves just stuck with it. The 
scientific name of this plant is MurrayaKoenigii. The leaves of this plant resemble neem 
orIndian Lilac and the traditional name of curry plant means ‘sweet neem'. 
 

 Curry leaves are about 1 cm across and 1 
inch in length and a handful of them are added 
to most curries. They add a unique flavor and 
taste to the curry.Apart from being a seasoning 
in the cuisine of Indian sub-continent, curry 
leaves are also known for their medicinal usage 
for many thousands of years. Ayurveda, one of 
the world'soldest known medicinal sciences has 
been using not just the leaves, but the whole 
plant as a cure for various diseases. 
 
Nutrition of curry leaves 
According to the Spices Board of India the Ministry of Commerce and Industry. Government of 
India, the nutrition found in curry leaves include 
 

Nutrition Value per 100 g Nutrition Value per 100 g 

Moisture 63 g Protein 6.1 g 

Fat 1 g Minerals 4g 

Fiber 6g Carbohydrates 18g 

Energy 108 kcal Calcium 830 mg 

Phosphorus 57 mg Iron 0.93 mg 

Magnesium 44 mg Copper 0.1 mg 

Manganese 0.15 mg Zinc 0.2 mg 

Chromium 0.006 mg Vitamin A 7560 pg 

Thiamine 0.08 mg Riboflavin 021 mg 

Niacin 2.3 mg Folic Acid 93.9 pg 

Vitamin C 4 mg    
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ABSTRACT 
Nowadays, people pay more and more attention towards their health. Fruit 

consumption is increasing due to not only their good taste and appearance, but also the health 
benefits from their vital components such as phenolics, polysaccharides, proteins, vitamins and 
minerals. Increasing consumer demand for high quality fruits has need to develop and adopt 
advanced technologies in post-harvest in terms of growing demand for quality products. In this 
context, the acquisition of new knowledge in the field of non-destructive evaluation of the 
quality of fruit is extremely important. Today, measuring the quantity and quality of fruit 
without any injuries has a special position in post-harvesting and processing of fruit. In this 
regard, various nondestructive methods have been developed to detect internal properties of 
fruit crops which many of them come to the practical application as used in the grading system. 

In recent years non-destructive methods of fruit quality assessment have get 
momentum. Most of these methods are based on optical, vibrational, transmission, an 
electrical etc. characteristic which are subsequently correlated with various physico-chemical 
quality parameters (Khalifa et al., 2011).Therefore, several non-destructive analytical methods 
have been developed for determination of quality parameters such as TSS, acidity, firmness, 
defects, internal insect-pest injury etc. including X-ray computed tomography (CT scan), 
hyperspectral imaging, near infrared (NIR) spectroscopy, ultrasonic, magnetic resonance 
imaging (MRI) and electronic nose. (Li et al., 2016). 
 
INTRODUCTION: Consumers purchase fruits on the basis of quality. Quality is defined as the 
degree of excellence or superiority. Quality of fruits is a combination of characteristics, 
attributes and properties that have significance and make for acceptability. Acceptability is 
depended on highly subjective factors including sight, touch, smell, taste, and even hearing. The 
various components of quality are used to evaluate fruits and vegetables. Quality is classified 
into external and internal component as shown in Table below. 
 

Component of Quality 

External quality Size (weight, volume, dimension) 

Shape (diameter / depth ratio) 

Colour (uniformity, intensity) 

Defects (bruise, stab, spot) 

Internal quality Flavor Sweetness, Sourness, Astringency,  

Texture Firmness, Crispness, Juiciness 

Nutrition Carbohydrates, Proteins, Vitamins 

Defects Internal cavity, Water core, Frost damage, Rotten 

Quality Evaluation Technology: Quality evaluation methods can be the destructive and non-
destructive. They include both objective methods based on instrument reading and subjective 
methods on human judgment. Quality can be judge by five senses such as touch, sight, smell, 
taste and hearing. 
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Particulars Destructive Non-destructive 

Purpose To analyse properties and not 
defects 

Used to find properties of material and 
to find defects 

Specimen Damaged during test Not damage during test 

Defects Cannot be found Found by using NDT 

Examples Refractometer, Titration, 
Penetrometer 

X-ray, Ultrasonic, NIR 
spectroscopy, MRI 

 
What is non destructive method? quality evaluation of fruits without damaging fruit sample 
have been developed to detect internal properties of crops which many of them come to the 
practical application as used in the grading system. 
Why non- destructive methods? 
The first and most important reason for using nondestructive method is export rejection. If 
growers cannot fulfill the quarantine needs and meet their quality requirement, the export 
consignment may reject. From consignment randomly a sample of fruit is taken to estimate the 
quality of batch, but the sample may not ensure the quality of whole batch. Other reasons are 
sample not destroyed, quick and almost instantaneous, simultaneously determination of many 
parameters, online application for bulk handling etc. 
Analytical methods: Various analytical methods are available for determination of quality 
related components using optics, X-ray, mechanics, and electromagnetic (Table below). 
 

Scientific basis Method used Measurable features 

Optical Image processing Size, Shape, Colour, Outward defects 

Spectroscopic reflectance, 
Transmission and absorption, 
Laser spectroscopy 

Sugar, Acidity, Soluble solid content, color, 
Internal and external defects, Stiffness 

X-Ray Imaging X-Ray And CT The inner cavity structure, The degree of 
maturity 

Electromagnetic MRI, NMR and NIR Sugar, Moisture content, The inner cavity 

Chemical E-nose, E-tongue Acidity, Sugar 

Mechanical Vibrational excitation Stiffness, Viscoelasticity, The degree of 
maturity 

Sound and ultrasound Stiffness, Viscoelasticity, Internal cavity, 
Density, Sugar 

 
 Indian Laboratories using NDT 

Sl. 
No. 

Place Work on Source 

1. CIPHET, 
Ludhiana 

Development of Nondestructive 
Systems for Evaluation of Microbial 
and Physico-Chemical Quality 
Parameters of Mango. 

www.ciphet.in/staffDetail.as
p?di d=1&id=2 

2. CEERI, Pilani( 
RJ) 
Chennai (TN) 

Development of Non destructive 
Systems for detection of internal 
defects in mango. 

www.csirmadrascomplex.go
v.in/ ceeri.html 

http://www.ciphet.in/staffDetail.asp?di
http://www.ciphet.in/staffDetail.asp?di
http://www.csirmadrascomplex.gov.in/
http://www.csirmadrascomplex.gov.in/
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3. CIAE- Bhopal Evaluation Of X-Ray, Computed 
Tomography (CT) And Magnetic 
Resonance Imaging (MRI) For Detecting 
The Internal Disorders 

http://www.ciae.nic.in/ 

 
LIMITATIONS ; 

 High cost restricts application to large entrepreneurs and developed countries only. 
 Handling requires scientific knowledge. 
 The technique is application specific i.e. calibration experiments have to be carried out 

for each new experiment. 
FUTURE TENDENCIES:  

 The future lies in the fusion of different methods to provide systems that gives more 
global information on each fruit. 

 Integration of such methods should ensure consumer purchase quality product. 
 There is a need for a concerted effort by various Indian research institutes for 

accelerated development of low cost non-destructive methods for quality evaluation of 
major fruits of India in order to have major share in the world market. 

CONCLUSION:  
  NDM provides constitutional variation of the fruits. 
 Their accurate quantification, leading to better characterization, improved quality and 

safety evaluation results. 
 It is gaining a good momentum in the global horticulture industry. As these methods are 

instantaneous and can simultaneously determine many parameters, could be used for 
bulk handling of produce. 
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ABSTRACT 
India ranks second in the area and first in production (33.4%) in fruit crops. India produced 
297.24 Lakh tones of banana from an area 822 thousand hectare. Area under tissue culture 
0.053 Mha and sucker propagated 0.709 Mha. (Anonymous. 2014).The demand for planting 
material every year is 4110 million plantlet and only 265 million genomic i.e. 6.44% planting 
material available for banana cultivation. The production and productivity of banana can be 
increased only with availability of abundant healthy seedling which is disease and pest free. 

INTRODUCTION- Banana and plantains are the second largest food-fruit crops of the world 
produced in the tropical and subtropical regions of mostly the developing countries. The two 
together are positioned fourth in terms of gross value. During recent years, growth of banana 
cultivation has witnessed great strides reaching 95.60 million tones in 2009 from 66.84 million 
tones in 2001. Adoption of Panama disease resistant Cavendish varieties in place of Gross 
Michel; mechanization in production; efficient water management, harvest and postharvest 
handlings; and integrated pest and disease management have helped in this growth. Adoption 
of high quality, disease free planting material developed through tissue culture has been an 
important addition during recent years. 

 
Need of study 

 Commercial banana production has been hinder by scarcity of high quality seedling. 

 Farmers mostly rely on Natural regeneration of existing plants for propagation.  Which is a 
slow process and often does not yield adequate amount. 

 Pest and Diseases are the most important constraints in banana production. 

 In tissue culture plant producing large number of high quality seedling but it required high 
capital and skills required leading to high cost of seedlings hence not affordable to most 
farmers. 

 All cultivated commercial bananas are tropical and sterile except for a few parthenocarpic 
AA and AB which are diploid. 

 
Sources of banana planting materials:  
Natural regeneration- In India use of conventional suckers cannot be completely avoided 
because of some regional special varieties tissue culture techniques is yet to be perfected. 
Further for resources poor small scale growers the cost of tissue culture plants stills a hurdle in 
adoption. There is Five types of material use for natural regeneration:- 
 
1. Suckers: There are three types of suckers:- 
A. Sword suckers – Sword sucker with a well developed base, pointed tip and narrow leaf 
blades, and water suckers, which are small, less vigorous, broad leaved and emerge in clumps 
rhizome conical in shape with sound heart best planting material, bearing is early (11 month). 
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B. Water suckers-  Poor developed sucker, Broad leaves spreading with roundish tip, weak 
narrow pseudo stem, small corms ,lack of vigor and not recommended as planting material, 
growth slow, bearing late (15 month). 
C. Maiden sucker- Maiden sucker, a large non-fruiting pseudo stems 9 with roots and some 
rhizome). 
2. Peepers:  peepers (very young suckers) produce late and poor crop. 
3. Rhizomes: Four months old suckers produced heavier bunches compared with those 
obtained from peepers. 
4. Bits: Whole or split rhizome can also used when suckers are not available. Bits of rhizome of 
2.0kg or more may be planted in the nursery for sprouting or directly sown in the main field for 
quick multiplication of a variety rhizome bits may be used. Though the plants will requires  little 
longer time to fruit.  

 
     Sword suckers             Water suckers          Maiden sucker                     Peepers 

 
 Mother nursery block and selection of mother plants:  

 
Mother plant should be: 

 Healthy, true to type and free from diseases and pests,  especially virus diseases. 

 The male flowers buds should be retained to check the presence of virus disease (male 
flower buds exhibit symptoms of late infection of viruses like BBTV and BBrMV. 

 Mother plants should be raised under roofless insect proof shade net with sufficient 
height. 

 Mother nursery must be located away from other banana plantations with an isolation 
distance of 500 m to maintain purity and to avoid spread of virus diseases. 

 Mother plants should be grown under very good management conditions so as to 
facilitate the true expression of traits. 

 Individual plants should be tagged with a master code number so that the plantlets 
developed could be traced back to the mother plant. 

 Pedigree record and source of each mother plant should be maintained and catalogued. 

 Once indexed, the mother suckers can be maintained in field or concrete rings with 
frequent decapitation to facilitate production of more axillary buds. They also serve as 
explants for culture initiation. 

 

Macro propagation- Macro propagation is an excellent option for producing low cost quality 
planting material. This is a simple method because of the ease of multiplication, saves cost of 
producing planting material and has the potential of producing 50-60 shoots per sucker in 4-5 
months. Macro propagation is achieved by two methods and could be adopted either in the 
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field conditions (in situ) or in the nursery (ex situ). It involves decapitation, decortications and 
hardening. 
 
Decapitation: 4-6 month old plant is headed back the pseudo stem is cut down and cross cuts/ 
incisions are made on the growing meristem so as to stimulate the production of lateral buds. 
This method results in the production of 9-15 uniform shoots per plant in a short span of time 
and is highly suitable for small and marginal farmers whose requirements of planting material 
are relatively small. Suckers of choice varieties can be maintained in a nursery either in sawdust 
bed or in a big, bottomless concrete pot. The initial planting material should preferably be 
certified as virus free and multiplied at farm level under an insect proof net house. 
 
Decortications - The pseudo stem of the mother corm or sword sucker is cut transversely 2 cm 
above the collar region and then the apical meristem is removed leaving a cavity of 2 cm 
diameter and 4 cm depth. This is done to overcome the apical dominance. Decapitation and 
decortication activate the lateral buds giving rise to more side shoots. Generally, the corms that 
have already flowered give better results than corms that have not yet flowered. Hence, 
healthy corms left in the field after harvesting are also a potential explant both for in situ an ex 
situ mass multiplication. 
i) Secondary decortications: After 30-35 days of first decortications, 3-4 buds emerge from the 
mother corm, depending on the variety. When the side shoots attain a height of 15-20 cm with 
3-4 leaves, secondary phase decortications is done by heading back with a sharp knife followed 
by 3-4 transverse cuts. This encourages production of multiple shoots. Third phase 
decortications is again attempted after 20-25 days but with greater care as the shoot buds are 
located very close. Thus by the end of 140-150 days, a total of 50-60 shoots are produced from 
a single sucker. 

                                 
                   Decapitation                                                                          Decortication 
ii)Hardening: The lateral sprouts of 8-10 cm length are shifted to pro-trays containing equal 
parts of coco peat and vermiculite and after sufficient watering left in a shade net (70 % shade) 
at 80-90 % humidity. High humidity is achieved by intermittent misting. Sprouts are usually 
maintained in the pro-trays for a period of 15-20 days and then shifted to polythene bags of 
size 6’x 4’ and thickness of 120 gauge for secondary hardening. At this stage, the plants are 
maintained at 50 % shade and 40-50 % humidity. Watering is done on alternate days and the 
plants are ready for field planting in 30-45 days. 
 
Ex situ mass multiplication - Sword suckers are pared partially (trimmed of all roots and the 
outer surface scraped) and the growing points are excised out with a sharp knife. These corms 
are surface sterilized by dipping in 0.3 % bavistin for 15 min, allowed to dry for a day and then 
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planted in the initiation medium, usually comprising rice husk or sawdust, though the latter is 
much preferred. The initiation medium should essentially provide anchorage, moisture supply 
and proper aeration to the roots. Before use, the medium is moistened and decomposed for a 
period of 2-3 weeks to allow dissipation of the build up heat during decomposition. The 
medium could be enriched with sterilized vermicompost, biofertilizers and rooting hormones 
like IBA (2,500 ppm). 200 g of VAM/Azospirillum is mixed with 10 kg of vermicompost and 500 g 
of the foresaid mixture is applied per corm. This treatment induces the production of lateral 
buds through an enhancement in the population of Pseudomonas and Aspergillus species, 
while IBA induces rooting in the developing multiple shoots. 
 

Advantages of macro propagation :  
• It can rapidly multiply plantlets to distribute a new variety or replace plants in disease-

affected fields. 
• It gives relatively healthy plants if source suckers are from healthy mother plants and 

contamination is minimized during the process. 
• It can be done locally at low cost and with little training: a private person or a farmers’ 

organization can launch this activity. 
• It can teach awareness of principles of plant health.  

3. Micro propagation- Micro propagation is the practice of rapidly multiplying stock plant 
material to produce a large number of progeny plants under aseptic conditions, using 
modern plant tissue culture methods. Micro propagation is the practice of rapidly 
multiplying stock plant material to produce a large number of progeny plants under aseptic 
conditions using modern plant tissue culture methods. 

 

Why Do Micro propagation? 

 A single explants can be multiplied into several thousand plants in less than a year. 
Allows fast commercial propagation of new cultivars. 

 Once established a plant tissue culture line can give a continuous supply of young plant 
throughout the year. 

 In plants prone to virus diseases, virus free explants (new meristem tissue is usually 
virus free) can be cultivated to provide virus free plants, 

 Plant ‘tissue banks’ can be frozen then regeneration through tissue culture. 

 Plant culture in approved media are easier to export than are soil-grown plants, as they 
are pathogen free and take up little space (most current plant export is now done in this 
manner). 

 Save space for early plantation/germination thus reduce cost for land used. 
 
Types of Micropropagation: 
1. Meristem culture: - In Meristem culture the Meristem and a few subtending leaf primordial 

are placed into a suitable growing media. An elongated rooted platelet is produced after 
some weeks, and is transferred to the soil when it has attained a considerable height. A 
disease free plant can be produced by this method. Experimental result also suggests that 
this technique can be successfully utilized for rapid multiplication of various herbaceous 
Plants. 

2. Callus culture: - A callus is mass of undifferentiated parenchymatous cells. When a living 
plant tissue is placed in an artificial growing medium with other conditions favorable, callus 
is formed. The growth of callus varies with the homogenous levels of auxin and Cyotkininn 
and can be manipulated by endogenous supply of these growth regulators in the culture 
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medium. The callus growth and its organogenesis or embryogenesis can be referred into 
three different stages. 

3. Suspension Culture- A cell suspension culture refers to cells and or groups of cells dispersed 
and growing in an aerated liquid culture medium (Street, 1997, Thorpe1981) is placed in a 
liquid medium and shaken vigorously and balanced dose of hormones. Suezawa et al., ( 
1988) reported Cyotkininn induced adventitious buds in kiwi fruit in a suspension culture 
sub- culture for about a week. 

4. Embryo Culture- In embryo culture, the embryo is excised and placed into a culture medium 
with proper nutrient in aseptic condition. To obtain a quick and optimum growth into 
plantlets, it is transferred to soil. It is particularly important for the production of 
interspecific and intergeneric hybrids and to overcome the embryo abortion. 

5. Protoplast Culture- In protoplast culture, the plant cell can be isolated with the help of wall 
degrading enzymes and growth in a suitable culture medium in a controlled condition for 
regeneration of plantlets. Under suitable conditions the protoplast develops a cell wall 
followed by an increase in cell division and differentiation and grows into a new plant. The 
protoplast are first cultured in liquid medium at 25 to 28 C with a light intensity of 100 to 
500 lux or in dark and after undergoing substantial cell division, they are transferred into 
solid medium congenial or morphogenesis in many horticultural crops response well to 
protoplast culture. 

Why not seed? 

 Seed propagation is common in wild species which are diploid and undergo normal meiosis, 
fertilization and seed set . 

 The extent of seed set, germ inability and dormancy depends on the species.  

 In Ensete, the only other genus of Musaceae, seed propagation is the only means of 
perpetuation since sucker production is absent.  

 Seeds are generally brown to black in color, 2-6 cm in diameter, round or triangular in 
shape, and mostly compressed in appearance.  

 Fruits of wild species are inedible, being full of seeds that are enveloped in thin 
mucilaginous pulp.  

 All cultivated commercial bananas are triploid and sterile, excepting a few parthenocarpic 
AA and AB diploids.  

 Sucker propagation is the only natural means of their perpetuation; artificial methods of 
propagation include macro propagation and micro propagation. 
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INTRODUCTION  
Plants are susceptible to numerous disorders that resemble diseases, but are not caused by a 
living pathogen such as a bacteria, fungus or virus etc.. Plant pathologists commonly refer to 
such disorders as non-parasitic, abiotic, physiological, or noninfectious diseases. These are 
mostly caused by adverse environmental, chemical, or soil factors that result in abnormal plant 
growth and development. A non-infectious disease is not contagious, therefore it does not 
spread from plant to plant and increase over time. However, non-infectious diseases can be 
serious when plants are uniformly exposed to a high level of the stress factor. In some cases, 
normal growth and development may return once the stress or adverse environmental 
condition is removed or corrected. 

Some common non- infectious diseases of vegetables has been discussed in this chapter. 

Potato 

1. Blackheart- develops when oxygen is limited or excluded from stored potatoes, 
particularly at temperatures above 15°C; seen occasionally in potato fields that were 
excessively wet before harvest. Affected tubers develop an intense, blackish, irregular 
discoloration in the center. The blackened tissue is initially firm, but later becomes soft 
and watery. 
 
Management- Growers should avoid storing potatoes in closed containers or bins, or in 
deep piles that lack adequate ventilation. Storage temperatures should be reduced as 
soon as possible after harvest. Potato should not be grown on land that is subject to 
flooding or has poor drainage. 
 

2. Growth cracks- result from rough handling and drying of the skin during or after digging. 
This disorder is aggravated by dry storage conditions; harvesting during cold soil 
conditions can induce growth cracking.Thumbnail cracking appears as if a thumbnail has 
been pressed into the skin of the potato; Tubers may also split from internal pressure 
following excessively rapid growth, which usually occurs along the longitudinal axis of 
tuber. 

Management- Tubers should be handled as little and as gently as possible from 
harvesting to storage. Following storage, the tubers should be warmed prior to 
handling. Tubers should be stored at high humidity to minimize thumbnail cracking. 

3. Hollow heart- most severe under conditions that favor rapid tuber enlargement, such as 
unbalanced fertilization, dry soil conditions followed by high moisture levels, and soils 
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with a low organic matter content, especially those that are well-drained and in areas 
where the annual rainfall may exceed 750 mm; Potassium deficiency also has been 
implicated in this disorder. Tubers with hollow heart lack external symptoms. They 
usually are detected only after the potatoes have been cut in half. Initially, affected 
tubers exhibit a brown area at or near the center. Later, tan- to brown-walled angular 
cavities, up to 5 cm in diameter, develop at these sites 

Management- Specific gravity tests or X-rays can be used to detect affected tubers. 
Close and regular spacing of hills, maintenance of uniform soil moisture levels, adequate 
potassium fertilization, and the planting of highly susceptible cultivars, such as 
Kennebec, closer together in the row will reduce hollow heart incidence. 

Tomato 

1. Blossom drop- Affected blossoms dry, turn brown, fail to produce fruit, and may fall 
from their small stems (pedicels).  Blossom drop has been associated with 
environmental stresses and improper soil fertility that inhibit flower pollination. 
Prolonged period of high temperature (above 900F) wind during the day are associated 
with blossom drop, night temperature outside the range of 55- 700F inhibit effective 
pollination. Excess nitrogen fertilization inhibits flower production and/ or pollination. 
Management- Following recommended fertilizer rates for tomatoes reduces blossom 
drop, shading and overhead watering can reduce temperature, but their value 
decreases under prolonged periods of high temperature. 
 

2. Blossom-end rot- Fruit are most commonly affected when they are about half grown. 
Symptoms begin as small, tan, water-soaked area near the blossom end of the fruit. The 
spot enlarges, darkens, and becomes sunken and leathery. Affected fruit often ripen 
prematurely and are prone to invasion from secondary, fruit-rotting pathogens. High   
temperatures and wind, widely fluctuating water availability, and drought stress 
promote blossom-end rot. Conversely, excessive soil moisture for prolonged periods can 
damage the root system and its ability to uptake calcium. 
Management- Use of nitrate forms of nitrogen fertilizer, rather than ammonium forms 
which can interfere with calcium uptake, may reduce blossom-end rot. Maintain 
adequate and uniform levels of soil moisture though irrigation, particularly during 
periods of drought and high temperatures. Applications of agricultural lime or gypsum 
should be made prior to transplanting. Foliar sprays with soluble forms of calcium are of 
little value because of poor absorption and movement to fruit where it is needed. 
 

3. Catface- Catface is a term describing misshapen fruit with scars on the blossom end. 
Affected fruit are often kidney-shaped, but can also be distorted into other shapes. 
Bands of brown scar tissue may form between swollen areas of the fruit. Cavities or 
indentations extend deep into the fruit. Affected fruit ripen unevenly and market quality 
is reduced. Catface occurs most often on the first-formed fruits. Catface is the result of 
abnormal development of the pistil of the flower, which eventually forms the fruit. Cold 
temperatures (below 58°F) during flower development and bloom. 
Management- Little can be done to control catface other than avoiding highly 
susceptible, large-fruited varieties and keeping phenoxy herbicide away from tomatoes. 
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4. Sunscald- Mature green and breaker-stage (first pink) fruit exposed to direct sunlight 
frequently develop sunscald. Affected fruit develop white, bleached areas on exposed 
areas (usually the shoulders of the fruit), which become obvious during ripening Sunken 
areas with a paper-like surface later develop. 
Management- Maintaining healthy foliage is important in protecting developing fruit 
from sunscald. Caged tomatoes suffer less sunscald than staked tomatoes or those 
allowed to grow on the ground. Artificial shading may be beneficial where fruit exposure 
to direct sunlight is expected. 
 

Onion  
1. Bulb splitting- Uneven irrigation of onion fields increases the incidence of this disorder. 

Fields that are over-irrigated, allowed to dry completely and then over-irrigated again 
often have many split bulbs. This condition is more prevalent in areas of the field were 
stands are thin or uneven. The first symptom observed is the splitting of the basal plate. 
Secondary growth of the affected bulb often occurs as one to several small bulbs 
protruding from the split basal plate. Bulb mites (Rhizoglyphus species) are frequently 
associated with bulb splitting. However, they have yet to be implicated as the causal  
agent. 
Management- Attention to seedbed preparation, planting and the use of high quality 
seed will result in uniform stands, which will reduce this disorder. The maintenance of 
uniform irrigation and fertilization practices to prevent phases of rapid and slow growth 
of onion bulbs can reduce the incidence of this disease. 
 

2. Greening- Excessive or late season nitrogen applications can delay maturity and 
enhance the greening of onion bulbs. Greening can occur if onion bulbs are exposed to 
sunlight during the growing season or the bulbs are allowed to cure for extended 
periods under 

  moderate light. Sunlight causes the formation of chlorophyll in the outer scales, which 
results in the scales turning green. 
Management- An early fertilization program that promotes foliar development ca   
reduce losses from greening at bulb maturity. Avoid excessive and late season nitrogen 
application. Do not cure bulbs for extended periods in the field. 
 

3. Leaf variegation (Chimera) - This is a genetic abnormality and its expression and 
occurrence is unaffected by environmental conditions. This condition generally occurs 
on only a small percentage of the plants in a field. Leaf tissue is variegated resulting in 
tissues that have a normal green color being directly adjacent to tissues that are varying 
shades of yellow to white in color. Variegated tissue patterns may be mosaic or linear. 
 

Cabbage 
1. Oedema –Oedema is a physiological response of the plant to excessive soil moisture 

during periods of cool nights and warm, humid days. Many small scabby lesions form on 
the underside of the cabbage leaves. Oedema may be confused with thrips damage. 
Management- Avoid irrigation during times when day-night temperature variation is 
great. 

2. Leaf tip burn- it is caused by localized calcium deficiency due to water stress or uneven 
watering even with adequate levels of soil calcium present. Younger leaves show signs 
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of browning at the tips. In cabbage, the browning can be seen only after the head is cut 
open. 
Management-Proper irrigation should be provided. 

3. Blindness- It results in no head formation or multiple small heads form. Caused by 
damage to the terminal growing point due to low temperature, cutworm damage or 
rough handling. 
Management- plants should take care during intercultural operations, planting should 
be in proper time. 

4. Bolting- Production of flowering stem prematurely due to stress conditions  
5. Splitting of heads- Heads split or burst usually due to heavy rains or overwatering or 

delayed harvest of cabbage. Rapid growth causes splitting of heads. Early maturing 
cultivars are most susceptible.  
Management-This disorder may be alleviated by avoiding over-watering and 
maintaining uniform growth with proper irrigation. 

 
Cucurbits- 

1. Bitterness- All cucurbits produce a group of chemicals called cucurbitacins, which cause 
the vegetables to taste bitter, and the higher the concentration of cucurbitacin the more 
bitter the vegetable will taste. Mild bitterness is fairly common in cucumbers resulting 
from higher levels of cucurbitacin triggered by environmental stress, like high 
temperatures, wide temperature swings or too little water. Uneven watering practices 
(too wet followed by too dry), low soil fertility and low soil pH are also possible stress 
factors. Over mature or improperly stored cucurbits may also develop a mild bitterness, 
which is often not severe enough to prevent gardeners from eating them. 

2. Leaf Silvering - Leaf silvering is an important physiological disorder of summer squash 
(Cucurbita pepo) . The symptom, in mild cases, is a silvering parallel to the veins in the 
upper surface of leaves, but in severe cases silvering includes the entire upper leaf 
surface and the bleaching of stems, petioles, flowers and fruits. Leaf silvering was 
distinguished from silver mottling, a genetically controlled characteristic, by differences 
in distribution of silver over the leaf surface, the developmental reversibility of silvering 
and the bleaching effect of severe silvering on various plant parts. Low soil moisture 
increased the severity of silvering. 

3. Hollow Heart- Hollow cavities in fruit and vacant seed cavities are related to lack of seed 
formation, again traced back to poor pollination. Fruit tissue separation, such as hollow 
heart in watermelon, may also be due to inadequate pollination and may be worsened 
by rapid fluctuation in environmental conditions affecting fruit development. 

4. Brown End, Crooked Fruits or Pollination Problems or Low Fruit Set - Signs of 
incomplete pollination in cucurbits include bottlenecked fruit or fruit with a pinched 
end, crooked or lopsided fruit, fruit small in size or nub-like; and fruits with prominent 
lobes or that are triangular in shape. Causes of incomplete pollination may be 
inadequate pollen transfer by pollinating insects; inadequate pollen sources 
(Pollenizers); or hot, dry weather that reduces pollen viability or that desiccates flower 
parts during pollination. Hollow cavities in fruit and vacant seed cavities are related to 
lack of seed formation, again traced back to poor pollination. Fruit tissue separation, 
such as hollow heart in watermelon, may also be due to inadequate pollination and may 
be worsened by rapid fluctuation in environmental conditions affecting fruit 
development 
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Chillies-  

1. Fruit Splitting or Skin Cracking- The cracking around the shoulder of fruits is often 
associated with fluctuations in temperature and humidity. 

2. Blossom end rot -Lesions appear at blossom end of the fruit while it is green. Water 
soaked spots appear at the point of attachment of the senescent petals. This occurs due 
to sudden change in the rate of transpiration, especially in reduced moisture.  
Management- It can be controlled by supply light irrigation regularly, avoid heavy 
application of nitrogen fertilizers and adding lime to the soil or spray anhydrous calcium 
chloride. 

3. Flower and Fruit Drop- It occurs due to high temperature and low humidity, low light 
intensity, short day and high temperature.  
Management- Give light and frequent irrigation at flowering and fruit set stages. Spray 
the crop either NAA 50 ppm or Tricontanol 2 ppm at full bloom stage. 

4. Sun Scald- Exposed fruits shows blistered water soaked appearance. Rapid desiccation 
lead to sunken area usually had white or grey colour in green fruits.  
Management- It can be controlled by transplanting seedling at closer spacing and grow 
abundant foliage varieties and control defoliating insects 

 
Lady’s finger- 

Pods are susceptible to chilling injury, yellowing; shrivel from weight loss, warty pods 
(nitrogen deficiency). 

Cauliflower 
 

1. Browning- Appeareance of water soaked lesions in the steam, leaf and on the surface of 
the curd which later become rusty and brown in color due to deficiency of boron.  
Management-soil application of Borax @ 10-15 kg/ hectare  

2. Whiptail- This is caused due to the deficiency of Molybdenum. Young cauliflower plants 
become chlorotic in nature and may turn white, particularly along the leaf margins, 
leaves also become cupped and wither. 
Management- Spraying the crop with 0.1% ammonium molybdate can be done. 

3. Buttoning- Buttoning is generally known as the development of small curds with 
inadequate foliage in cauliflower. It is also referred as premature heading. The causes of 
buttoning are transplanting over-aged seedlings, poor nitrogen supply, and wrong 
selection of cultivars  

4. Ricyness - In this disorder velvety or granular appearance on the surface of the curd is 
seen. Due to higher or lower temperature than the optimum temperature required for a 
particular variety, temperature fluctuation at the time of curd development, poor seed 
stock generally causes ricyness.  
Management-Selection of proper variety and transplanting at right time controls this 
problem. 

5. Hollow stem- Hollowness is caused by boron deficiency and higher supply of nitrogen.  
Management- It can be controlled by spraying of borax @ 15-20 kg/ha. 

6. Fuzziness- The flower pedicels becomes velvety and curd elongates. The cultivation at 
improper season encourages this disorder.  
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Management- Sowing of good quality seeds in right times under proper cultural 
practices minimizes the fuzziness. 

Carrot-  
 

1. Cavity Spot- Elliptical lesions present o the surface of the roots. It generally occurs due 
to due to deficiency of calcium and excess of K. 
Management- Balanced use of fertilizers. Increase Ca level in soil. Grow resistant 
varieties. 

2. Splitting- Longitudinal cracks appeared on the carrot root. It occurs due to genetic 
factors and other factors (Higher dose of ammonical fertilizers, irregular irrigation). 
Management- Proper spacing, use of N fertilizers other than ammonical fertilizers. 

3. Forking - It is generally occurs in heavy soil due to compactness in of soil 
Management: balanced irrigation  

4. Pithiness- Death of xylem and collapse of paranchymatous tissues in roots leads to 
production of hollow roots 

  Management- Harvesting should be done at proper time. 
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 Scientific name              : (Gladiolus spp.)  
                  Family                            : Iridaceae  
                  Chromosome number  : 2n=30 to 120  
                  Origin                               Tetraploid sp: South Africa  
                                  Diploid spp: Europe 
                  Pollination System        : Cross/Self pollinated  

 
Introduction:  

Gladiolus is an important bulbous cut flower grown under open conditions in 
periurban areas of Telangana.   
 
Soil: Well drained sandy loam soil rich in organic matter with pH of 6 to 7.  
 
Climate:  

Subtropical and temperate climatic conditions are suitable. The crop performs well 
under a temperature range of 27 - 30°C. It requires full exposure to sunlight and performs well 
with long day conditions of 12 to 14 hour photoperiod.   
 
Propagation: 

Commercial propagation is through corms. Cold storage of corms at 3 to 7°C for 3 
months or treatment with Ethrel (1000ppm) or GA3 (100ppm) or Thiourea (500 ppm) is 
adopted for breaking corm dormancy.  
 
Field preparation and planting: 

Beds of size 6 x 2 m are prepared and corms are planted at a depth of 5 cm adopting a 
spacing of 40 x 25 cm (88,888 plants/ha) or 25 x 25 cm (1,60,000 plants/ha).  
 
 
Planting season:  

October for plains and March-April for hills.   
 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

232 
 
 

Varieties  
Tropic Sea, White Prosperity, Priscilla, Summer Sunshine, Pusa Swarnima, Jackson Ville 

Gold, KKL.1, Archana, Basant Bahar, Indrani, Kalima, Kohra, Aarti, Arka Kesar, Darshan, Dhiraj, 
Agnirekha, Archana, Bindiya, Shree Ganesh.  
 
Planting: 

The best planting time is October. Recommended spacing for planting is 30 X 20cm at a 
depth of 5-8cms on ridge and furrow system. Tunics /scales are removed before planting and 
dipped in mancozeb @ 2g or carbendazim 1g/lt of solution.Staggered planting at an interval of 
15 days is recommended for extended flower harvests.   
 
Irrigation:  

Irrigate at 7-10 day intervals in sandy soils and at less frequent intervals in heavy soils. 
Irrigation should be withheld at least 4-6 weeks before lifting of corms.   
 
Nutrition:  

120 kg N, 150 kg P2O5 and 150 kg K2O per hectare is recommended, of which 60 kg N 
and entire dose of P2O5 and K2O is applied as basal dose. The remaining N is given in two split 
doses, 30 and 60 days after planting.  
 
Manuring:                                                                                                                  
Basal: N 60 kg/ha, P 150 kg/ha, K150 kg/ha. 
Top dressing:N alone is given @ 30 kg/ha during 4 leaf stage as foliar spray and 30 kg/ha during 
bud stage as soil application.  
 
Aftercultivation: 

After the corms have sprouted well, watering should be done, if necessary. When the 
shoots are about 20 cm high they are covered by heaping the soil up to a height of 10 to 15 cm. 
This enables the plants to grow erect despite high winds and rains and suppresses weed 
growth. Earthing up the soil is a must in case of light soils. In case where spikes grow longer or 
stems are not strong enough to bear the lodging or mild stroke of wind, they are supported 
with about 1.5 meters strong stakes. Strings instead of stakes may be used at the time of the 
appearance of the spikes. Strings are stretched between the stakes along the row to provide 
easy and adequate support. 
 

Plant Protection: 
1. Before storage, corms are dipped in hot water at 40 - 45oC + fungicide (captan or thiram 2 
g/lit) to control Nematode and fungal disease. 
2. Thrips  can be controlled by methyl demeton 25 EC 2 ml/lit. or dimethoate 30 EC @ 2 ml/lit. 
3. Semilooper and Helicoverpa can be controlled by methyl demoton or monocrotophos @ 2 
ml/lit. 

Leaf spot: 
Spray Carbendazim or Mancozeb 2 g/lit to control leaf spot.  

Wilt:  
Drenching of Bavistin (0.2%) at fornight intervals controls the wilt disease. 
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Blight disease: 
Blight disease can be controlled by spraying Mancozeb @ 0.2 % 

Storage rot: 
Spraying of Benomyl (0.2%) controls the storage rot 

Season of flowering and Harvesting:  
When first bud shows the colour of the variety harvesting is started. 

Fluoride injury: 
Leaf scorch of gladioli is observed due to the presence of fluorine compounds in the 
atmosphere which got accumulated on the tips of leaves. The injury is associated with heavy 
application of super phosphate. 

Special practices:                                                         
(1)Staking:Large flowered varieties should be staked to avoid lodging. 
(2)Mulching and earthingup: 
Mulching with organic or plastic mulch( 50microns) will not only conserves moisture but also 
controls weeds and improves the quality of flower spikes.Earthing up after 45 days of planting 
is recommended.  
 

Plant protection: 
Pests: 
Thrips:Spray Dimethoate 30 EC @ 2ml/l or Fenitrothion 50 EC @ 2ml/l or Malathion 50 EC @ 
2ml/l  
Semi looper and Helicoverpa: Methyl Demeton 25 EC or Monocrotophos @ 2ml/l or 
Dimethoate 30 EC @ 2ml/l. 
  
Diseases: 
Leaf spot: Foliar application of Carbendazim @ 1g/l or Mancozeb @ 2g/l  
Core or spongy rot: Foliar application of Benomyl @ 1 kg/ha  
Bacterial scab blight and spots: Dipping the corms in 1:100 Mercuric chloride solution for 12 
hours before planting. 
 
Harvesting of spikes: 

Gladiolus takes 110-120 days to produce spikes. While harvesting, at least four basal 
leaves should be retained on the plant to ensure proper development of corms and cormels.  
 
Post harvest treatment and Grading: 

Soak the stem in water to avoid wilting and lodging of stem and flower.  Based on stem 
length and number of florets, the spikes are grouped into A, B, C, D grades. 
 
 
 
 
Harvesting: 

Depending on variety gladiolus takes 70 to 110 days to produce flower spikes.Harvest 
the flower spikes when 1-2 flower buds show colour for long ditant market.For local market 
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harvest the flower spikes when lower 1-2 florets are fully opened .Harvest the spikes leaving 
atleast 4 leaves on the plant for proper development of the corms.  

Yield: 2.0 - 2.5 lakh flower stalks/ha/crop. 

Post harvest management:  
The cut spikes are kept in bucket of cool water and precooled for 2-3hours at room 

temperature.The spikes are graded based on the length of the florets and packed into bundles 
of 12 and wrapped in newspapers and transported to local market.The gladiolus spikes are kept 
in upright position to avoid geotropic bending. Vase life of cut flowers can be extended by 
pulsing with 300 to 600 ppm solution of 8 - HQC (Hydroxy Quinoline Citrate) + 4 % Sucrose. 
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Stress is any changes in environmental conditions that might reduce or adversely change plant 

growth and development (Levitt, 1972). Abiotic stress is the prime cause of crop loss 

worldwide, reducing average yields for most major crop plants by more than 50%. The abiotic 

stress factors that most commonly influence plant performance include deficiencies or excesses 

of water (drought and flooding), extremes of irradiance, excessively low or high temperature, 

or deficiencies or excesses of several nutrients, including macro and micronutrients, high 

salinity (i.e. excesses of Na, Cl and/or SO4) and heavy metals (Cd, Hg, Zn etc.). All stress factors 

are naturally mediated but heavy metal stress developed by increase in concentration in 

environment by human activities like mining, industrialization, transportation (vehicle 

emissions), drainage of factory waste in rivers/waterbodies without proper cleaning and; lead-

acid batteries, fertilisers, paints, treated woods, aging water supply infrastructure, 

and microplastics floating in the world's oceans also responsible for heavy metal stress. Heavy 

metal is that compound which is noted for its potential toxicity, especially in environmental 

contexts. The factory’s waste is full with a huge amount of heavy metals like Cd, Pb, Hg, As etc. 

Other examples of heavy metals are manganese, chromium, cobalt, nickel, copper, zinc, 

selenium, silver, antimony and thallium.  

 Soils polluted with heavy metals have become communal across the world due to an 

increase in geologic and anthropogenic activities. Heavy metal pollution in soil disturbs soil 

fertility status and causes phytotoxicity to plants besides affecting human health. The heavy 

metals that are available for plant uptake are those that are present as soluble components in 

the soil solution or those that are easily solubilized by root exudates. The phytotoxic effect of 

heavy metal on plants are growth inhibition, structure damage, a decline of physiological and 

biochemical activities as well as of the function of plants.  In plants, poor seed germination and 

seedling growth, reduction in photosynthesis, transpiration, chlorophyll synthesis and water 

uptake were observed due to heavy metal.  

 Heavy metals affect the number, diversity, and activities of soil microorganisms. The 

toxicity of these metals on microorganisms depends on a number of factors such as soil 

temperature, pH, clay minerals, organic matter, inorganic anions and cations, and chemical 

forms of the metal. Due to less activity of microorganism, the mineralization process affected 

which caused low availability of nutrients to plant. 

   

EFFECT OF HEAVY METAL ON HUMAN HEALTH 

Several types of disorders appear on the human body due to the effect of heavy metal. 
Different type of heavy metal-induced different character and disease on the human body. 
Most heavy metals at high concentrations exhibit harmful effects on the central nervous system 
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(CNS), energy metabolism, ion transporters, cardiovascular system, respiratory system, 
reproductive system and vital organs such as lungs, liver, brain and kidney. 
 

Mercury (Hg) 

Mercury is a toxic metal which exists in different forms such as elemental (metallic), inorganic 
and organic. Mercury is one of the earliest elements found to be non-essential for biological 
processes; it is considered toxic due to its accumulation in organisms. Mercury exerts its effect 
at the neurological, renal, respiratory, immunological, dermatological, reproductive and 
developmental levels. Mercury induces oxidative stress which causes membrane damage, 
enzymatic damage and oxidation of biomolecules. The neurotoxic effect of Hg, which is 
progressive and destructive, especially found in the central and peripheral nervous systems of 
children. Vapour contaminated with Hg can cause chemical pneumonitis, necrotizing bronchitis, 
asthma and respiratory problems such as cough and dyspnoea. The early symptom of Hg 
intoxication in children is pruritic rash which is similar to dermatitis, but it can also cause 
Hunter-Russell syndrome and Minamata disease. Prolonged exposure to Hg damages the brain 
and causes timidity, tremors, memory problems, irritability, and changes in hearing and vision. 
Brief exposure to metallic Hg vapour at high temperatures causes lung damage, vomiting, 
diarrhoea, nausea, skin rashes, increased cardiac output and elevated blood pressure. 
Symptoms of organic Hg poisoning include depression, memory problems, tremors, fatigue, and 
headache and hair loss. 
 

Arsenic (As) 

Arsenic is one of the most important heavy metals causing disquiet from both ecological and 
individual health standpoints. Its inorganic forms such as arsenite and arsenate compounds are 
lethal to the environment and living creatures. The mechanism of As effect includes first 
induces Reactive Oxygen Species (ROS) and oxidative stress, binds to thiols, alters signal 
cascade, causes an imbalance in antioxidant levels, triggers apoptosis, cell death. Due to As 
metal, constriction of the throat, difficulty in swallowing, garlic taste, severe thirst, Severe 
intestinal pain, vomiting, diarrhoea, muscle cramps, cardiac arrhythmias, Coma and death. 
Paraesthesia in hands and feet, peripheral vascular disease, gangrene of feet – Black foot 
disease, Cancer (skin, kidney, bladder) also arises in some time. 
 

Lead (Pb) 

Lead is a highly toxic metal whose widespread use has caused extensive environmental 
contamination and health problems in many parts of the world. The physiological damage 
caused by Pb depends on the route of exposure, age of the subject, health status; number of 
exposures, time of exposure and genetic makeup of the individual. The sources of lead 
exposure include mainly industrial processes, food and smoking, drinking water and domestic 
sources. The sources of lead were gasoline and house paint, which has been extended to lead 
bullets, plumbing pipes, pewter pitchers, storage batteries, toys and faucets. Lead acetate, 
(CH3CH2)4Pb, the most organic Pb, is an anti-knock compound usually added to automobile fuel. 
It is absorbed mainly via the respiratory tract. Organic lead is more soluble than inorganic Pb, 
due to the high lipid-solubility characteristic of its components which facilitates its distribution 
within organs and tissues. Once it gets to the bloodstream, 95 to 99 % of Pb binds to 
haemoglobin and spreads throughout the body. Lead inhibits necessary enzyme activity and 
induces oxidative stress which caused a reduction of mitochondrial and haemoglobin activity, 
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have found a small increase in lung cancer risk. Studies have also looked at possible links 
between workplace exposures to lead and other cancers, including cancers of the brain, kidney, 
bladder, colon, and rectum. 
 

Cadmium (Cd) 

Cadmium is being used in rechargeable batteries, alloys production and also present in tobacco 
smoke. It is also used in coatings, pigments and electroplating and as a plastic stabilizer. 
Cadmium is released into the environment through natural activities such as volcanic eruptions, 
weathering, river transport and some human activities such as mining, smelting, tobacco 
smoking, incineration of municipal waste, and manufacture of fertilizers. industrial air emissions 
and widespread use of fertilizers on agricultural soils. Cadmium distributed in the environment 
will remain in soils and sediments for several decades. Plants gradually take up these metals 
which get accumulated in them and concentrate along the food chain, reaching ultimately the 
human body through human dietary. Cadmium is a highly toxic nonessential heavy metal that is 
well recognized for its adverse influence on the enzymatic systems of cells, oxidative stress and 
for inducing a nutritional deficiency in plants. Humans may get exposed to this metal primarily 
by inhalation and ingestion and can suffer from many diseases such as acute & chronic 
intoxications, bone mineralization, renal dysfunction, renal stones and hypercalciuria and it’s 
also lead to kidney damage. 
 

CONCLUSION: Based on several studies it’s concluded that heavy metals are highly toxic to 

plants and human. Higher accumulation of heavy metals in the environment by anthropogenic 

activity leads to cause of several diseases and disorders of plant and human. Present times, it is 

of needs to the reduction of heavy metal in the environment by adopting several methods 

which lead to reducing heavy metal uses and its accumulation in the environment.  
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Scientific name : Luffa acutangula L. (Roxb.) 
Chromosome number : 2n = 2x = 26 
Family : Cucurbitaceae 
Edible portion : Whole Fruit 
Type of fruit: Fruit 
Origin : Tropical Asia and Africa 
 
INTRODUCTION 

Ridge gourd or ribbed gourd, locally known as ‘kali tori or jhinga’ is a vigorous climbing 
plant trained on supports. The fruits are dark green, 15-40 cm long and are characterized by ten 
raised ridges, which run along the length of the fruit. The flesh is spongy but the skin is coarse. 
Ridge gourd is grown for immature and tender fruits. Delayed harvesting renders the fruits 
highly fibrous. 
  
Distribution  

Ridge gourd has originated in India and had been cultivated since ancient times. From 
India, it had spread to the whole of Southeast Asia and the Caribbean. In India, the important 
ridge gourd growing states include Andhra Pradesh, Tamil Nadu, Karnatka, Gujarat, 
Maharashtra, Assam and West Bengal. Neverthless the estimated area under all the gourds is 
the 4.05 lakh hectares in our country. 
 
Food Value 
Ridge gourd is low in saturated fat and cholesterol, high in dietry fibre, vitamin C, riboflavin, 
zinc, thiamin, iron, magnesium and manganese. Fresh fruit weighing 100 g contains 95.2 g 
moisture, 0.5 g protein, 0.1 g fat, 0.5 g minerals (18 mg calcium, 26 mg phosphorus, and 0.5 mg 
iron), 0.5 g fibre, 3.4 g carbohydrates, 0.01 mg riboflavin, 0.2 mg niacin and 5 mg vitamin C. 
 
Uses 

Ridge gourd is grown for its immature fruits that are eaten cooked or raw. The quality of 
sponge that develops inside the fruit is inferior compared to that of sponge gourd and is 
therefore, rarely grown for sponge purpose. 
 
Breeding methods of ridge gourd   

The flowers of ridge gourd like those of bottle gourd start anthesis (opening) in the 
evening and remain open throghout the night and are ready for selfing and pollination in the 
next morning/ forenoon. The flowers of ridge gourd open in early morning hours (4.0-8.0AM) 
and are suitable for selfing/crossing almost throghout the day. The important breeding 
methods used for improvement of ridge gourd include:(i) inbreeding and selection and (ii) 
hybrization – crossing of complementory parental lines and handling of segregating generations 
throghout pedigree/bulk/backcross/single seed descent method. 
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Improved Varieties  
Pusa Nasdar (IARI, New Delhi) 
It is a selection from the local material collected from Madhya Pradesh. Flowering starts 60 
days after sowing. The fruits are club shaped and light green in colour. Average yield is 150-160 
quintals per hectare. 
CO 1 (TNAU, Coimbatore) 
It is an early maturing variety developed by selection from the local material. First picking is 
possible 55 days after sowing. The fruits are 60-75 cm long, about 3.0 cm in diameter and are 
prominently ribbed. Average fruit weight is 250-300 g and yield is 140 quintals per hectare. 
Konkan Harita (KKVP, Dapoli) 
It is an early maturing selection from the local material. First picking is possible 45 days after 
sowing. The fruits are dark green, straight, 30-45 cm long and tapered at both the ends. 
Average yield is 170 quintals per hectare. 
Arka Sujat (IIHR, Bangalore) 
It is developed from the cross IIHR 54 × IIHR 18. Fruits are light green, cylindrical and 50-65 cm 
long with prominent ridges. Average fruit weight is 350 g and yield is 525 quintals per hectare. 
It is moderately tolerant to downy mildew. 
Arka Sumeet (IIHR, Bangalore) 
It is developed from the cross IIHR 54 × IIHR 24. The fruits are 55 cm long and 2.5 cm thick, light 
green and cylindrical with prominent ridges. First picking is possible 55 days after sowing. 
Average fruit weight is 380 g and yield is 500 quintals per hectare. 
Deepthi (KAU, Vellanikkara) 
It has been developed by a single plant selection from the local material. Fruits are green with 
intermediate lusture and tapered stem end, medium sized (23 cm long and 15 cm in girth) with 
finely wrinkled surface. First picking is possible 53 days after sowing. Average fruit weight is 165 
g. It possesses field resistance to mosaic virus and downy mildew diseases. 
 
Climate 

Ridge gourd are adapted to tropical and sub-tropical climates. They require a humid and 
warm growing season. A temperature of 25-27°C is optimum for vegetative growth and fruit 
development. Too low temperature in beginning of the crop season delays germination and 
retards early growth. The proportion of male flowers is increased naturally by long days and 
high temperature. 
 
Soil 

Ridge gourd can be grown on a variety of soils but well-drained loamy soils with good 
water holding capacity and having pH between 6.0-7.5 are ideal. Sponge gourd is more tolerant 
to waterlogged conditions than ridge gourd. 
 
Sowing Time  

In north Indian plains, the summer crop of  ridge gourd is sown in February – March and 
the rainy season in June-July. In riverbeds, sowing is done in October to November. In south 
India, sowing is done in October. Sowing is done on one side of the beds. Sow the seeds (5 
seeds / pit) and thin the seedlings to two/pit after 15 days. 
 
Spacing  
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Planting is done on 2.0-2.5 m wide beds at a spacing of 60-90 cm between plants for 
ridge gourd. If the vines are to be trained vertically, the row spacing is reduced to 1.5-2.0 m. 
Three to four seeds are sown per hill and two seedlings per hill are retained when the plants 
attain 2-3 leaf stage.  
 
Seed Rate 

3.5-5.0 kg seed of ridge gourd is sufficient for planting one hectare. Luffa seeds require 
special handling to ensure uniform germination. To make seeds more permeable to water and 
air, their sides are roughened with sandpaper or emery board. The seeds are then soaked in 
water at room temperature for 12-24 hours before sowing. Depending upon the soil 
temperature, the seedlings emerge 4-7 days after sowing. 
 
Manures and Fertilizers 

Apply 15-20 tonnes FYM at the time of field preparation. In north Indian plains, apply 50 
kg each of nitrogen, phosphorus and potash per hectare before bed making. The fertilizers are 
applied in two parallel bands along the lines marked for bed spacing. Another doze of 50 kg 
nitrogen per hectare is applied as top dressing, one month after sowing. Excessive nitrogen 
application coupled with high temperature results in reduced female flower production. 
 
Irrigation 

First irrigation is given just after seed sowing. Subsequent irrigations during summer 
months are given at 7-10 day intervals. In rainy season, irrigation may not be required if rains 
are well distributed. 
 
 
Weed Control 

Ridge gourd are widely spaced crops and weeds can be controlled by tractor drawn 
tillers, especially in early stages of crop growth. From spaces in-between the plants from within 
the plant rows, weeding is done manually. In later stages of the crop, weeds remain suppressed 
due to dense coverage by the crop itself. 
 
Training 

The Luffa species are vigorously growing and respond favourably to training. The yield 
and quality of fruits is improved if the vines are trained over the trellises, arbors or pandals at a 
height of 1.5-2.0 m. The training starts when the seedlings are about 15 cm tall. Training is 
especially required for rainy season crop to improve fruit quality. 
 
Harvesting 

Ridge gourd take 5-7 days to reach edible stage after anthesis and 70-90 days after 
sowing. The fruits are harvested when they have attained marketable size (10-15 cm long and 
2-5 cm thick) but are still tender. Tenderness of fruits is judged by their bright green colour and 
notching of fruit skin with thumbnails. The over-mature fruits develop purgative chemicals, 
become fibrous and are unfit for consumption. Harvesting is done at 3-4 day intervals. Sponge 
gourd for sponge production is harvested when the fruits become fully ripe and the seeds rattle 
inside. It takes 4-5 months from sowing to reach seed maturity 
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Yield 
Since most fruits in Luffa species are borne on the lateral shoots, pruning the main stem 

to encourage lateral branch growth improves the fruit yield. Application of ethepon @ 100 ppm 
in sponge gourd at 2 and 4-leaf stages and NAA @ 200 ppm in both the species of Luffa 
increases female flower production and consequently, the fruit yield. Like other cucurbits, 
keeping beehive colonies in the production fields increase cross pollination and fruit yield. 
Average yield varies from 80-120 quintals per hectare. 
 
Post-Harvest Handling 

After harvesting, the produce is immediately shifted to a cooler place. The fruits are 
cleaned of dirt etc. but not washed. Grading of fruits is done according to their size. Before 
marketing, fruits are packed in baskets properly padded with live grass etc to prevent bruising 
of thin and tender fruit skin. For refrigeration, fruits are packed in low-density polythene bags 
and stored at 10°C and 90 per cent relative humidity. The basic method of preparing the sponge 
material is to immerse the dry, mature fruits in water for a few days to soften the skin and flesh 
so that it can be easily removed. Other processing methods include freezing or using boiling 
water. After getting rid of seeds, skin and flesh, the fibrous material is dried and cut into pieces 
of required size. 
 
Seed Production 

Ridge gourd are highly cross-pollinated. To produce their genetically pure seed, a 
minimum isolation distance of 500 m is required between two varieties. A minimum of three 
inspections at vegetative growth stage, flowering and fruiting stage; and mature fruit stage are 
necessary to rogue-out off-type and diseased plants. For seed production of ridge gourd and 
sponge gourd, the fruits are allowed to ripen and dry on vines. At seed maturity the luffa fruits 
become dry and light in weight. The seeds rattle inside the shell. Cutting off the blossom end 
and shaking the fruits with cut end downwards extract the seeds. The seed is dried to 7 per 
cent moisture level or less and stored. Average seed yield is 4.0-5.0 quintals per hectare. 
 
SUGGESTED WEB SITES 
1. http://www.innvista.com/health/foods/vegetables/vgourds.htm  
2. http://www.griffin.peachnet.edu/ga/cobb/Horticulture/Factsheets/Gourds/luffa.htm 
3. Textbook of Vegetables, Tubercrops and Spices- S.Thamburaj  and Narendra Singh (310).   
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ABSTRACT 

The increasing population and diversified food & fodder requirement of the country is 

expanding at faster rate, enhancing food production for future years is very challenging. Several 

limitations such as land degradation, declining productivity, degradation of soil health and 

growing concerns of climate change. Farmers in arid & semi arid regions depend extensively on 

natural resources for food, fodder and fuel wood and may experience greater levels of poverty 

hunger & fodder crisis for livestock as their sources of livelihood become increasingly exposed 

to climate related risks. The productivity of livestock and growth of animal husbandry are linked 

with production, productivity & quality of forages. The key issues of agronomic research on 

forages follows viz; Fodder seed production, cropping systems, nutrient management, water 

management, weed management, biotic stress management, harvesting management, forages 

for alternate land use system, forage production in problematic soils, farming system and new 

niches of forage production in different agro-climatic regions and utilization of non-

conventional fodder sources as a quality feed and fodder during the lean period for continuous 

profitable dairy farming for small and marginal farmers. 

 

INTRODUCTION 

The importance of Green fodder and livestock sector is being increasingly realized in recent 

times due to their multifaceted role in sustainable production, employment generation, 

drought proofing, natural resource conservation, nutritional security and export potential. As 

per 19th Livestock Census of 2012, the total livestock population in India was 512.05 million in 

2012. The supply and production of green fodder is a challenge faced by farmers and 

entrepreneurs due to poor availability of quality fodder seeds. To bridge the gap between 

fodder demand and supply, intensive production system with improved inputs is desirable. In 

other hand the utilization of non-conventional feed and fodder is the alternate source for 

scarcity during lean period in drought affected areas. The scarcity of feeds 

may result due to either floods or droughts, during 1986-87, 75% of the  cultivated area in 

India  was  severely affected due  to  drought  and  the  remaining 25% due  to  floods, 

even  during normal  years,  there  is  shortage of  animal  feed upto 60% or 

more. Ruminants, owing to their larger body size need huge quantity of dry matter 

and fibrous feeds. Roughages are natural feeds for ruminants. However, roughages are usually 

not available in adequate quantity during scarcity. 
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Types of Scarcity Feed and Fodder 

1. Failed crops 
2. Crop residues 
3. Vegetable crop residues 
4. Non-traditional plant herb  
5. Forest oriented by-product and waste 
6. Agro industrial by-products and waste 
7. Unconventional feeds 
8. Vegetable protein sources 
9. Animal protein sources etc. 
10. Other Miscellaneous Feed and Energy Sources 

 

1. Failed crops: Whenever failure of monsoon occurs, the existing crops fail to grow 

adequately and such crops can be utilized for feeding the animals under scarcity condition. 

a. Sugarcane:  

 It occupies in the country about 2863 thousand hectares of land, sugar cane is a heavy 

foliage crop and upper portion of the cane and leaves can be a good fodder sources for 

animals. Other than this, sugarcane by-products available are available as valuable feed 

after harvesting & processing.  

 Tops and leaves (DCP 2.3 % and TDN 18.8%): 68 million tonnes. 

 Begasse: 15455 tonnes and Molasses: 5152 tonnes. 

 Sugarcane being deficient in protein and phosphorus needs to be supplemented with 

proteinaceous and phosphorus rich feeds. The tops are high in oxalates and must be 

supplemented with calcium. 

 Silage of sugarcane tops and leaves can be prepared by adding 0.5 % urea and 1.5 % salt. 

 Silage of sugarcane is very useful during extreme summer of drought years. Ureated si-

lage provides 4.0% of DCP and 48% TDN on D.M. basis. 
 

b. Banana:  

 The leaves, stem, flowers etc. are available for feeding to the animals. Leaves and flowers 

have adequate crude protein content and are high in calcium. They also supply carotene. 

 The stem, though low in protein content, can provide bulk to the animals. The stem and 

bulbs are fed after chopping with sharp blades. 
 

c. Papaya: 

 It is cultivated as fruit crop in many parts of the country. Leaves are high in crude protein 

and rich source of calcium. The outer skin of the stem is removed off and then fed to the 

animals after cutting into small pieces. It is rich source of vitamins and minerals. 

 

2. Crop Residues: Portion of plants remaining after the harvest of seeds. These are the 

from crops waste after harvest of crop. Crop  residues  such  as  straws, husk, hulls, 

stubbles, stover, tillers and leaves of certain crops like paddy, wheat, maize , sorghum, 

bajra, millets, and pulses like Redgram, blackgram, greengram, Bengalgram 
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etc. Under normal years, if straws are properly stored in the fodder bank, 

then they will be very useful in drought.   

 Improvement  of  straw  can be done by using  urea  treatment  or  by supple-

ment  of  urea  will  be useful during  drought situation.  Straws with thick stems such as 

sorghum, pearl millet, must be chopped before feeding. The chaffing reduces the 

wastage upto 15 to 20%. Apart  from  the known  straws 

and  stovers  some  other  less  used  crop  residues dues are very valuable 

during  scarcity. They  can  be 

mixed  with  concentrate  in higher  proportion  so  as  to  minimise 

the  need  for  roughage.  They can also be used upto 30% 

level in preparing complete feeds. 

 Hulls and husks  are  fibrous  materials  and  provide  bulk  to the  animal  feeds  during 

scarcity. Normally they  can  be  used  upto  filler  5% 

level  in  compounded  concentrate  mixture  as  filler  materials.  However, during scarcity 

their use should be intensified. 

 Mustard  plant parts (stem + leaves + pod  cover) is a  potentially useful rough-

age  source  for  feeding  to  animals  during  scarcity.  It is richer in protein and calcium 

than cereal straws. 

 During  severe  scarcity, stalks of  cotton, pigeon  pea  and  other  similar crops 

can  also provide bulk to the animals in satisfying hun-

ger of  large  bovine  population. They  can  be  fed  after  grinding and mix-

ing  with  concentrate  and  roughage  or  by  incorporating  them  in  complete  feeds. 

 Some  important facts  and  figures about straw burning & losses 

 Burning  of a  hectare of  straw  from  a  average  rice  crop  of  let  us  say  3000 

kg  paddy  results  in the loss  of 4000 kg  x 0.6 % N = 24 kg  of  Nitrogen in  the smoke 

the  equivalent  of  almost  50 kg  of  urea. 

 Export  of  the  bran  results  in  the  loss  of 300 kg bran  of  10%  protein, i.e. 5 kg 

of  nitrogen, Phosphorous  and potassium. 

 If  a  cow  of  300kg  body  weight  can  eat  approximately 5 kg  dry  matter  of  straw  per 

day, the  same  quantity  of  4000 kg straw  provides  for  800 days animal  feed. 

 The  quality  of  particularly  slender  straws  like  from  rice  and  wheat  is 

not  good  enough to keep  the  animal alive  over  a long  period, but the 

quantity  is  large  and  the value of  the  straw  yield  can  represent  between  10-15% 

or  higher  of  the  total crop value. 

 

 

3. Vegetable Crop Residues 

 The vegetable crop residues are grown wherever irrigation facilities are available.  The  crop 

residues of  vegetables  such  as  cabbage, cauliflower, sweet  potato creepers,  potato 

tops  and  leaves, pod  covers  of  legume  crops etc. are  available  in  large quan-

tity.  They can be used effectively during scarcity.  
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 The  residues  of  vegetable  crops  contain  high crude  protein (11-20%) and  calcium and 

low  in  fibre. Being green they also provide carotenes.  

 Cabbage  and  cauliflower are  high  in  molybdenum content  (6.1 and  1.1 

ppm  respectively) hence  they should  be  fed  in  limited  quantity  along  with  some 

dry  fodder  so  as  to  avoid  problem  of  digestive disorders.  Before 

feeding  such  residues, it  is  essential  to ensure  that  such feeds  are  free  from  harmful 

level  of  pesticide residues. 

 

4. Non-Traditional Plant Herb and Forest Tree Species 

 Certain plants which  come up  with  little  rains  in  the begin-

ning  of  monsoon  can  be  used for  feeding  animals  during  severe  scarcity periods.   

 Cassia tora plants, even when young, are not palatable to cattle and buffaloes. How-

ever, silage of cassia tora is 

quite palatable to the animals. The silage can be prepared by adding 1.5% salt and 1.5 % 

molasses. Animals can consume daily 20 kg of silage.  

 Some dry fodders should be given with silage. The silage provides 6.3% DCP and 47.2% TDN 

on DMB.  The silage of cassia tora is very useful during scarcity conditions. 

 Cactus has been used as fodder for animals during scarcity in the past. After burning the 

thorns, cactus can be fed to cattle and buffaloes.  

 One kg of cactus is  equivalent  to 1 kg  of  grass  in  DCP and 1.5 

kg  of  grass  in  net  energy  on DM  basis. Cactus can  be fed  after chaffing  and  mixing 

with  wheat  straw  or  feeding  it with cotton  seed  hulls. 

 Water hyacinth grows abundantly in ponds and stagnant water. It is high in crude protein 

(CP) but contains high amounts of oxalic acid (3.6%).  

 Water hyacinth 

in  hay  form  is  not  quite  palatable  but  when  mixed  with  20%  molasses  the ani-

mals  consume  the mixture slowly.  The hay of water hyacinth has 4.1 DCP and 48.1 % 

TDN.  

 The silage (water hyacinth + 1 part paddy straw and 4.2% salt) provides 5.6% DCP 

and 40.3% TDN on DMB. There is  no  adverse  effect  of  feeding  of water  hyacinth 

to  the  animals  nor  adverse  effect  on milk  flavor noticed. 

 

5. Forest Oriented By-Product and Waste 

 Saw dust  is  one of  the  important  sources  of feed  during  acute  scarcity. It is highly 

lignified and has very low digestibility.  However it can provide bulk to the animals.  

 Saw dust after 

cleaning  to  remove  wood  pieces  will  be  suitable  for  animal  feeding.  Saw dust 

feeding  at  the  rate  of  30 %  level  in high  urea-molasses  and  maize  bran ration had no 

deleterious effects on body weight, digestibility  and  balance 

of  nutrients.  Saw  dust  thus,  is a  useful source for short term  feeding of  animals dur-

ing  acute  scarcity at least  for  satisfying  hunger. 
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 Paper is also considered as a scarcity fodder. Papers are made up of cellulose. 

Since they have lower lignin content their digestibility is around 50-60 %.  

 The stray cattle usually eat paper wastes. 

In developed countries waste paper are not resalable. After grinding, paper waste can be 

used between 20-40% in concentrate mixture.  Such mixture improves milk 

fat content without affecting flavor and quality of milk. The improve-

ment  in  fat  content  is  attributed  to  carbon ink  used  for  printing  and  high  crude fi-

bre  content  of the  paper.  Paper waste upto 30% level can be used in complete feeds. 

 Fallen  dry  leaves  from  forest  or  road  side  trees  can  also  be  used  for  feeding  to 

the  animals.  They are especially  valuable  during  scarcity  as  without 

disturbing  the  trees, they  can  be  collected  and utilized  for  animal  feeding. 

 The  dry  fallen  leaves  contain  low  crude  protein  than fresh  leaves but  higher  than 

that of the  cereal  straws.  However, their digestibility is lower than 

that of cereal straws probably because of higher tannin content. They are also higher in 

calcium. In order to improve  the nutritive  value of  dry  fallen leaves, 

they  can  be  ground  and  mixed  with  molasses,  urea, salt, mineral mixture  etc. 

in  complete  feeds. 

 

6. Agro Industrial By-Products And Waste 

 Besides tree leaves as roughages, other byproducts such as flowers, fruits and pods can also 

be sued as cattle feed. Important trees where byproducts can be exploited are subabul, 

mango, tamarind etc. The ground pods (Prosopis juliflora) can be used upto 30% level in 

concentrate of milch cow. 

 Mango seed, mango seed kernels (1.1 DCP and 73.7% TDN) are generally available in 

summer season and can be used upto 10, 20 and 40% in concentrate part of the ration for 

milk production, growth and maintenance. 

 Subabul seeds can be used as part of the ration for feeding the livestock. The seeds have 

19.6% DCP and 68.4% TDN on DMB. The seeds contain higher amount of mimosin (3.1%) 

hence the use should be restricted. Other materials such as tomato waste, neem seed cake, 

etc. will also be useful during scarcity. 

 The importance of utilizing the unconventional feeds to augment the existing resources of 

conventional livestock feed was recognized more than 30 years ago. India is facing a 

shortage of animal feeds and fodder in terms of nutrients. 

 Moreover, this condition aggravates due to natural calamities like drought and flood. 

Recent studies indicated that quite a large number of agricultural by-products and industrial 

waste materials could be used for feeding livestock. 
 

7. Unconventional Feeds 

The different types of molasses are similar in feeding value and are available in both liquid 

and dehydrated forms. Molasses is usually used in rations for cattle, buffaloes, sheep and 

horses. 
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 As a source of energy and appetizer to reduce the dustiness of a ration 

 As a binder for pelleting 

 To stimulate rumen microbial activity and to supply unidentified factors 

 To provide a carrier for NPN and vitamins in liquid supplements 

 In the case of cane molasses, to provide trace minerals 

 In ruminant rations, molasses is restricted to the level of 10-15% of the ration. Excessive 

amounts of molasses (greater than 15%) will cause the feed to become messy as well as 

create digestive disturbance along with disrupted rumen microbial activity. 

 Poultry are rather sensitive to molasses as excess levels cause diarrhoea. Levels are 

restricted to 2-5%. 

 

8. Vegetable Protein Source 

a. Sunflower  Meal 

 Work on sunflower seed oil meal in India is limited but studies abroad indicate that 

decorticated sunflower seed oil meal in combination with 

other protein supplement is good for poultry. 

 Good quality sunflower meal contains about 40-44 percent high grade protein especially 

rich in methionine, but that made from unhulled seed has only 20% protein. Sunflower seed 

meal is a satisfactory substitute to groundnut cake in starter ration and it can replace 100 

percent groundnut cake without any adverse effect on weight gain and feed efficiency. The 

meal can also be satisfactorily used in layer’s ration. Studies indicated that it could be used 

in total replacement of groundnut cake without any adverse effect on egg production and 

egg weight. 

 

b. Guar Meal 

 Guar is a drought resistant legume and the meal, a by-product from the preparation of guar 

gum, is a potential source of protein. Guar meal is not palatable to cattle since its inclusion 

at a meager 5 % level itself was refused at the initial phase by cows, although if accustomed, 

cows can accept ration containing as high as 15% raw guar meal. 

 Higher levels of guar meal may cause, diarrhea, particularly in young calves. It is, therefore, 

always advisable to incorporate guar meal in the ration very gradually and once accustomed 

may be used as high as 10-15% level in cows and 5-10 % level in calves. 

 

c. Niger Cake 

 Niger  cake  compares  well  with  other  oil  seed  cakes  in  its  chemical  composition.  It  co

ntains  about  36  per  cent  crude  protein  and  5.98  per  cent  mineral  matter,  but  contai

ns  about 14 to 18 per  cent  crude  fibre. It is suggested that niger cake can 

completely  replace  groundnut  cake  on  protein  equivalent  basis  for  the  growing 

chicks and the two   oil  cakes  have  a  complementary effect  on 

chick  growth  with  better  efficiency  in economics  of  feeding. 
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d. Karanja Cake 

Karanja cake is less palatable. It contains some polyphenolic compounds which have a 

deleterious effect on growth and production, but after certain processing it be feed to the 

animals without any ill effect.  

 

e. Neem Cake 

The potential production of neem seed is estimated at 4.15 lakh tonnes, this can yield about 

3.3 lakh tonnes of cake and 83,000 tonnes of oil every year. Neem cake contains 34 % 

protein while processed cake shows 48 % protein and fibre content is only 4.4 %. It also 

contains essential amino acid like lysine and methionine. 

 

f. Other vegetable source of protein 

It includes rubber seed cake, sunhemp seed, dhaincha seed, cassia tora seed, kapok seed 

cake, corn gluten meal, safflower meal etc. 

 

9. Animal Protein Sources 

 Incubator  Waste  or  Hatchery  By-product  Meal (HBPM) 

 Liver  Residue  Meal 

 Frog  Meal 

 Dried  Poultry  Manure 

 Cow  Dung  Meal  (Cow  Manure) 

 Shrimp  Shell  Powder  (Prawn  Waste) 

 Crab  Meal 

 Poultry By-product  Meal 

 Hydrolyzed  Poultry  Feathers 

 Squilla  Meal 

 Processed  Fish  ensilage 
 

10. Other Miscellaneous Feed and Energy Sources 

 Sal  Seed  Meal 

 Cassava  (Tapioca ) Root 

 Tapioca  Starch  Waste 

 Tapioca  Milk Residue 

 Palm  Flour 

 Tamarind  Seed  Powder 

 Triticale 

 Mango Seed Kernel 

 Oak  Kernel 

 Sea  Weed  Meal 

 Babul  Pods (Acacia  Arabica) 

 Rain  Tree Pods 

 Jack  Fruit  Waste 

 African  Payal  (Salvinia  Molesta) 
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 Sugar  Cane  Begasse 

 Sugar  Beet  Pulp 

 Sugar  Cane  Tops 

 Papaya 

 Petro – Protein 
 

CONCLUSION 

Most of our farmers are involved in animal husbandry activities; their livelihood mainly depends 

on agriculture-based activities and fulfilling the demand, training to farmers in utilizing the non 

conventional feed from different sources are collected and stored in safe manner for feeding 

the dairy animals as a good source of nutrients for increasing the milk production during the 

lean period especially in the drought prone areas of country. Although much of work in 

livestock farming is practiced by farmer but scientific knowledge of non conventional feed 

sources is necessary to boost the production, they have very limited awareness about new 

technologies which can enhance their knowledge, skills, practices and productivity. Improved 

and various processed byproducts from agro industries are available, which may be added in 

the feeding schedule for enhancing milk production in the farm. A greater attention may be 

paid to produce more leguminous forages and its byproducts are stored in well condition for off 

season feeding. In other hand enhance fodder production. Healthy fodder will lead to healthy 

livestock and better quality livestock products. 
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1. INTRODUCTION 

Cryogenics is the science that addresses the production and effects of very low 
temperatures. The word originates from the Greek words “kryos” meaning “frost” and “genic” 
meaning “to produce.” Under such a definition, it could be used to include all temperatures 
below the freezing point of water (0 °C).  

Cryogenics is defined as that branch of physics, which deals with the production of very 
low temperatures and their effect on matter, a formulation which addresses both aspects of 
attaining low temperatures which do not naturally occur on Earth and of using them for the 
study of nature or the human industry. Cryogenic technology deals with materials at low 
temperatures and the physics of their behavior at these temperatures. Cryogenic cooling plays 
an important role in unmanned aerial vehicle systems, infrared search and track sensors, 
missile warning receivers, satellite tracking systems, and a host of other commercial and 
military systems. 
 
2. Cryogenic Fluids or Liquids 

Cryogenic liquids, also known as cryogens, are gases at normal temperatures and 
pressures. However, at low temperatures, they are in their liquid state. These liquids are 
extremely cold and have boiling points less than −150 °C (−238 °F). Even the vapors and gases 
released from cryogenic liquids are very cold. They often condense the moisture in air, creating 
a highly visible fog. Different cryogens become liquids under different conditions of 
temperature and pressure, but all have two properties in common; extremely cold and small 
amounts of liquid can expand into very large volumes of gas. Everyone who works with 
cryogenic liquids must be aware of their hazards and know how to work safely with them. The 
term “high-temperature cryogenic” describes temperatures ranging from above the boiling 
point of liquid nitrogen, −195.79 °C (77.36 K; −320.42 °F), up to −50 °C (223.15 K; −58.00 °F), the 
generally defined upper limit of study referred to as cryogenics. 
 
2.1 Defining Cryogenic Fluids or Liquids-Properties 
Each cryogenic liquid has its own specific properties, but most cryogenic liquids can be placed 
into one of the three groups:  
• Inert gases: Inert gases largely to any extent do not react chemically. They do not burn or 
support combustion. Examples of this group are nitrogen, helium, neon, argon, and krypton.  
• Flammable gases: Some cryogenic liquids produce a gas that can burn in air. The most 
common examples are hydrogen, methane, carbon monoxide, and liquefied natural gas.  
• Oxygen: Many materials considered as noncombustible can burn in the presence of liquid 
oxygen. Organic materials can react explosively with liquid oxygen. The hazards and handling 
precautions of liquid oxygen must therefore be considered. It is generally agreed that cryogenic 
fluids are those whose boiling points (bp) at atmospheric pressure are about 120 K or lower, 
although liquid ethylene with its boiling point of 170 K is often included. The gases and their 
physical properties are detailed in the table below. All the gases are non-flammable, although 
liquid oxygen is an oxidant and can promote vigorous combustion of many materials.  
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Table: Physical properties of some the gases used in Cryogenics  

Property Oxygen  
(O2) 

Nitrogen 
(N2) 

Argon  
(Ar) 

Helium 
(He) 

Carbon 
dioxide (CO2) 

Molecular weight 32 28 40 4 44 

Colour of gas None None None None None 

Colour of liquid Light Blue None None None None 

Normal boiling point (tb) at 
Patm (ºC) 

-183 -196 -186 -269 -78.5 
(sublimes) 

Ratio of volume gas 
(measured at 15ºC and 
Patm) to volume of liquid, 
(measured at Tb and Patm) 

842 682 822 738 845 (solid) 

Relative density of gas at 
Patm (Air =1) 
 

1.105@ 
25 ºC 

0.967@ 
25ºC 

1.380@ 
0ºC 

0.138@ 
0ºC 

1.48@ 
25 ºC 

Liquid density at Tb and 
Patm (kg/m3) 

1142 808 1394 125 1564 (solid) 

Latent heat of evaporation 
at Tb (kj/kg) 

213 199 163 21 573 
(sublimation) 

 

3. Industrial Applications 

Liquefied gases, such as liquid nitrogen and liquid helium, are used in many cryogenic 
applications. Liquid nitrogen is the most commonly used element in cryogenics and is legally 
purchasable around the world. Liquid helium is also commonly used and allows the lowest 
attainable temperatures to be reached.  

These liquids may be stored in Dewar flasks, which are double-walled containers with a 
high vacuum between the walls to reduce heat transfer into the liquid. Typical laboratory 
Dewar flasks are spherical, made of glass, and protected in a metal outer container. Dewar 
flasks for extremely cold liquids such as liquid helium have another double-walled container 
filled with liquid nitrogen.  
  Dewar flasks are named after their inventor, James Dewar, the man who first liquefied 
hydrogen. Thermos bottles are smaller vacuum flasks fitted in a protective casing. Cryogenic bar 
code labels are used to mark Dewar flasks containing these liquids and will not frost over down 
to −195 °C. Cryogenic transfer pumps are the pumps used on LNG piers to transfer liquefied 
natural gas from LNG carriers to LNG storage tanks, as are cryogenic valves. 

 
4. Care and maintenance of Cryogenic liquids 
4.1 Handling Cryogenic Liquids 
Handling the cryogenic liquids requires the following precautions as part of standard operating 
procedures, and they are listed here as:  
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 Never allow any unprotected part of the body to touch noninsulated pipes or vessels, which 
contain cryogenic fluids. Tissue damage that results is similar to frostbite or thermal burns. 

 The extremely cold metal will cause flesh to stick fast and tear when one attempts to 
withdraw from it.  

 Use a suitable hand truck for container movement. 

 Do not drop, tip, or roll containers on their sides. Do not remove or interchange connections. 
If user experiences any difficulty operating container valve or with container connections, 
discontinue use and contact supplier. Use the proper connection. Do not use adapters.  

 Many substances become brittle and may shatter when cold, sending pieces of the material 
flying. Avoid common glass and large, solid plastics. 

4.2 storing cryogenic liquids 

In order to store the cryogenic liquids, we should consider the following steps as pointed out 
here:  
• Store and use with adequate ventilation. 
• Do not store in a confined space. 
• Cryogenic containers are equipped with pressure relief devices to control internal pressure. 

Under normal conditions, these containers will periodically vent product. Do not plug, 
remove, or tamper with pressure relief device for this could cause an explosion.  

• Containers shall be handled and stored in an upright position.  
• Small quantities of liquid nitrogen can be stored in Dewar bottles. Dewar bottles are hollow-

walled glass-lined containers, which provide excellent insulation. 
 
4.3 Personal protective equipment to be worn 
As part of safety requirement in order to handle any cryogenic liquids, we need to consider the 
following personal protective equipments (PPEs) and wear them during handling of such 
liquids, in order to protect our skin and eyes:  

a) Be sure to work in a well-ventilated area to prevent oxygen-deficient atmospheres  
under 19.5% oxygen. 

b) Wear safety shoes when handling containers along with long sleeve shirts and trousers 
without cuffs.  

c) Always wear a full-face shield and splash resistant safety goggles. Contact lenses should 
not be worn.  

d) Wear a lab coat and an apron when dispensing liquid nitrogen.  
e) Wear insulated or leather gloves when handling liquid nitrogen or large, cold objects. 

 
5. Applications 

Cryogenics is the study and use of materials at extremely low temperatures. Such low 
temperatures cause changes in the physical properties of materials that allow them to be used 
in unusual engineering, industrial, and medical applications. For example, in the cryogenic 
temperature range, air becomes a liquid—or even a solid—and living tissue freezes instantly. 
Matter behaves strangely at the lowest temperatures of the cryogenic range. Electric currents 
never stop flowing, liquids run uphill, and rubber becomes as brittle as glass. 

1) Space: Cryogenic fuels for rockets with liquid hydrogen as the most widely used example. 
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2) Medicine: In medicine, cryogenic cooling is used in some diagnostic techniques, such as 
magnetic resonance imaging (MRI). Cryosurgery uses liquid nitrogen to kill unhealthy tissue by 
freezing it. 

3) Food industry: Cryogenic gases are used in transportation of large masses of frozen food. 
When very large quantities of food must be transported to regions like war zones, earthquake- 
hit regions, etc., they must be stored for a long time, so cryogenic food freezing is used. 

4) Space and military: Miniaturized versions of cryocoolers are known as  
micro-coolers, which have potential applications to space sensors and military airborne systems 
such as IR line scanners, IR search and track sensors, high-resolution thermal imaging systems, 
and forward looking infrared (FLIR) sensors.  

5) Cryogenic in Blood Banking, Medicine, and Surgery: Certain rare blood groups are stored at 
low temperatures, such as −165 °C. Liquid nitrogen is one of the safest cooling agents available. 
In medicine, it is, used to kill unhealthy tissues by freezing them. Cryogenic processes are also 
used to supply “banks” storing eye corneas, blood, and tissues and organs for future surgical 
procedures.  

6) Cryogenic in Recycling of Materials: By freezing the automobile or truck tire in liquid 
nitrogen, the rubber is made brittle and can be crushed into small particles. These particles can 
be used again for other items. 

6. Cryogenic Freezing  

In cryogenic freezing, liquefied gases are placed in direct contact with the foods. Food is 
exposed to an atmosphere below -60°C through direct contact with liquid nitrogen or liquid 
carbon dioxide or their vapor (Hung and Kim, 1996). This is a very fast method of freezing; thus, 
adequate control is necessary for achieving quality products. It also provides flexibility by being 
compatible with various types of food products and having low capital cost (George, 1993). The 
rapid formation of small ice crystals greatly reduces the damage caused by cell rupture, 
preserving color, texture, flavor, and nutritional value. The rapid freezing also reduces the 
evaporative weight loss from the products, provides high product throughput, and has low floor 
space requirements (George, 1993). Thermal diffusivity of the food will, however, restrict the 
heat transfer of heat from the product to the freezing medium (George, 1993).  

Cryogenic gases can also be advantageously applied to produce a hard, frozen crust on a 
soft product to allow for easier handling, packaging, or further processing (Londahl and 
Karlsson, 1991). The cryomechanical technique utilizes a cryogenic gas to create a frozen crust 
on a fluid product, after which the product may then be conveyed to a conventional mechanical 
freezer. Combination of these processes offers advantages of both systems (George, 1993). The 
advantages of liquid nitrogen are that it is colorless, odorless, chemically inert, and boils at -
195.8°C (Sham and Marpaung, 1993). It is usually used for high-value products due to the high 
capital cost for gas compression.  

The product can be exposed to a cryogenic medium in three ways: (a) the cryogenic 
liquid is directly sprayed on the product in a tunnel freezer, (b) the cryogenic liquid is vaporized 
and blown over the food in a spiral freezer or batch freezer, or (c) the product is immersed in 
cryogenic liquid in an immersion freezer [(Gupta, 1992) and (Sham and Marpaung, 1993)]. 
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7.1 Cryogenics: Low temperature hazards 

A) Cold burns and frostbite 
Because of the low temperature of liquefied atmospheric gases, the liquid, cold vapour 

or gas can produce damage to the skin similar to heat burns. Unprotected parts of the skin 
coming into contact with uninsulated items of cold equipment may also become stuck to them 
and the  
flesh may be torn on removal. Cold vapours or gases from liquefied atmospheric gases may 
cause frostbite, given prolonged or severe exposure of unprotected parts. A symptom that 
usually gives warning of freezing is local pain, however sometimes no pain is felt or it is short 
lived. Frozen tissues are painless and appear waxy, with a pale yellowish colour. Thawing of the 
frozen tissue can cause intense pain. Shock may also occur. 
 
Treatment of cold burns:  

The immediate treatment is to loosen any clothing that may restrict blood circulation 
and seek hospital attention for all but the most superficial injuries. Do not try to remove 
clothing that is frozen to skin. Do not apply direct heat to the affected parts, but if possible 
place in lukewarm water. Clean plastic kitchen film or sterile dry dressings should be used to 
protect damaged tissues from infection or further injury, but they should not be allowed to 
restrict the blood circulation. Alcohol and cigarettes should not be given. Where exposed skin is 
stuck to cold surfaces such as uninsulated cryogenic pipework, isolate the source of the cold 
liquid and thaw with copious amounts of tepid water until the skin is released. 
 

Effect of cold on lungs: Transient exposure to very cold gas produces discomfort in breathing 
and can provoke an asthma attack in susceptible people. 

B) Hypothermia:  
Low air temperatures arising from the proximity of liquefied atmospheric gases can 

cause hypothermia and all people at risk should wear warm clothing. Typical symptoms of 
hypothermia are: a) A slowing down of physical and mental responses.  
b) Unreasonable behaviour or irritability.  
c) Speech or vision difficulty d) Cramp and shivers. 
 
Treatment of hypothermia:  

People appearing to be suffering from hypothermia should be wrapped in blankets and 
moved to a warm place. Seek immediate medical attention. No direct form of heating should be 
applied except under medical supervision. 
 
7.2 Cryogenics Low temperature hazards: Causes and avoidance of exposure 
A) Contact with cold surfaces: Where possible, insulate all exposed cold surfaces using suitably 
approved materials. 

B) Splashes and spillages: a) Use suitable PPE. b) Use approved manual handling equipment 
when moving vessels containing cryogenic liquids. c) Report all leaks immediately. 

C) Prolonged exposure to low temperature environments:  
  a) Use suitable insulating PPE  
  b) Minimize time of exposure. 
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D) Inadequate design/incorrect choice of materials: a) Only use competent system designers. 
b) Only use approved materials. c) Conduct regular planned preventative maintenance d) Do 
not exceed the flow rate specified for the equipment 
 
E) Over-pressurisation 

When vaporised into gas, all of these liquefied gases increase many hundreds of times in 
volume. This results in a large pressure increase if the volume change is restricted. The normal 
inleak of heat through the insulated walls of the storage vessels and pipework into the 
cryogenic liquid raises its temperature and hence, with time, the pressure rises due to the 
generation of gas. 

Cryogenic systems must therefore be designed with adequate pressure relief on storage 
vessels and anywhere where liquid may be trapped, such as pipework between valves. If liquid 
is vented into the atmosphere, it vaporizers with a consequential large expansion in volume 
which can be very noisy. Therefore, venting should be controlled and adequate precautions 
taken to protect personnel. The cloud of cold gas vented into atmosphere can also present a 
risk. 

F) Embrittlement 

The most significant consideration when selecting equipment and materials for low 
temperature use is that of possible brittle fracture. Carbon steel is extremely brittle at the 
cryogenic temperatures of liquid nitrogen, argon and oxygen. (Certain types of carbon steel can 
be used with cryogenic carbon dioxide because it is relatively warm in comparison to liquid 
nitrogen, argon and oxygen.) Metals used in any equipment should satisfy the impact test 
requirements of the design code being used. 

If there is a change in the use of a plant from its original design, it may result in the 
liquid usage rate exceeding the capacity of the vaporising equipment. This can cause cryogenic 
liquid to reach parts of the equipment that were not originally intended for low temperature 
conditions, increasing the risk of potential brittle fracture. 

G) Liquid air condensation 

Whilst nitrogen and helium appear to be safe from the risk of combustion because they 
are inert, these liquids are cold enough at normal boiling points to condense air from the 
atmosphere. This condensed air contains higher oxygen content than normal air, increasing the 
risk of combustion. It is therefore essential that the vessel is properly insulated. It is also 
recommended to exclude combustible insulating materials from liquid nitrogen and helium 
systems and installations. Liquid argon cannot condense air from the atmosphere. 

H) Dense cold vapour 

Due to the relatively high density of the cold vapour of the liquids, the gases may collect 
and persist in areas which may not be immediately recognisable as confined spaces, posing an 
oxygen deficiency or enrichment hazard. Manholes, trenches, basements, drainage systems, 
underground service ducts and any low lying, poorly ventilated areas may pose such a hazard 
and entry into these areas should be controlled by a Permit to Work. 
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SUMMARY 

Simarouba glauca DC, a multipurpose tree, is commonly known as ‘Laxmitaru’ or ‘paradise tree’ 

S. glauca is indigenous to West Indies, Southern Florida and Brazil . It is native to Bahamas, Costa 

Rica, Honduras, Jamaica, Mexico Cuba, Guatemala, Haiti, and Puertorico, United States of 

America .Presently it is at the introductory level in India like Gujarat, Orissa, Tamilnadu, 

Maharashtra, Karnataka and Andhra Pradesh.It also prevents soil erosion, converts atmospheric 

carbon dioxide into oxygen and contributes to the reduction of green house effect or global 

warming. Simarouba glauca takes 5-6 years to grow into a complete flowering tree and it is 

polygamo-dioecious  

The wide adaptability of this plant to different agro climatic conditions as well as its 

numerous economic importance it is consider as a multipurpose plant like being used as a source of 

edible oil, biodiesel, fuel, medicine, manure, paper industry etc. It has a potential to grow in arid and 

semi arid conditions makes it a good alternative for the reclamation of waste lands. As a result it will 

helps in the poverty alleviation of small and marginal farmers owning unproductive lands all over 

the tropical world. Moreover growing traditional crops is very uneconomical. Population of this 

plant should be increased in order to get all above benefits.  

INTRODUCTION 

Simarouba glauca DC, a rain fed wasteland evergreen edible oil tree, is commonly known as 

‘Laxmitaru’ or ‘paradise tree’ belongs to the family Simaroubaceae. The specific name glauca 

refers to the bluish green foliage or covered with the bloom. It is derived from Greek word 

‘glaukos’ (bluish). S. glauca is indigenous to West Indies, Southern Florida and Brazil (Cronquist, 

1994). It is native to Bahamas, Costa Rica, Honduras, Jamaica, Mexico Cuba, Guatemala, Haiti, 

and Puertorico, United States of America (Marchetti et al, 2008).Presently the cultivation of S. 

glauca spread to dry, semi arid and saline land areas of Indian states like Gujarat, Orissa, 

Tamilnadu, Maharashtra, Karnataka and Andhra Pradesh (Joshi and Joshi, 2002). S. glauca tree 

can grow well even on marginal wastelands or dry land with degraded soil (Govindraju et al, 

2009).  
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                             Simarouba glauca                                                     Leaves of Simarouba glauca 

                                     

                                    Flowers of Simarouba                                                   Seeds of Simarouba 

             S.glauca  is a medium sized evergreen tree (height 7-15 m) grows well up to 1000m above sea 

level in all types of drained soils (pH 5.5 to 8) and found to be established in places with 250 mm 

to 2500 mm annual rainfall and temperature up to 45⁰C (Joshi and Hiremath, 2000). Its fruits are 

similar to olives in their size, shape and color. S.glauca tree starts flowering during December and 

bears fruits in January to February. The average yield of fruit per hectare is about 6,000-8,000kg 

from a 10 year old plantation of Simarouba. Its seeds are comprised of 60% oil content. Once the 

oil has been extracted, the seeds can be used as a coagulant for water treatment. The tree has 

the ability to act as sinks for carbon dioxide and hence its plantation will reduce the amount of 

greenhouse gas (GHG) in the atmosphere (Juyal et al, 1991). 

 It was first introduced in India by National Bureau of Plant Genetic Resources in the 

research station at Amravati in Maharashtra in 1966 (Rath, 1987; Juyal, 1991; Bhagmal, 1994) and 

in the University of Agricultural Sciences, Bangalore in 1986. Systematic research and 

developmental activities on S. glauca began from 1992 onwards and presently it is cultivated in 

Orissa, Maharashtra and also at the introductory stage of plantation in other regions like Anand, 

Jodhpur, Andhra Pradesh, Karnataka, Tamilnadu, West Bengal and Bhubaneswar (Manasi and 

Gaikwad, 2011).  

 Simarouba tree can grow well in tropical climate with the temperature ranges from 10⁰C-

40⁰C. It can withstand summer temperature up to 49.5⁰C. The rainfall of 700-1000mm is suitable 

for its normal growth however it can withstand scanty rainfall (300mm) to high rainfall (2500mm) 

& 6-8 months of dry spell in a year. The loamy soil, red loams and red laterities having soil depth 

of at least 1m are preferred for enhanced growth and productivity (Kureel et al, 2009). The 
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gestation period of the tree is 6-7 yrs (3-4yrs in case of grafts). The flowering occurs mainly in 

December & continues up to February. The tree starts bearing fruits after gestation period & 

stabilizes in next 4-5yrs. The drupelets turn black or greenish yellow (Biswas, 2007). Harvesting 

extends to a period of 3-4weeks. The nutlets are dried to reduce moisture content about 10% 

before storage in gunny bags with good aeration in dry condition at 27⁰C temperature (Severen, 

1993). 

 Simarouba can be grown in marginal & wastelands because of its ability to adapt to 

adverse climatic conditions. It can be propagated from seed, seedlings and cuttings. The best 

time for planting is in the summer season before or at the onset of the rains. Scarified seeds are 

sown in nursery beds in lines at 8-10 cm apart. The seedlings after 10-15 days of germination, 

transferred to polybags filled with nursery soil mixture and finally to the field (Jeyarani and 

Reddy, 2001). The plants start fruiting in about 6-8 yrs of age and yield well up to 50-60 years. 

Each well grown tree yields 15-30 kg nutlets equivalent to 2.5-5.0 kg oil. Seeds contain 60-75% oil 

content. When compared to current sources of biofuels the S. glauca tree produces a much 

higher oil yield (Chikara et al, 1998; Zubr, 1997) approx 20qt.oil/ha/yrs obtained from a 10 year 

old plantation ((Devan, 2009). 

2. Commercial Exploitation of Simarouba glauca 

Simarouba glauca has the wide range of commercial applications. Seeds of this plant are 

considered economically important as they contain 60-70 % oil which can be easily refined, 

bleached, deodorized, fractionated and are found suitable for edible and non edible purposes 

(Dash et al, 2008; Sola and Francisco, 1956). Seeds are also engine tested for alternative 

biodiesel-feedstock (Kashaninejad et al, 2006). Biodiesel of Simarouba is a simple biodegradable, 

non toxic and essentially free from sulphur and aromatics and can be used in compression & 

ignition quality even when blended in petroleum diesel (Bart and Baryeh, 2003).According to 

Reddy et al, (2003) it also forms an important source of edible oil under the trade name Manteca 

vegetal “nieve 

                         Table- 2.1: Commercial exploitation of Simarouba glauca 

Sl. No Product Source 

1 Bio- diesel Seeds 

2 Biogas Pulp, Oil cake, Leaf litter, Shells & unwanted branches 

3 Ethanol Fruit Pulp 

4 Thermal Power Leaf litter, Shells and Unwanted branches 

                                         
The oil extracted from seeds and processed by conventional methods can be used to 

manufacture vanaspati ghee, vegetable butter and margarine. The Refined, Bleached and 

Deodorized (RBD) oil is fractionated to separate the liquid and solid fractions. It has about 85% 

oleic acid content which is similar to olive oil in its chemical composition. This oil is free from bad 

cholesterol (free fatty acids 0.06%). Solids extracted from Simarouba glauca is rich in palmitic and 

steric acid contents which can be used as coco-butter substitutes (CBS) or coco-butter extenders 
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in confectionary and bakery industries. Physical properties of its fruits and shells are essential to 

design equipments for decortication, drying, cleaning, grading, storage and oil extraction. 

(Jeyarani and Reddy, 2001). 

 

Simarouba glauca edible oil 

2.1. Timber: The main trunk of ten years old tree produces 5- 10 cubic feet of wood. The wood is 

lower in weight, attractively grained, strong, generally less preferred by wood eating insects and 

is useful in making yolk for oxen, light furniture, toys, and packing material, pulp for paper 

industry and match boxes. Waste wood is also considered as a good fuel . 

 

Simarouba glauca wood article 

2.2. Phytoremidiation: Neelvathi et al (2004) has observed that the paradise tree helps in 

preventing soil erosion and also contributes to the reduction of green house effect. Simarouba 

not only converts solar energy into biochemical energy but also prevents overheating of soil 

surface throughout the year particularly during summer. Large scale planting can helps in 

reclamation of wastelands and also converts the accumulated atmospheric carbon dioxide into 

oxygen and reduces the green house effect or global warming. (Jones et al, 2006). 

 2.3. Manure: The oil cake is rich in Nitrogen (8%), Phosphorus (1.1%) and Potash (1.2%) and used 

as good organic manure. According to Govindraju et al (2009) Simarouba contains high 

concentration of Calcium (143.02 mg /100 g) and Sodium (78.94 mg/100g) whereas   the 

concentration of Iron and Magnesium is low i.e. 11.0mg and 7.4 mg /100g respectively. Ham et 

al, 1954 concluded that organic matter content in this plant is 17 percent higher to adjacent trees 

(15.7%). Simarouba press cake is being utilized as an organic fertilizer. The fruit pulp may be used 

in the production of vermicompost which is of excellent quality. Leaf litter (about 20 kg/tree/yr) 

makes good manure, improving the fertility status of soil (Rogi, 1974).  

2.4. Ethanobotanical and pharmaceutical uses 
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Leaves and bark of Simarouba glauca have been used earlier as a natural medicine in tropical 

areas. S. glauca was first imported into France from Guyana in 1713 as a medicine for dysentery 

(Lidia et al, 1991; Assendift et al, 1956). French explorers noticed that the indigenous Indian 

tribes of Guyana rainforest area used Simarouba bark as an effective treatment for malaria and 

dysentery (Niel et al, 1986; Cassady and Suffness, 1980). Other indigenous tribe throughout the 

South uses bark for fevers, dysentery and malaria as a haemostatic agent to stop bleeding and as 

a tonic. It is used externally for sores and wounds. In Belize the tree is called Negrito or dysentery 

bark. The bark and root can be boiled in water to form a powerful astringent and tonic used to 

cure skin sores and to treat dysentery, diarrhea, stomach and bowel disorders and internal 

bleeding (Govindraju et al, 2009). Simarouba extract is used for reducing patchy skin 

pigmentation (US Patent issued on October 14, 1997). The seeds extracted in alcohol are used 

against snake bites whereas infusion of the bark is used against malaria, rheumatism and fever 

and it also shows antimicrobial activity against all protozoa .   

.     

  
                                Pharmaceutical products of Simarouba glauca 
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INTRODUCTION- 

Banana is the second most important fruit crop in Indian next to mango. The area production in 

120 countries   total annual world production is estimated at 86 million tones of fruits. India 

leads the world in banana production with an annual output of the about 14.2million tones. 

Banana grown Brazil, Eucador, and Mexico china, phillipines, Indonesia, Thailand and Colombia. 

In India banana ranks first in production and third in area among fruit crops. Production in 

highest in Maharashtra (3924.1 Thousand tons) followed by Tamil Nadu (3543.8 thousand 

tons). The other major banana producing state is Karnataka, Gujarat, Andhra Pradesh and 

Assam. The banana blossom is a large dark purple-red color. The banana tree is the ideal to look 

up      to when it comes to a ‘no wastage’ policy! Almost all parts of the banana tree can be 

used. The most obvious is the fruit—bananas that we eat almost daily. 

But, other parts of the tree also offer many health benefits!  Both the South Asians and 

Southeast Asians use banana flowers as a vegetable. They use it either raw or steamed with 

dips. They also use those in soups, curries and fried foods. The flavor resembles that of 

artichoke. Like artichokes, both the fleshy part of the bracts and the heart are edible. 

 

Nutritional Value of Banana Flower:  

Banana flowers are a good source of vitamins A and C. 

51kal 100g 

1.6g of fat 100g 

9.9g CHO  100g 

5.7mg of fiber  100g 

56mg of calcium  100g 

73.3mg phosphorus  100g 

56.4mg or iron  100g 

13mgcopper   100g 

48.7mg magnesium 100g 

1.07mg of vitamin E 100g 

553.3mg potassium 100g 
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Benefits of Banana Flowers: 

Some of the health benefits of banana flowers are: 

1. Wards Off Infections: 
Banana flowers treat infections, thanks to their ethanol based extracts. Banana flower inhibits 
the growth of pathogenic bacteria. Some of them are bacillus subtalis, bacillus cereus, and 
Escherichia coli. Banana flower also helps heal the wounds. According to a study, banana flower 
extracts can also inhibit the growth of the malarial parasite plasmodium falciparum in vitro. 
These claims are yet to be proven. 

2. Reduces Free Radical Activity: 
The presence of free radicals in the body can cause serious problems. Fortunately, the extracts 
of methanol present in banana flower possess antioxidant properties. These flowers perfectly 
handle free radicals that cause damages to the body. It treats many health issues, such as 
premature aging and cancer. To make the full use of the antioxidant property of these flowers, 
include in health supplements. 

3. Reduces Menstrual Bleeding: 
Menstruation brings pain in many women. Some suffer from severe PMS symptoms, while 
others bleed excessively. A cup of cooked banana flowers can help deal with these problems. 
Cooked banana flowers along with curd or yogurt increases the progesterone hormone in the 
body and reduces bleeding. 

4. Manages Diabetes And Anemia: 
Calculated intake of banana flowers reduces blood sugar levels. It also increases the total 
hemoglobin levels in the body. However, as with antimicrobial activity, the hypoglycemic 
effects of banana flowers haven’t proven clinically. 

5. Rich Source Of Vitamins And Minerals: 
Banana flowers contain various vitamins like Vitamin A, C, and E. They also contain potassium 
and fibers.  
6. Helps Nursing Mothers: 
New mothers face many problems when it comes to breast feeding. One of the major problems 
that they face is dwindling milk supply. Banana flowers boost the supply of milk that helps the 
new mothers feed their young better. 

Banana Flower Food Product- Common in South-East Asian cuisine, banana blossoms 
(aka banana flower or banana heart) are tear-shaped maroon or purplish flowers hanging at the 
end of banana clusters. They can be eaten raw or cooked and are used primarily in salads, 
curries or soups and other dish of Indian recipe Banana flower stir fry, Banana flower Paturi, 
Banana flower pulao (Mochar Murighonto ) Banana flower chope  Banana flower fry with 
Chole. Banana blossoms were used for the incorporation of banana blossom dark chocolate.    
CONCLUSION -As banana blossom contains high amount of anti-oxidants and  Vitamin C, A ,E 
and  Flavanoids .  The future nutritionists should consider a special effort in inculcating the 
banana blossom into routine diet and to create awareness and share knowledge to the 
community at large. Hence the food industry should focus on the incorporation of banana 
blossom into ready to eat products. 
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Organic Farming: Prospects and constraints in Indian Scenario 
Article id: 11268 

Himanshu Verma 
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INTRODUCTION: 

The Indian farming is traditionally organic and farmers were following organic 

cultivation till the middle of the twentieth century. After independence, we gradually started 

practicing chemical farming to increase food production to meet the needs of ever increasing 

population pressure. With the introduction of high yielding varieties programme, the chemical 

farming attained higher production by using various inputs like improved seeds, fertilizers, 

pesticides etc. Later on in the 1980s realizing the adverse impact of chemical farming, various 

farming and consumer groups worldwide began pressing for government regulation of organic 

production. In recent years, explosive organic market growth has encouraged the participation 

of agribusiness interest. Organic farming uses nature as the best role model for agriculture and 

considers soil as a living system. 

In the initial phase of farming, Organic farming yields less due to slow release of 

nutrients in contrast with inorganic farming, which yield higher due to better nutrient use 

efficiency. But after long term farming, organic farming depicts higher yields because of good 

soil health formation. Not all but a lot of farmers mix inorganic and organic sources together. 

The emphasis today is solely on productivity and higher returns. 

Organic agriculture is an ecological production management system that promotes and 

enhances biodiversity, biological cycles and soil biological activity. It is based on minimal use of 

off-farm inputs and on management practices that restore, maintain and enhance ecological 

harmony”. 

The primary goal of organic agriculture is to optimize the health and productivity of 

interdependent   communities of soil life, plants, animals and people.  

 

Principles of Organic Farming 

Principle of health 

Organic Agriculture should sustain and enhance the health of soil, plant, animal, human and 

planet as one and indivisible. This principle points out that the health of individuals and 

communities cannot be separated from the health of ecosystems - healthy soils produce 

healthy crops that foster the health of animals and people. Health is the wholeness and 

integrity of living systems. It is not simply the absence of illness, but the maintenance of 

physical, mental, social and ecological well-being. Immunity, resilience and regeneration are 
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key characteristics of health. The role of organic agriculture, whether in farming, processing, 

distribution, or consumption, is to sustain and enhance the health of ecosystems and organisms 

from the smallest in the soil to human beings. In particular, organic agriculture is intended to 

produce high quality, nutritious food that contributes to preventive health care and well-being. 

In view of this it should avoid the use of fertilizers, pesticides, animal drugs and food additives 

that may have adverse health effects. 

Principle of ecology 

Organic Agriculture should be based on living ecological systems and cycles, work with them, 

emulate them and help sustain them. This principle roots organic agriculture within living 

ecological systems. It states that production is to be based on ecological processes, and 

recycling. Nourishment and well-being are achieved through the ecology of the specific 

production environment. For example, in the case of crops this is the living soil; for animals it is 

the farm ecosystem; for fish and marine organisms, the aquatic environment. Organic farming, 

pastoral and wild harvest systems should fit the cycles and ecological balances in nature. These 

cycles are universal but their operation is site-specific. Organic management must be adapted 

to local conditions, ecology, culture and scale. Inputs should be reduced by reuse, recycling and 

efficient management of materials and energy in order to maintain and improve environmental 

quality and conserve resources. Organic agriculture should attain ecological balance through 

the design of farming systems, establishment of habitats and maintenance of genetic and 

agricultural diversity. Those who produce, process, trade, or consume organic products should 

protect and benefit the common environment including landscapes, climate, habitats, 

biodiversity, air and water. 

Principle of fairness 

Organic Agriculture should build on relationships that ensure fairness with regard to the 

common environment and life opportunities. Fairness is characterized by equity, respect, 

justice and stewardship of the shared world, both among people and in their relations to other 

living beings. This principle emphasizes that those involved in organic agriculture should 

conduct human relationships in a manner that ensures fairness at all levels and to all parties - 

farmers, workers, processors, distributors, traders and consumers. Organic agriculture should 

provide everyone involved with a good quality of life, and contribute to food sovereignty and 

reduction of poverty. It aims to produce a sufficient supply of good quality food and other 

products. This principle insists that animals should be provided with the conditions and 

opportunities of life that accord with their physiology, natural behavior and well-being. Natural 

and environmental resources that are used for production and consumption should be 

managed in a way that is socially and ecologically just and should be held in trust for future 

generations. Fairness requires systems of production, distribution and trade that are open and 

equitable and account for real environmental and social costs. 
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Principle of care 

Organic Agriculture should be managed in a precautionary and responsible manner to protect 

the health and well-being of current and future generations and the environment. Organic 

agriculture is a living and dynamic system that responds to internal and external demands and 

conditions. Practitioners of organic agriculture can enhance efficiency and increase 

productivity, but this should not be at the risk of jeopardizing health and well-being. 

Consequently, new technologies need to be assessed and existing methods reviewed. Given the 

incomplete understanding of ecosystems and agriculture, care must be taken. This principle 

states that precaution and responsibility are the key concerns in management, development 

and technology choices in organic agriculture. Science is necessary to ensure that organic 

agriculture is healthy, safe and ecologically sound. However, scientific knowledge alone is not 

sufficient. Practical experience, accumulated wisdom and traditional and indigenous knowledge 

offer valid solutions, tested by time. Organic agriculture should prevent significant risks by 

adopting appropriate technologies and rejecting unpredictable ones, such as genetic 

engineering. Decisions should reflect the values and needs of all who might be affected, 

through transparent and participatory processes. 

 

Organic farming Practices 

Soil management practices include increasing humus content and biological activity as well as 

meeting mineral deficiency of soils. For this following strategies can be taken in to 

consideration: 

Manipulation of crop rotations and strip-cropping: deep and shallow rooted plants bring 

different nutrients to the surface; different crops require different nutrients. 

 Growing green manure  

 Under sowing  

 Application of rock dust, crop and agro-industry residues, household waste, compost  

 Soil tillage, such as use of an implement which aerates the soil.  
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Constraints of organic farming 

Most farmers in category I and II areas as outlined above have small holdings and are poor.  
These have very little credit facilities in the region and the farmers cannot afford or find all the 
necessary inputs to get high yields. They are also not directly connected to markets to buy or 
sell food. The problem is acute in hill regions of north and north-east India. On the other hand, 
large land holders have the resources to purchase the inputs and use them more efficiently. 
They also have direct access to the markets. Since organic farming’s main attraction is export, 
big farmers can compete better when the international trade brings down prices even in local 
markets. Small farmers are less able to compete and in some cases even to survive. How small 
farmers’ interest can be safeguarded in organic farming is an issue to be carefully tackled. Also 
before producing marketable products an organic farm has to have a transition period of 1 to 3 
years depending upon the certifying agency’s requirements and during this period the farmers 

have to grow the crops as per standards set for organic farming and thus produce about 3/4
th 

of 
the normal yield. Yet they have to market the produce in the open general market. Small and 
marginal farmers can hardly afford to do so.  

 

The most important constraints in the success of organic farming are:  

1. Lack of credit at low interest rates  

2. Absence of crop insurance  

3. Lack of market infrastructure  

4. Lack of cold storage facilities (very important for fruits and vegetables).  

 

Indian scenario of organic farming 

From the humble beginning with 42,000 ha under certified organic farming during 2003-04, the 
organic agriculture in India grew 29 fold during the period up the 2008-09. By March 2011 India 
had brought close to 4.5 million ha area under organic certification process. Out of this, 
cultivated area accounts for 0.77 million ha while remaining 3.65 million ha was wild forest 
harvest collection area. It was combined effect of enthusiastic farmers, NGOs, Central and State 
Governments; and market forces push. Now, practically all 30 states are represented on organic 
agriculture map of India. Both the streams of organic; certified and non certified are growing 
and projects in spite of being continuously organic are opting in or out of third party 
certification system depending upon the need for certification in direct marketing. Area under 
certification process which has seen rapid growth till the year 2008-09 is now under 
consolidation phase. Absence of effective marketing channels, withdrawal of some Central and 
State Government support programmes and introduction of complicated TRACENET system for 
certification under NPOP has pushed some of the grower groups (may be temporarily) out of 
certification system. The growth in export, in terms of total quantity, in terms of total value in 
INR and in terms of total value in US$ was 22, 33 and 41% respectively. The first factor 
promotes organic as a niche area for agri-business and better cash income to farmers and the 
second factor dominates organic farming priorities of small and marginal farmers in rained 
areas, who are looking for alternatives to reduce input costs in farming and options to farm 
their lands sustainably, for them it is a livelihood and food security opportunity. 
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ABSTRACT 
Biotechnology is the use of living systems and organisms to develop or make useful 

products, or any technological applications that uses biological systems, living organisms or 
derivatives, to make or modify products or processes for specific use. Combine with 
biotechnology fermentation is an anaerobic metabolic process in which organisms convert 
nutrients into alcohol, acids, primary metabolites and microorganisms involved, which 
depending on the tools and applications, it often overlaps with the fields of bioengineering and 
biomedical engineering.  

 

INTRODUCTION 

‘Biotechnology’, the short form of Biological technology, defies precise definition. The 
term biotechnology came into general use in the mid 1970s, gradually superseding the more 
ambiguous ‘bioengineering’, which was variously used, to describe chemical engineering 
processes using organisms and/or their products, particularly fermenter design, control, 
product recovery and purification.  Most scientists agree that all processes that utilize biological 
organisms constitute biotechnology, but what is disputed is which processes   do not. 
Definitions of technology too vary from the simple 'applied science' to ’the scientific study of 
the practical or industrial arts' (Crafts-Lighty, 1983).  In simpler words, biotechnology means the 
industry-scale use of organisms and/or their products. Now biotechnology virtually includes the 
scientific, technological and commercial aspects of almost every area of human welfare 
from agricultural production to pollution control (Ghannam & Balboa, 2018). 

Ancient fermented food processes, such as making bread, wine, cheese, 
curds, idli, dosa, etc., some of which are some 6,000 years old, and developed long before man 
had any knowledge of the existence of the micro-organisms involved, also genuinely constitute 
biotechnology.   However, for the sake of convenience, many people exclude these traditional 
processes from the realm of biotechnology.  Conventional agriculture is a   well-developed 
industry in its own right, but in practice, this is not included in biotechnology.  Aspects of 
‘modern biotechnology’ may have 
significant     effects    on   ‘traditional     biotechnology’.  Genetic manipulation to improve 
brewing and baking yeasts or to introduce new characteristics in crops, biological control of 
plant pests, and new methods of diagnosing and preventing plant, human and animal disease, 
are all now realizable.   Whatever the definition, experimental production of new varieties of 
organisms, is one of the important objectives of biotechnology.   
 
Fermentation 
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Fermentation technology is the oldest of all biotechnological processes.    The term is 
derived from the Latin verb fevere, to boil--the appearance of fruit extracts or malted grain 
acted upon by yeast, during the production of alcohol.   

Fermentation is a process of chemical change caused by organisms or their products, 
usually producing effervescence and heat. Microbiologists consider fermentation as 'any 
process for the production of a product by means of mass culture of micro-organisms'. 
Biochemists consider fermentation as 'an energy-generating process in which organic 
compounds act both as electron donors and acceptors'; hence fermentation is 
‘an anaerobic process where energy is produced without the participation of oxygen or other 
inorganic electron acceptors’. In biotechnology, the microbiological concept is widely used. 
 
Microorganisms 

Several species belonging to the following categories of micro-organisms are used in 
fermentation processes: 

Prokaryotic 
Unicellular: 

Multicellular: 
bacteria, cyanobacteria 

cyanobacteria 

Eukaryotic 
Unicellular: 

Multicellular: 
yeasts, algae 
fungi, algae 

Unicellular and micro-fauna are rarely a part of fermentation processes, while isolated 
cells of multicellular animals are frequently cultured. 

Microbial growth in artificial culture 
The rate of growth of micro-organisms and hence the synthesis of various chemical 

compounds under artificial culture, requires organism specific chemical compounds as 
the growth (nutrient) medium. The   kinds and relative concentrations   of   the ingredients of 
the medium, the pH, temperature, purity of the cultured organism, etc., influence microbial 
growth and hence the production of biomass (the total mass of cells or the organism being 
cultured), and the synthesis of various compounds.   The nutrient sources for industrial 
fermentation are given in Table 1. 

TABLE 1 - Nutrient sources for industrial fermentation 

Nutrient Raw material 

Carbon source 
Glucose 
Sucrose 
Lactose 
Fats 
Hydrocarbons 

 
Corn sugar, Starch, Cellulose 
Sugarcane, Sugar beet molasses 
Milk whey 
Vegetable oils 
Petroleum fractions  

Nitrogen source 
Protein 
Ammonia 
Nitrate 
Nitrogen 

 
Soybean meal, Corn steep liquor, Distillers' soluble 
Pure ammonia or ammonium salts 
Nitrate salts 
Air 

Phosphorous source Phosphate salts 
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Fermenters and Bioreactors 
A fermenter is the set up to carry out the process   of fermentation.   The fermenters 

vary from laboratory experimental models of one or two litres capacity, to industrial models of 
several hundred litres capacity, which refers to the volume of the main fermenting vessel (Fig 
1). 

A bioreactor differs from a fermenter in that the former is used for the mass culture of 
plant or animal cells, instead of micro-organisms.   The chemical compounds synthesized by 
these cultured cells, such as therapeutic agents, can be extracted easily from the cell biomass. 
 

  
Figure 1. Bioreactor 

 
The design engineering and operational parameters of both fermenters and bioreactors 

are identical.   With the involvement of micro-organisms as elicitors in some situations, the 
distinction between the two concepts is being gradually obliterated. 
 
Design of industrial fermentation process 
The fermentation process requires the following: 

a) A pure culture of the chosen organism, in sufficient quantity and in the correct 
physiological state; 

b) Sterilized, carefully composed medium for growth of the organism; 
c) A seed fermenter, a mini-model of production fermenter to develop an inoculum to 

initiate the process in the   main fermenter; 
d) A production fermenter, the functional large model; and 
e) Equipment for i) drawing the culture medium in steady state,  ii) cell separation,  iii) 

collection of cell   free supernatant, iv) product purification, and v) effluent 
treatment. 

 
Items a) to c) above constitute the upstream and e) constitutes the downstream, of the 
fermentation process, Fermenters/bioreactors are equipped with an aerator to supply oxygen 
in aerobic processes, a stirrer to keep the concentration of the medium uniform, and a 
thermostat to regulate temperature, a pH detector and similar control devices. 
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Products of fermentation processes 

The growth of micro-organisms or other cells results in a wide range of products.  Each 
culture operation has one or few set objectives (Nissar et al. 2017). The process has to be 
monitored carefully and continuously, to maintain the precise conditions needed and recover 
optimum levels of products.   Accordingly, fermentation processes aim at one or more of the 
following:   

a) Production of cells (biomass) such as yeasts; 
b) Extraction of metabolic products such amino acids, proteins (including enzymes), 

vitamins, alcohol, etc., for human and/or animal consumption or industrial use such as fertiliser 
production;  

c) Modification    of    compounds    (through the mediation of elicitors or 
through biotransformation); and 

d) Production of recombinant products.   
 
A. Microbial biomass 

Microbial biomass is produced commercially as single cell protein (SCP) using such 
unicellular algae as species of Chlorella or Spirulina for human or animal consumption, or viable 
yeast cells needed for the baking industry, which was also used as human feed at one 
time.   Bacterial biomass is used as animal feed.    The biomass of Fusarium graminearum is also 
produced, for a similar use. 
 
B. Microbial metabolites 
i) Primary metabolites: 

During the log or exponential phase organisms produce a variety of substances that are 
essential for their growth, such as nucleotides, nucleic acids, amino acids, proteins, 
carbohydrates, lipids, etc., or by- products of energy yielding metabolism such as ethanol, 
acetone, butanol, etc.   This phase is described as the tropophase, and the products are usually 
called primary metabolites.   Commercial examples of such products are given in Table 2. 
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Table 2 - Examples of commercially produced primary metabolites 

Primary 
Metabolite 

Organism 
 

Significance 
 

  Ethanol 
 

Saccharomyces 
cerevisiae                           
Kluyveromyces fragilis 

Alcoholic beverages 

Citric acid Aspergillus niger Food industry 

Acetone and 
butanol 

Clostridium 
acetobutyricum 

Solvents 

Lysine 
Glutamic acid 

Corynebacterium glutamacium Nutritional additive  
flavour enhancer 

Riboflavin 
 

Ashbya gossipii 
Eremothecium ashbyi 

Nutritional  
 

Vitamin B12 
 

Pseudomonas denitrificans 
Propionibacterium shermanii 

Nutritional 
 

Dextran Leuconostoc mesenteroides Industrial 

Xanthan gum Xanthomonas campestris Industrial 
 

ii) Secondary metabolites: 
Organisms produce a number of products, other than the primary metabolites.   The 

phase, during which products that have no obvious role in metabolism of the culture organisms 
are produced, is called the idiophase, and the products are called secondary metabolites.   In 
reality, the distinction between the primary and secondary metabolites is not a straightjacket 
situation (Ghnimi & Guizani, 2018).  

Many secondary metabolites are produced from intermediates and end products of 
secondary    metabolism. Some    like    those    of     the Enterobacteriaceae do not 
undergo   secondary   metabolism.   Examples of secondary metabolites are given in Table 3. 

 
Table 3 - Examples of commercially produced secondary metabolites 

Metabolite Species Significance 

Penicillin 
Erythromycin 
Streptomycin 
Cephalosporin 
Griseofulvin 
Cyclosporin A 
Gibberellin 

Penicillium chrysogenum 
Streptomyces erythreus 
Streptomyces griseus 
Cephalosporium acrimonium 
Penicillium griseofulvin 
Tolypocladium inflatum 
Gibberella fujikuroi 

antibiotic 
antibiotic 
antibiotic 
antibiotic 
antifungal antibiotic 
immunosuppressant 
plant growth regulator 

 
Secondary metabolism may be repressed in certain cases.   Glucose represses the 

production of actinomycin, penicillin, neomycin and streptomycin; phosphate represses 
streptomycin and tetracyclin production.   Hence, the culture medium for secondary metabolite 
production should be carefully chosen. 
 
C. Production enzymes 

Industrial production of enzymes is needed for the commercial production of food and 
beverages.   Enzymes are also used in clinical or industrial analysis and now they are even 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

274 
 
 

added to washing powders (cellulase, protease, lipase).  Enzymes may be produced by 
microbial, plant or animal cultures.   Even plant and animal enzymes can be produced by 
microbial fermentation.   While most enzymes are produced in the tropophase, some like the 
amylases (by Bacillus stearothermophilus) are produced in the idiophase, and hence are 
secondary metabolites.    Examples of enzymes produced through fermentation processes are 
given in Table 4. 

Table 4 - Examples of commercially produced enzymes 

Organism Enzyme 

Aspergillus oryzae 
Aspergillus niger 
Trichoderma reesii 
Saccharomyces cerevisiea 
Kluyveromyces fragilis 
Saccharomycopsis lipolytica 
Aspergillus species 
Bacillus species 
Mucor pusillus 
Mucor meihei 

Amylases 
Glucamylase 
Cellulase  
Invertase 
Lactase 
Lipase 
Pectinases and proteases 
Proteases 
Microbial rennet 
Microbial rennet 

 

D. Food industry products 
A very wide range of innumerable products of the food industry, such as sour cream, 

yoghurt, cheeses, fermented meats, bread and other bakery products, alcoholic beverages, 
vinegar, fermented vegetables and pickles, etc., are produced through microbial fermentation 
processes.    The efficiency of the strains of the organisms used, and the processes are being 
continuously improved to market quality products at more reasonable costs 
E. Recombinant products 

Recombinant DNA technology has made it possible to introduce genes from any 
organism into micro-organisms and vice versa, resulting in transgenic organisms and the latter 
are made to produce the gene product. Genetically manipulated Escherichia coli, 
Saccharomyces cerevisiae, other yeasts and even filamentous fungi are now being used to 
produce interferon, insulin, human serum albumin, and several other products. 
F. Biotransformation 

Production of a structurally similar compound from a particular one, during the 
fermentation process is transformation, or biotransformation, or bioconversion. The oldest 
instance of this process is the production of acetic acid from ethanol (Bhowmik & Patil, 2018). 
Immobilised plant cells may be used for biotransformation.   Using alginate as the immobilising 
polymer, digitoxin from Digitalis lanata was converted into digoxin, which is   a therapeutic 
agent in great demand.    Similarly, codeinone was converted into codeine and tyrosine 
from Mucuna  prurienswas converted into DOPA. 
G. Elicitors 

It is possible to induce production or enhance production of a compound in cultures by 
using elicitors, which may be micro-organisms.     For 
example, Saccharomyces cerevisiae  was   an efficient elicitor in the production of glyceollin 
(Glycine  max) and  berberine (Thalictrum rugosum).   Rhizopus arrhizustrebled diosgenin 
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production by Dioscorea deltoidea.  The production of morphine and codeine by Papaver 
somniferum was increased 18 times by Verticillium dahliae. 
 
CONCLUSION 

Fermentation technology is a very vibrant and fast growing area of biotechnology, 
absorbing an ever increasing processes   and products. With a longer history than any area of 
biological sciences, fermentation technology has a longer and brighter future, in the service of 
mankind, covering such important areas as food and medicine. 
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INTRODUCTION:  
Freezing is a major environmental stress, interacting economic damage on crops and limiting 
the distribution of both wild and crop species. Therefore, understanding freezing and how it 
damages plants is of extensive practical importance. Improvements in imaging methods are 
providing a precise description of the initiation and spread of ice and of the nature of damage. 
Freezing and thawing of leaves of herbaceous plants leads to damage when the freezing 
temperature falls below a certain tolerance limit, which depends on the plant species and state 
of acclimation. Such damage is expressed as an irreversible inhibition of photosynthesis 
observed after thawing. In frost-damaged leaves the capacity of photosynthetic reactions of the 
thylakoid membranes is impaired. Particularly, the water-oxidation system, photosystems II and 
I are inhibited. However, it appears that CO2 assimilation is more readily affected by freezing 
stress than the activity of the thylakoids. The inhibition of CO2 fixation seen in initial stages of 
damage seems to be independent of thylakoid inactivation. This can be shown by chlorophyll 
fluorescence analysis made simultaneously with measurement of CO2 assimilation.  

PLANT FREEZING: 
Plants and plant parts freeze when they cannot avoid nucleation and cannot prevent the 
growth of ice. A lower limit to freeze avoidance for plants and their organs and tissues. Even for 
single cells, if they have not frozen or been freeze dehydrated at a higher temperature, then 
they will freeze internally near -400C (the homogeneous nucleation point being depressed by 
solutes). However, cells with highly viscous contents, such as any cells dehydrated by growth of 
extracellular ice, are likely exceptions. These may form a glass (vitrify) rather than freeze 
(Frankow, 2001). Vitrification occurs in cells of deeply frozen popular and this may explain why 
some tree species can survive temperatures down to liquid nitrogen and liquid helium 
temperatures. Nucleators operating in nature are partly understood. INA bacteria commonly 
found on plants comprise strains of several species (such as Pseudomonas syringae and Erwinia 
herbicola), which produce a protein able to nucleate freezing at temperatures as high as -80C. 
However, the presence of INA bacteria is not a universal explanation of nucleation of ice in 
plants. Sizes of INA bacterial populations vary greatly between plant species, sites, climates and 
seasons, and only a small percentage of cells in a population are €efective nucleators (Lindow, 
1990).  

Anti freez components:  
Plants also produce factors that can inhibit ice formation or its growth such as cereal cell wall 
polysaccharides  and antifreeze proteins (AFPs) . AFPs are defined by their ability to modify 
freezing in vitro, and the name does not necessarily indicate their function in vivo. It is unlikely 
that the role of AFPs is to prevent plants from freezing. Cereal leaves and leaves of many other 
species do not use a freeze-avoidance strategy . Plant AFPs would not e€ectively prevent 
freezing since they only lower the temperature at which ice is stable by 0.3 8C . Suggested roles 
include controlling the sites of ice formation, the rate at which ice grows, or inhibiting 
recrystallization. 
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EFFECT OF COLD STRESS IN CROP PLANTS: 
Cold stress generally results in poor germination, stunted seedlings, yellowing of leaves, 
withering and reduced tillering. The effects of cold stress at the reproductive stage of plants 
delay heading and result in pollen sterility, which is thought to be one of the key factors 
responsible for the reduction in grain yield of crops (Suzuki et al., 2008). The major adverse 
effect of cold stress in plants has been seen in terms of plasma membrane damage. This has 
been documented due to cold stress-induced dehydration (Steponkus et al., 1993). The plasma 
membrane is made up of lipids and proteins. Lipids in the plasma membrane are made up of 
two kinds of fatty acids: unsaturated and saturated fatty acids. Unsaturated fatty acids have 
one or more double bonds between two carbon atoms, whereas saturated fatty acids are fully 
saturated with hydrogen atoms. 

COLD STRESS TOLERENCE:  
Exposure of plants to temperature stress leads to the modification of metabolism in two ways. 
First, plants try to adjust their cellular metabolism that altered due to rising or falling of 
temperatures. Temperature stress changes the structure, catalytic properties and function of 
enzymes and membrane metabolite transporters (Kubien et al., 2003). Interestingly, regulatory 
mechanisms of plants become active and function to restore normal metabolite levels, and 
most importantly, metabolic fluxes (Fernie et al., 2005). Secondly,the modifications of 
metabolism in response to temperature stress are mainly linked to enhanced tolerance 
mechanisms. Many metabolites thought to have important properties that could contribute to 
induced stress tolerance have long been linked to stress responses . Particular interest has been 
focused on metabolites that can function as osmolytes. Cold stress-induced genes are known as 
cold-responsive genes. Most of such genes encoding polypeptides are homologs of late 
embryogenesis abundant proteins and the polypeptides that are synthesized during the late 
embryogenesis phase . These late embryogenesis abundant-like proteins are mainly hydrophilic 
and have relatively simple amino-acid composition. Cold stress induces three dehydration-
responsive elements or C-repeat binding factor genes in Arabidopsis such as AtCBF1 (DREB1B), 
AtCBF2 (DREB1C) and AtCBF3 (DREB1A). Dehydration-responsive elements or C-repeat binding 
factors bind to the promoter of cold-responsive genes and other coldregulated genes. The over 
expression of these regulatory elements not only resulted in increased freezing tolerance but 
also an increase in drought tolerance . 

Conclusion & Future Prospectus: 
However, the results of the transcriptome study demonstrate the highly complex nature of 
plant adaptation to low temperature. To overcome this problem a transgenic approach to 
promoting cold tolerance has been widely adopted, with some success. For example, increasing 
the accumulation of two compatible solutes, that is, glycinebetaine and trehalose, in transgenic 
rice by overexpressing either E. coli choline oxidase, or trehalose-6-phosphate synthase fused 
to trehalose-6- phosphate phosphatase, enhanced tolerance to both salt and cold. For 
acclimation to cold stress, plants involve precise signaling and regulation of the transcriptome. 
Among the various reported transcription factors, an inducer of dehydration responsive 
elements or C-repeat binding factor expression-1 and dehydration-responsive elements or C-
repeat binding factors play pivotal roles in the regulation of cold-responsive genes and 
providing cold tolerance to plants. 
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INTRODUCTION: Fertilizer use is an integral part of intensive agriculture. No country has been 

able to increase agricultural productivity without expanding the use of mineral or synthetic 

fertilizers. During the first five decades (1960-61 to 2000-01), the role of synthetic fertilizers in 

augmenting food grain production has been widely recognized in both the developed and 

developing world. It has been revealed that fertilizers are the kingpins of the green revolution 

and the best hope for meeting the food challenges in future. On an conservative forecast of 1.3 

billon population by 2025, India would need 30 to 35 million tonnes of N, P and K from 

fertilizers in addition to 10 million tonnes from organic and bio-fertilizer sources, to produce 

the minimum food grain need of 300 million tonnes (Pathak et. al., 2004). Only 30- 50 % of 

applied nitrogenous fertilizer is used by crops and a significant amount of the nitrogen is lost 

from agricultural field to the environment via the process of leaching, denitrification, 

volatilization and immobilization. Global fertilizer consumption has increased substantially since 

1950. Between 1960 and 1995, global use of nitrogenous fertilizer increased seven fold and is 

expected to increase another three folds by 2050 unless there is substantially improvement in 

nitrogen use efficiency.  Post independent India realized the need of increased use of fertilizers 

to increase crop yields & ensure food security. Government implemented favourable fertilizer 

policies to encourage domestic fertilizer production, its adequate availability, equitable 

distribution and increase use of fertilizers. 

Factors threatening crop productivity 

• Less use of high yielding and hybrid varieties 
• Inadequate irrigation facilities  
• Poor techniques of crop production 
• Erratic rainfall and its uneven distribution (unreliable monsoon) 
• Low level of farm mechanisation 
• Lack of credit and marketing facilities 
• Lacuna in transfer of technology and its implementation  
• Imbalanced fertiliser use 
• Inadequate use of secondary & micro nutrients 
• Declining fertilizer response 

Imbalanced fertilizer use 

Nutrients are an input for guiding sustainable production & growth of agriculture. In some 

states the farmers are using unusually high levels of nitrogenous fertilizers that have widened 

the gap in the N: P: K ratio against the recommended practice of 4: 2: 1. This ratio is also 
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widened more years after year which decreases the fertility status of the soil and causing 

decline in productivity of the crops. 

This is may be due to- 

• Excess supply of nitrogenous fertilizers  

• Low or less application of P and K fertilizers 

There is decrease in fertilizer response over the years. In 1970 there was 13.4 kg grain/kg N, P 

and K application but it was reduced to 3.7 kg grain/kg N, P and K application. So there was 

nearly 3 times decrease in fertilizer response. It means we need three times more fertilizer to 

maintain the same productivity. So day by day the fertilizer consumption is increasing which 

ultimately cause the burden on Govt. of India to import this huge amount of fertilizers.  

Concept of developing Ideal Fertilizer 

 Slow release fertilizer- Release of nutrients very slowly but continuously. N-serve, Urea 

formaldehyde, IBDU, CDU etc. 

 Control release fertilizer- Release of nutrients in a control manner but not continuously.  

Sulfur coated urea, Neem coated urea, Lac coated urea etc. 

 Smart release fertilizer- It is a sensor based fertilizer. Plant releases some chemicals when 

plant facing the nutrient deficiency and the fertilizer open the pore when that chemicals 

release only. Then water is entered and nutrient is released. When the plants correct their 

deficiency then the release of chemical is stopped and then the pore is closed accordingly 

and water entry is restricted and nutrient release is also stopped. 

 Customized fertilizer: The Central Fertilizer Committee has included customized fertilizers 

in the Fertilizer (Control) Order 1985, as a new category of fertilizers that are 

location/area/soil/crop specific. Customized fertilizers are multi- nutrient carriers facilitating 

the application of the complete range of plant nutrients in right proportion to suit the 

specific requirements of a crop during its stages of growth. Soil fertility status, climate, and 

cropping pattern in a region pave the way for the development of customized fertilizer 

formulations. Customized fertilizers are unique and ready to use granulated fertilizers, 

formulated on sound scientific plant nutrition principles integrated with soil information, 

extensive laboratory studies and evaluated through field research. Customized fertilizers 

development process is complex but, the end very promising. It optimizes the nutrient use 

for quality produce, high farm productivity and profitability. The farmer will have choice for 

customized fertilizers on account of crop and area specificity and the advantage of ready to 

use fertilizer material available to them. It can maximize nutrient use efficiency and 

ultimately programmed to improve soil fertility hence, are environmental friendly as well. 

Of late, FCO recognizes these fertilizers and are defined as: Multi-nutrient carriers designed 

to contain macro, secondary and/or micro-nutrient both from inorganic sources and/or 

organic sources, manufactured through a systematic process of granulation, satisfying the 

crop’s nutritional needs, specific to its site, soil and stage validated by a scientific crop 

model, capability developed by an accredited fertilizer manufacturing /marketing company. 
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How customized fertilizers are produced? 

Analysis of the fertility status of the soil

Use of empirical models to attain target yield

Use of secondary research data and experiential learning

Validation of formulation grade

Preparation of formulation grade of customized fertilizers

 

1. Analysis of the fertility status of the soil  

For soil fertility tracking the geo-referenced sampling of soil, crop and water samples is 
done by a qualified team of crop specialist. The geo-referenced sampling is a rigorous process 
which is done in a two months time available after Rabi and Kharif season [after Rabi season 
(June) and after Kharif season (October and November)]. Crop specialist use hand held GPS 
(Global Positioning System) and record latitude, longitude and altitude value of the field from 
where they take sample. Soil, crop and water samples are analyzed for nutrients to build 
database for deciding the management zones. 

2. Use of empirical models to attain target yield  

QUEFTS needs to be calibrated for ‘a’ and ‘d’ values for N, P and K; which basically refers 
to the nutrient uptake efficiency under adequate and limited grown conditions For this 
purpose, the database from secondary literature as well from crop cutting trials were collected 
for the test crop to develop customized fertilizer basal grade. The soil supplying capacity was 
computed on the basis of soil test. The mechanistic model of QUEFTS was run for optimizing N, 
P and K requirement for a targeted crop yield by using the ‘a’ and ‘d’ values and the model class 
soil test values for N, P and K. On the basis of the general availability of the micronutrient, 
common representative dose of these specific nutrients were decided. Soil Test Crop Response 
(STCR) approach was also applied in optimization of N, P and K for the same target yield of the 
crop. 

3. Use of Secondary Research Data and Experiential Learning and preparation of 

formulation grade  

Value of N, P and K requirement from both the approaches were compared and 

evaluated. The final decision making was however based on secondary research data and 

experiential learning. 

4. Validation of Formulation Grade 

Multi-location trials were conducted on the farmers’ fields and KVK farms using 

prevalent recommended varieties of the test crop. In all these tests, RBD design was used with 

4 replications. 
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Need for Value Added Fertilizers 

• Changing focus in production (Maximise value, not only yield) 

– Disease/pest & other stress resistance 

– Appearance, size, taste & nutritional value of final produce 

• Increasing preference for quality parameters 

     – Productions being planned for different market segments with specific quality 

requirements 

• Area under high value crops on the rise 

     – Fruits, flowers, exotic and off-season vegetables often have specific nutritional 

requirement 

• Increasing focus on balanced plant nutrition 

    – Crop and region specific nutrition solutions based on soil test data 

• Changing Crop growing conditions 

    – Availability as well as quality of soil & water is fast changing 

    – Noticeable change in climate pattern across geography 

CONCLUSION 

 Customized fertilizers have shown a promise to maintain soil health. 
 Addition of secondary and micronutrients has become inevitable in Indian agriculture, 

hence customization is required. 
 Both customized and value-added fertilizers are yield enhancers.                                        

                   Customized fertilizer- upto 28% in rice & 16% in sorghum  
                   Value added fertilizer- upto 12% in rice & 20% in mustard 

 These fertilizers also give good economic return to the farmers. 

Challenges 

 Subsidy on Fertilisers 
 Heavy customs duty on some products 
 Low awareness among farmers 
 New product introduction 
 Negligible research work taken up by the scientist  

 

REFERENCES: 

[1]. Pathak H., Singh, U. K., Patra, A. K. and Kalra, N. (2004). Fertilizer use efficiency to 

improve environmental quality. Fertilizer News 49 (4). 95-98 & 101-105 
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Citrus is a popular, prominent fruit crop of tropical and sub-tropical climate and it is valued for 

segments in the fruit, used as fresh fruit, juice, beverages and also used in culinary for sour 

taste. Citrus fruit acidic nature could lead to sour and sweet taste. The citrus fruits usage 

increase due to dietary, nutritional, medicinal important and cosmetic properties. Citrus fruit 

are good source of citric acid, flavonoids, phenolics, pectin, limonoids and ascorbic acid. Citrus 

fruit is rich source of minerals namely potassium, calcium, folate, phosphorus, magnesium, 

copper, amino acid like thiamin, niacin and vitamins. Commonly grown citrus fruits in India are 

grapefruit (Marsh) 32–45 Kcal energy; lemon, 57 Kcal; Malta orange, 36 Kcal; Mosambi orange, 

43 Kcal; and Nagpur mandarin, 48 Kcal. Citrus fruits contain carbohydrates in the form of 

sugars: sucrose, glucose, and fructose. In mandarins and tangerines, the ratio of sucrose, 

glucose, and fructose is generally 2:1:1. Total soluble solids in juice consist mainly of sugars. 

Fibrous rag and many other polysaccharides, which may also provide calories, are also eaten 

when fresh citrus fruit is consumed. A 150-gram edible portion of orange provides 17 g of 

carbohydrate that can supply up to 73 kilocalories energy. Citrus fruit or juice is a excellent 

refreshing drink 150–200 ml glass of orange juice provides many nutrients (Table 1). Citrus 

fruits containing carotenoids are mainly associated with pulp and its particles extracted in the 

juice; hence too much filtration of juice is likely to remove provitamin A activity from the juice. 

It is advisable to eat fruit rather than to drink its juice since many antioxidants present in the 

pulp or fibrous part are removed when juice is sieved.  

 Citrus fruits provide adequate nutrition with respect to vitamin C. Vitamin C content 

decreases with fruit maturity in oranges, tangerines, and grapefruit. Hence fruits are advise to 

harvest at mature stage or more healthful than fruit harvest at over ripen stage. Thiamin 

(vitamin B1) increases from 0.5–0.6 g to 0.75–0.8 g per gram of juice with ripe maturity in 

oranges. Similarly, niacin content also increases with ripe stage. Folic acid, folate, and folacin 

are interchangeable forms exist in the citrus fruit, its deficiency is known to cause a type of 

anemia can be relive by consumption of fruit juice. Folic acid is prone to oxidation and is 

generally protected in fresh fruit because of the antioxidant property of ascorbic acid (vitamin 

C). Vitamin E, or α–d–Tocopherol has been reported to be present in oranges helps in immune 

system. Citrus juices also provide flavonoids, limonoids, and other health-promoting substances 

such as dietary fibers and pectin are present in citrus fruit. Fresh fruit are rich sources of 

nutrients and bio-active compounds like antioxidant, phenols and flavonoids along with 

complex carbohydrates.   
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Table 1: Nutrient content of citrus juices  

Nutrient Orange juice Tangerine juice Grapefruit juice 

Vit- C 45–50 mg 30–31 mg 30–35 mg 

Vit -A 190– 400 IU 350–420 IU Trc–21 IU 

Vit -E 100 μg – – 

Thiamin (B1) 50–80 μg 50–80 μg 30–40 μg 

Riboflavin 20–40 μg 20–40 μg - 

Niacin 300–600 μg 200–250 μg 200 μg 

Calcium 10–11 mg - 9–10 mg 

Iron 0.1–0.2 mg - - 

Vit- B6  (Pyridoxine) 47–66 μg 40–50 μg 18–20 μg 

Folic acid 34 μg 21 μg 8 μg 

Phosphorus 14–20 mg 16–18 mg 15–18 mg 

Iodine 0.25 μg – – 

Magnesium 8–12 mg 10–15 mg 8–10 mg 

Zinc 25–30 μg – – 

Copper 50–160 μg - - 

Pantothenic acid 130–150 μg - 280–300 μg 
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INTRODUCTION 

The agriculture crops are vulnerable to attack number of plant pests and pathogens 
which is cause significant loss in crop production and it estimated about 20 to 40 per cent every 
year in the globe (Flood, J, 2010). Last five decades, after green revolution, farmers rely heavily 
on the application of pesticides, such as insecticides, fungicides, and herbicides for pest 
management. Despite of many advantages, like high availability, quick action, and reliability, 
pesticides have also several harmful side effects towards non-target organisms, pest 
resurgence, and the development of resistance. Another drawback of these pesticides, it is 
reached only 10 % on their targeted site, remaining that 90% are lost during or after application 
(Stephenson, G.R, 2003). As a result of theses residues, adversely affected human health and 
environment, while the entry of these pesticides residues into food chain and their 
bioaccumulation triggers several unforeseen consequences (Sharma et al, 2018). 

Nanotechnology has emerging science, development of new ideas and concepts for 
agricultural products with great potential to increase the productivity as sustainable manners. 
Nanotechnology has mainly focus on advanced research in field of medicine and pharmacology, 
but has received comparatively less attention for agricultural applications. Last few years 
nanotechnology has also focus research in agriculture to explored in plant hormone delivery, 
seed germination, water management, transfer of target genes, nanobarcoding, nanosensors, 
and controlled release of agrichemicals and development of nanopesticides (Hayles et al., 
2017). Nanotechnology have change the concept of pesticides with desired characteristics, like 
shape, pore size, and surface properties, so that they can then be used as protectants or for 
precise and targeted delivery via adsorption, encapsulation, and conjugation of an active. Now 
Nanotechnology are develops in agricultural field, the potential to provide a new generation of 
pesticides and other actives for plant disease management will greatly increase. This article is 
mainly focus on the potential of nanotechnology in field of crop protection with special 
reference in plant diseases management. 

Nanotechnology in Plant Disease Management 
Detection of phytopathogens 

Plant pathogens are infected to plant from germination to harvesting stage of crops and 
also on seed in storage.  Forthcoming detection of plant pathogens would help in timely 
management of these pathogens with the application of pesticides in the field as well as 
storage (Bergeson, 2010). Nanoparticles can be used as biomarkers or as a rapid diagnostic tool 
for detection of plant pathogens such as bacteria, viruses and fungi. Nanoparticles primarily 
based sensors may supply improved detection limits in detection infectious viral 
phytopathogens in crops. Nanoparticles will either be directly changed to be used in infective 
agent recognition or for a diagnostic tool to detect compounds indicative to infected condition 
of the plant. Nano-chips are used as a detector tool as a form of microarrays that contain 
fluorescent oligo capture probes through that the sexual union are often detected. The 
nanochips are high specific tools and it is famous for their high sensitivity and specificity in 
detection of single nucleotide change in bacteria and viruses. Fluorescence silica nanoparticles 
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with the combination of antibodies are used to detect Xanthomonas 
axonopodis pv. Vesicatoria that causes bacterial spot disease in plants and the utilization of 
nano-gold primarily based immune sensors that would sight Karnal bunt disease in wheat 
(Tilletia indica) using with Surface Plasmon Resonance (SPR) (Singh et al., 2010). Application of 
SPR sensing element within the seed certification and plant quarantines could prove extremely 
effective and correct within the detection of infection in plants. Analysis on infective agent 
detection nanosensors for his or her field application would be extremely valuable for fast 
diagnosis and disease management. 

Nanoparticles as Protectants  
 Using the nanoparticles as plant protectants is a novel and fancy approach that may 

prove very effective in future with the progress of application aspect of nanotechnology. 
Nanoparticles are ultra-small size of the particle range from 10 to 100 nanometers (nm), and 
their very high degree of reactivity/sensitivity, and can be designed with unique chemical, 
physical, and biological properties, to distinctively differ from those of their molecular and bulk 
counterparts. Nanoparticles alone have the potential to be directly applied to plant parts, 
seeds, foliage and roots for protection against phytopathogens such as insects, bacteria, fungi, 
and viruses. The number of metals nanoparticles such as silver, copper, zinc oxide, and titanium 
dioxideis intensively used in pesticide researched to find out for their antibacterial, antifungal 
properties, and also their antiviral properties. There are number of literature reviews pertaining 
to the individual nanoparticles that already exist. Generally the silver had been non toxic to 
microorganisms, whereas silver nanopartcles have inhibited the colonization of Straphylococcus 
aureus, Pseudomonas aeruginosa and Escherichia coli. Silver nanoparticles have shown 
antifungal inhibition of Alternaria alternata, Sclerotinia sclerotiorum, Macrophomina 
phaseolina, Rhizoctonia solani, Botrytis cinerea, and Curvularia lunata by well diffusion assay. 
Antibacterial activity of zinc nanopartcles against P. aeruginosa has been also reported by 
Jayaseelan et al. (2012).  The synthesized Ag NPs/PVP also shows the antibacterial activity 
against the Straphylococcus aureus, P. aeruginosa and E. coli and antifungal activity against 
different yeast and molds such as Candida albicans, C. krusie, C. glabrata and Aspergillus 
brasiliensis. Cuo NPs has also showed that the antibacterial activity against S. aureus, P. 
aeruginosa, Bacillus subtilis and E. coli (Azam et al., 2012). However, Micronutrients, CuSo4 and 
Na2B4O7 reposted that the found effective in controlling rust disease of field peas. 
Micronutrient like zinc and manganese also suppressed the damping off and charcoal rot 
diseases in sunflower (Abd El-Hai et al., 2009). All these nanoparticles showed their immense 
potential for plant disease management against fungal and bacterial pathogens. 

 

 

CONCLUSIONS 
Nanotechnology is emerging science in agricultural research and it has potential 

prospect of use and application in plant diseases management. Nanotechnology provided a 
tools for disease diagnosis and development of nanoparticles as a plant protectant against the 
plant pathogens which improve improved solubility of poorly water-soluble pesticides, 
increased bioavailability and efficacy of pesticides and reduced pesticide toxicity against non 
targeted host, reduced the environment al pollutions and it also improve the selective toxicity 
and overcome pesticide resistance. 
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Botanical name : Cucumis melo var. flexuosus Naud. (syn. var. utilissimus) 
Chromosome number : 2n = 2x = 14 
Family : Cucurbitaceae 
Origin : Turkey 
Edible portion: Unripe fruits 
 
 
INTRODUCTION 
 Long melon, locally called tar or kakri, is known by various names like snake melon, 
serpent cucumber, snake cucumber, serpent melon, Armenian cucumber and oriental 
cucumber. Long melon is also one of them. Some of them are used in the form of salad, cooked 
as vegetables, and preserved in the form of sweets. It is grown mainly grown in tropical, sub 
tropical and milder zones of India.The fruits are slender (2.5-5.0 cm diameter), elongated (40-90 
cm), pale or dark green, smooth or ridged, pubescent and variously curved. Long melon 
popularly known as kakri is valued for tender fruits which are eaten raw along with salt and 
pepper. Long melon is an important river-bed crop. Where it is grown mixed with other 
cucurbits. Along with summer squash, it matures earlier than most other cucurbits sown 
simultaneously. If it is taken without salt, it is not easily digested.  
 
Distribution 
 Long melon is cultivated in tropical and sub-topical regions of the world. It is a popular 
vegetable of Turkey, Saudi Arabia, Egypt, India and Pakistan. In India, it is an important crop of 
Uttar Pradesh, Punjab and Haryana. 
 
Food Value  
 Long melon is one of the low calories vegetable; provides just 15 calories per 100 g. It 
contains no saturated fats or cholesterol. Its peel is a good source of dietary fiber that helps 
reduce constipation, and offers some protection against colon cancers by eliminating toxic 
compounds from the gut. Per 100 g fresh fruit weight, the constituents are 96.4 g moisture, 2.8 
g carbohydrates, 0.4 g protein, 0.1 g fat and 0.3 g minerals (0.01 g calcium, 0.03 g phosphorus, 
0.0015 g iron). 
 
Uses  
 Long melon is primarily used as a salad vegetable. The fruits are also sometimes cooked 
and pickled. In South India, it is used in some kind of curry preparation with buttermilk and 
yogurt. Finely chopped fruit slices are mixed with yogurt, cumins, coriander, pepper, and salt to 
make Indian raita. The cut fruits can be used as a moisturizer for the skin. Long melon roots are 
diuretic and emetic. 
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Improved Varieties 
Punjab Long Melon-1 (PAU, Ludhiana)  
It is an early maturing selection from a local material collected from Hoshiarpur, Punjab. Vines 
are long with angled, hairy and light green stem. Leaf petiole is large, cylindrical and light green. 
The fruits are long, thin and light green. Average yield is 215 quintals per hectare. 
Karnal selection:  
Prolific bearer. It has tender fruits which are light green in color, long in length and flesh is 
crispy with good flavor.  
 

Arka Sheetal (IIHR, Bangalore)  
It is developed by selection from a local material collected from Lucknow, Uttar Pradesh. The 
fruits are light green covered with soft hair and medium long (22 cm long and 7.8 cm girth) with 
shallow furrows. Average fruit weight is 100 g and yield is 350 quintals per hectare. 
 

Floral biology 

Plants are monoecious in nature. Corolla is showy, yellow in colour. Petals are 5 in 
number, united; stamens are attached to calyx tubes. Ovary is inferior. The period of bud 
developmental stage is completed within 12-15 days in male and within 11-13 days in female 
bud.  
Climate  
 Long melon is adapted to tropical and sub-tropical climates. It is sensitive to frost. Hot 
and dry weather favours vegetative growth and fruit development. 
 

Soil  
 Long melon prefers well-drained sandy loam or loamy sand soils with pH in the range of 
6.0-7.0. The light soils are desirable for early maturity. 
 

Time of sowing:  
  February-Mach month is appropriate for seed sowing. 
Sowing depth:  
  Sowing depth of 2.5-4cm is used. 
Method of sowing: 
  Seeds are directly sown on bed or ridge. 
Sowing Time  
 In north Indian plains, long melon is grown both as a summer and a rainy season crop. 
The summer crop is sown from end February to March and the rainy season crop from June to 
July. Sowing in riverbeds is done from November to December.  
Seed Rate 
 One to one and a half kilogram seed is sufficient for planting one hectare.  
Spacing 
 
 Sowing is done at a depth of 1.0 cm. Depending upon the variety and other conditions, 
planting is done on raised beds 1.80-2.40 m wide, keeping 60-90 cm spacing between plants. 
Use 200-250cm of spacing between the channels and 60-90cm of spacing between the hills. 
Two seeds are sown at one place for good stand. 
Manures and Fertilizers  
 Fertilizer dozes vary with soil and the variety. Apart from 15-20 tonnes of FYM applied at 
the time of field preparation, 100 kg nitrogen, 75 kg phosphorus and 50 kg potash per hectare 
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are applied. Whole of phosphorus and potash and half of nitrogen is applied at the time of bed 
preparation. The remaining nitrogen is applied in two split dozes, the first twenty days after 
sowing and the second twenty days thereafter. Method of application is the same as described 
under muskmelon. 
Irrigation  
 Long melon requires maintenance of adequate moisture in the soil for vegetative 
growth and fruit development. The first irrigation is given immediately after sowing to facilitate 
proper seed germination. Subsequent irrigations in summer months are given at 3-4 day 
intervals. In rainy season, irrigation is given only if there is a prolonged dry spell. 
 

Interculture practices and weed control 
(1)   Thinning of plants should be done 10-15 days after sowing retaining only 2 healthy 
seedlings in each hills. 
(2)   Two shallow hoeing should be done before spreading of vines to control weeds. 
(3)   Apply Fluchloralin or Trifluralin (0.75-1.5kg/hec.) as pre plant soi incorporation at two 
weeks before sowing. 
(4)   The crop should be top dressed with nitrogen (25kg/hec) at 30-35 days after sowing. 
 

Plant protection practices 
Fungal diseases 
Powdery mildew 
 

Symptoms 
Powdery mildew is a fungal disease caused by Erysiphae cichoracearum and E fuliginea.The 
powdery mildew on the foliage and green stems is characterized by the appearance of tiny. 
white to dirty grey spots (sometimes with a reddish brown tinge). They become powdery as 
they enlarge. The effect of severe infestation may be premature death of the vines. Fruits also 
get covered with the white powdery mass but this is not common. The fruits remain undersized 
and sometimes are deformed. 
 

Control 
1. Blue copper/Blitox (0.4%) or Dithane M-45 (0.2%) bas also been recommended to spray at 8 
days       interval. About 3-4 sprays will be enough. 
2. Sulfex (0.2%) can also be sprayed at an interval of 5-6 days. About 2-3 sprayings will be 
required.  Spray of sulfex is economically cheaper than other chemicals such as calixin and 
Bavistin. 
3. The cucurbitaceous weeds should not be allowed to grow near cultivated field of these 
vegetables. 
 
Pests 
Red pumpkin beetles 

 The commencement of their activity after winter generally corresponds with the early 
growing season of the spring crop of the cucurbit vegetables. The damage continues to be 
caused even in the later stages of the crop, but it is not so much serious as in the case of 
seedlings. The larval stage of the pest also does considerable damage as it bores into the roots, 
stems and even the fruits on which the attack starts from the portion resting on the ground. 
The attacked plants wither and die and the affected fruits become unmarketable. 
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Control 
1. Plough the field after harvest to destroy the pupae and larvae of the pest. 
2. Early sowing of cucurbit plants i.e. in November protect the crop from appearing the 
hibernation as the plants are well established by that time. 
3. Dusting the crop with kerosinized ash will repel the beetles. This method is more suitable for 
kitchen garden crops. 
4. The vines may be dusted with Malathion 5% dust @ 15 -20 kg/ha or Carbaryl 4% dust @ 15 -
20 kg/ha. 
5. Spray Malathion (Cythion 50 EC at 2 m1/litre of water or Carbaryl (Sevin 50 W.P. at 2 g/litre 
of water). The spray should be done at weekly interval. 
 
Harvesting 
 Long melon fruits are harvested when they are 20-30 cm long but are still tender and 
succulent with hairy growth. Fruits of long melon attain marketable maturity in one week after 
fruit setting. Depending upon the variety, season and location long melon takes 70-90 days 
from sowing to reach harvestable maturity. Harvesting is done at 2-3 day intervals either early 
in the morning or late in the evening to prevent desiccation of fruits due to hot dry weather 
conditions. Over-mature fruits become tough, pale yellow and dull and show separation of 
carpel when cut transversely. 
 
Post Harvest Handling 
 Quality in long melon suffers due to attack by fruitfly. Since the fruits develop very 
quickly, the quality of fruits deteriorates if harvesting is delayed even by a day. Fruitfly 
damaged and over-mature fruits are culled before marketing. The fruits are packed in baskets 
before marketing. In hot summer months, the fruits are repeatedly sprinkled with water so that 
they remain fresh and do not loose turgidity. 
 
Seed Production  
For seed production long melon fruits are allowed to ripen on vines. The seed crop of long 
melon should also be isolated from muskmelon, snap melon and wild melon due to their cross 
compatibility. A minimum isolation distance recommended is 500 m and the seed crop is 
inspected thrice; first at vegetative growth stage, second at flowering and fruit set stage and 
lastly at ripe fruit stge. The seed along with pulp is extracted from mature fruits and is allowed 
to ferment  for 1-2 days so that the seed separates from pulp. The seed is then washed in clean 
water, dried to 7 per cent moisture or less and stored. 
 
WWW SUGGESTED WEB SITES 
1. http://www.ibiblio.org/pfaf/cgi-bin/arr_html 
2. Dai N, et al. Metabolism of soluble sugars in developing melon fruit: A global transcriptional 
view of the metabolic transition to sucrose accumulation. Plant Mol Biol. 2011;76:1–18.   
3. Pech JC, Bouzayen M, Latché A. Climacteric fruit ripening: Ethylene-dependent and 
independent regulation of ripening pathways in melon fruit. Plant Sci. 2008;175:114–120.  
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INTRODUCTION:- 

Biogas is mixture of gases produced by the breakdown of organic matter in the absence 

of oxygen. Biogas can be produced from agricultural waste, manure, green waste or food waste 

etc. Biogas is major renewable energy source. 

Biogas is produced by anaerobic digestion from micro-organism, which digest material 

inside a closed system or ferment biodegradable materials. This system is called an anaerobic 

digester, bio digester or a bioreactor. 

                       

Biogas is primarily methane (CH4) and carbon dioxide (CO2) and may small amounts of 

hydrogen sulfide (H2S), moisture and other trace gasses. Among all these gasses methane is 

combusted or oxidized with oxygen. This release energy and allow biogas to be used as a fuel. 

Process:- 

To produce biogas, organic matter is fermented with the help of bacterial communities. 

Four stages of fermentation move the organic materials from their initial composition into 

biogas state. The first stage of the digestion process is the hydrolysis. In the hydrolysis stage 

insoluble organic polymers (such as carbohydrates) are broken down, making it accessible to 

the next stage of bacteria called acidogenic bacteria. The acidogenic bacteria convert sugars 

and amino acids into carbon dioxide, hydrogen, ammonia and organic acids. At the third stage 

the acetogenic bacteria convert the organic acids into acetic acid, hydrogen, ammonia and 

carbon dioxide which allow it for the final stage- the methanogenesis. The methanogens 

convert these final components into methane and carbon dioxide, which can be used as a 

flammable, green energy. Methanogenesis is carried out by Archaea which are prokaryotic 

micro-organism but not bacteria. (Woese, Kandler & Weelis, 1990) 

Step by step process: 

Hydrolysis     →     Acidogenesis     →     Acetogenesis     →     Methanogenesis. 
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Composition of gas is somewhat depend on the type of input slurry. Also the recovery of 
the gas in full retention period is depend on input slurry. 

One research has been carried out in Ebonyi State University, Abakaliki. In which 17 Kg 
of cow dung & 34 Kg of water is used. Noticed retention period is 30 days and 124 L of total gas 
is produced. Which simply denotes that 1 Kg of slurry produces 2.42 L gas overall. Digestion 
process started from 2nd day and peak rate was at 10th day. 

One equation is obtained from all the results which is,  

    Retention period   1/α   Volume of gas produced daily 

Composition of slurry:- In case of poultry dropping the composition of input slurry & digested 
effluent is given below. Composition of gas in two different types of waste is given below: 
Table No. 1: Composition of gas 
 CH4 

(%) 
CO2 
(%) 

N2 

(%) 
O2 

(%) 
H2O 
(%) 

H2S (mg/m3) NH3 

(mg/m3) 
Total 
(%) 

Agricultural 
waste 

60-75 33-19 1-0 <0.5 6 3000– 10,000 50 - 100 100 

Household 
waste 

50-60 38-34 5-0 1-0 6 100- 900      - 100 

Table No. 2: Composition of input & output slurry                       
 Nitroge

n 
Carbo
n 

pH Ash Moistur
e 

Phosphoru
s 

Potassiu
m 

VS Total 
solid 

Before 
digestion (%) 

1.99 14.12 8.10 4.90 69.80 0.31 14.40 81.38 87.4
0 

After digestion 
(%) 

2.25 8.27 8.60 1.90 87.40 0.90 52.7 
mg/100 
gm 

86.11 70.7
9 

                        Source- Ezekoye V.A , Ezekoye B.A. (2011) 

Above character indicates that carbon & ash is only reduced in digestion process. So the 

higher amount of carbon can yield high methane gas. Carbon content of input slurry can be 

increased using some artificial ingredient. Nitrogen & Phosphorus content increase in 

completely digested slurry which is beneficial for agricultural use. 

CNG:- 

Biogas can be compressed, the same way as natural gas is compressed to CNG & used 

to power motor vehicles. Biogas is estimated to have the potential to replace around 17% of 

vehicle fuel. (Claverton Energy Conference Bath, 2009)  Biogas is compressed at 21-25 KPa 

pressure for CNG (Gasses other than methane are removed priorly). CNG have high thermal 

efficiency & low emission. Prices of CNG are low as compared with LPG i.e. CNG- 44.22/Kg and 

LPG- 46.93/Kg (In Mumbai on 18th May 2019) 

Table No. 3: Octane table sowing thermal efficiency 

 CNG Petrol 

Octane No. 130 93 
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Benefit and cost estimation:- 

If the plant capacity is 2 m3 and working with 100 % strength then about 60-65 % of 

volume is only the methane gas , hence out of 2 m3 volume 1.2 m3 is only methane gas and 0.8 

m3 is composition of other gasses. 

 By calculation, 

 If, 2 m3 volume produces 1.108 Kg methane gas. 

 Then 1.2 m3 volume produces 0.665 Kg methane gas. 

Approx. 0.665 Kg methane gas is present in fully working 2 m3 capacity biogas plant and 

if compared with CNG prices then cost of daily produced methane gas is Rs. 29.406 /-.  (Rs. 

882.189 /- for a month.) If the cost of input is estimated then ,  

 Size of biogas plant : 1 m3 

 25 Kg dung and 25 Kg water is required for production of 1 m3 gas 

 Rate : Cow dung - Rs.4 / Kg,  Water – Rs. 0.50 / Kg. 

 Total cost :  Cow dung – Rs. 100 /- , Water – Rs. 12.50 /-.  (112.50 /-) 

 Rs. 112.50 /- is a monthly investment. Daily input slurry is cumulated for daily 

production of gas and future production of gas also when input is not given. 

Dangers:- 

The air pollution produced by biogas is similar to that of natural gas. The content of 

toxic hydrogen sulfide creates problem and has been responsible for serious accidents. Leakage 

of unburned methane gas is an additional risk, because methane is a potent greenhouse gas. 

Biogas can be explosive when mixed in the ratio of one part biogas to 8–20 parts air. Special 

safety precautions have to be taken for entering an empty biogas digester for maintenance 

work. It is important that a biogas system never has negative pressure as this could cause an 

explosion. Negative gas pressure can occur if too much gas is removed or leaked. Because of 

this biogas should not be used at pressures below one column inch of water, measured by a 

pressure gauge. 
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Much of early medicine relied on the prescription of specific plants and herbs for healing, a 

practice still supported by contemporary research. One of the principle recommendations from 

the 2010 Dietary Guidelines is to eat more fruits, vegetables, and whole grains by having fruits 

and vegetables represent one-half of the food on Americans’ plates and making whole grains 

account for one-half of the recommended six or more daily servings of grains.1 That 

recommendation was developed based on several population studies suggesting diets rich in 

fruits, vegetables, and whole grains may offer some degree of protection against cancer, 

cardiovascular disease, type 2 diabetes, and neurodegeneration. 

Consumption of tea, wine, and cocoa, which also are plant based (tea comes from the dried 

leaves of the Camellia sinensis bush, wine from grapes, and cocoa from the dried and 

fermented seed of the Theobroma cacao tree), has been associated with reduced risk of these 

diseases as well. 

Phytochemicals 

Naturally occurring compounds, known as phytochemicals (phyto means plant in Greek) are 

chemical compounds that occur naturally in plants. These phytochemicals   are largely 

responsible for the protective health benefits of these plant-based foods and beverages, 

beyond those conferred by their vitamin and mineral contents. Plants produce phytochemicals 

in order to protect themselves against environmental threats like predator insects, pollution 

and disease. These phytochemicals, which are part of a large and varied group of chemical 

compounds, also are responsible for the colour, flavour, and odour of plant foods, such as 

blueberries’ dark hue, broccoli’s bitter taste, and garlic’s pungent odor. Research strongly 

suggests that consuming foods rich in phytochemicals provides health benefits, but not enough 

information exists to make specific recommendations for phytochemical intake. 

 

Some of the most beneficial phytochemicals are: 

 beta carotene and other carotenoides in fruits and vegetables 

 resveratrol in red wine 

 polyphenols in tea 

 isothiocynates in cruciferous vegetables  
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Fig 1:  Sources of phytochemicals 

Because these phytochemicals are in the fruits, vegetables, beans and grains you eat, itB is 
fairly easy to include the in your diet. A carrot for example, has more than 100 phytochemicals. 
Nutrition researchers estimate that more than 4,000 phytochemicals have been identified, but 
only about 150 have been studied in depth. More research is needed to find out which 
chemicals may offer benefits in reducing the risk of disease. 

 

 

Source: American Institute for Cancer Research 
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How phytochemicals protect human health from disease? 

Although evidence is still being gathered, research does suggest that phytochemicals can 
protect us from a variety of diseases. For example, studies have shown that plant-based foods 
high in flavonoids can reduce mortality rates by 25% as well as significantly decrease the 
instances of myocardial infarction. Phytochemicals present in plants such as, alkaloids, tannins, 
saponins, flavonoids, phenols, steroids, carotenoids, etc,. These plant derived chemical 
copounds play important preventive activities mainly anti-inflammatory, antibiotic, antiaging, 
antimicrobial, antiparasitic, antidepresscent, anticancer, antioxidant and wound healing. 

There are some actions: 

 Antioxidant: Phytochemicals have antioxidant activity and protect our cells from oxidative 
damage and reduce the risk of developing certain type of cancer.  

 Stimulation of enzymes: Indoles, which are found in cabbages, stimulate enzymes that 
make the estrogen less effective and could reduce the risk of breast cancer. Other 
phytochemicals, which interfere with enzymes, are proteases inhibitors (beans and soy), 
terpenes ( citrus fruits and cherries). 

 Hormonal action: Isoflavones, found in soy, imitate human estrogens and help to reduce 
menopausal symptoms and osteoporosis. 

 Interference with DNA replication: Saponins found in beans interfere with the replication 
of cell DNA, thereby preventing the multiplication of cancer cells. Capsaicin, found in hot 
peppers, protect DNA from carcinogens. 

 Anti-bacterial effect: The phytochemical allicin from garlic has anti-bacterial effect. 

 Physical action: Some phytochemicals bind physically to cell walls thereby preventing the 
adhesion of pathogens to human cell walls. Proanthocyanidins are responsible for the anti-
adhesion properties of cranberry. Consumption of cranberries will reduce the risk of urinary 
tract infections and will improve dental health.  

There are several reasons why phytochemicals might protect us from cancer and cardiovascular 
disease. One may be the fact that they tend to inhibit cell proliferation and angiogenesis (i.e. 
the growth of new blood vessels) which are both trademarks of cancer. Second, they regulate 
nitric oxide, relaxing blood vessels and therefore increasing blood flow. 

According to AICR (American Institute for Cancer Research) Phytochemicals have the potential 
to: 

 Stimulate the immune system 
 Block substances we eat, drink and breath from becoming carcinogens 
 Reduce the kind of inflammation that makes cancer growth more likely 
 Prevent DNA damage and help with DNA repair 
 Reduced the kind of oxidative damage to cells that can spark cancer 
 Slow the growth rate of cancer cells 
 Trigger damaged cells to commit suicide before they can reproduce 
 Help to regulate hormone 
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CONCLUSION:  
Much of the evidence so far on the effects of phytochemicals comes from observing people 
who eat mainly plant based diets. Fruits and vegetables are the great source of phytochemicals 
that play protective role in many age related disease. Phytochemicals supplementation can 
benefit human health through supplying specific antioxidative/bioactive compounds which 
have preventive role in several diseases. Flavonoids are the most common phyochemicals that 
provide antimicrobial, antioxidant, anticancer, anti-inflammatory and wound- healing activities. 
Chronic diseases such as heart disease, cancer and stroke are the top leading causes of death all 
over the world. The most common cause of cancer death could be easily avoided through a 
good and balanced diet and consumption of food containing phytochemicals is a wise strategy.  
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INTRODUCTION 

Sustenance security, poverty and natural change are solidly associated and should not be 
considered autonomously. The Unified Countries Structure Show on Environmental Change 
(UNFCCC) places an extreme need on agribusiness. Air Savvy Agribusiness is a basic bit of the 
response for both Environmental Change control and Manageable Farming. Agriculture can add 
to ecological change control in three unique ways, keeping up a vital separation from further 
deforestation and change of wetlands and fields, growing the limit of carbon in vegetation and 
soil, and diminishing current and avoiding future additions in outpourings from nitrous oxide 
and from methane. Cultivation has a great deal to add to a low releases headway technique.  

 

 

Figure 1. Smart Quality Control 
A smart system is capable to carry out an integral approach, from sensing to acting, to carry out 
optimal on-line control for performance or product quality through smart sensing techniques, 
as exhibited in Figure1. 
2. Climate-Smart Agriculture 

World agribusiness has turned out to be extensively progressively productive in the 
previous decades. Creation frameworks just as yield and domesticated animals reproducing 
programs upgrades have brought about a critical increment of nourishment generation while 
expanding the measure of agrarian land by only 10 percent. Be that as it may, environmental 
change is relied upon to fuel the current difficulties looked by agribusiness. 
Climate-Smart Agriculture Macro Aspect 

One of the significant difficulties looked at present is guaranteeing nourishment security 
under an evolving atmosphere. Utilizing idealistic lower-end projections of temperature rise, 
environmental change may diminish crop yields by 10–20 percent by the 2050s. Projections of 
value rises extend from around 30 percent for rice to more than 100 percent for maize, because 
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of environmental change. Utilizing a cynical top of the line projection of temperature rise, the 
effects on profitability and costs are significantly more prominent.  
 

Micro   Aspect:   Space   Technology Derived Climate-Smart Agriculture 

1. General Observation 

Atmosphere Brilliant Horticulture tries to build efficiency in a naturally and socially 
maintainable way, reinforce ranchers' strength to environmental change, and lessen 
agribusiness' commitment to environmental change by diminishing ozone depleting substance 
emanations and expanding carbon stockpiling on farmland. Atmosphere keen horticulture 
incorporates demonstrated viable strategies, for example, mulching, intercropping, protection 
agribusiness, crop turn, coordinated yield domesticated animals the executives, agroforestry, 
improved brushing, and improved water the board 
 
2. Space Technology Derived Instruments to Facilitate Climate Smart Agriculture 
 
2.1. Micro radiometers Reveal Climate Change Bio spherical company’s Compact 

Optical Profiling Framework, or C - Operations, another radiometer framework item 
formulated by a NASA accomplice and empowered by a promising innovation for 
oceanographers and environmental researchers alike. Shading is an element of light. 
Unadulterated water is clear, however the variety in shading relies upon the water's profundity 
and the constituents in it — how far down the light infiltrates and how it is ingested and 
dispersed by broke down and suspended material. A radiometer framework on a stage with 
flexible lightness, C-Operations dives through the water, making exceptionally precise 
estimations in transit. 
 
 

Figure 2: An example of space-technology derived radiometer for climate-smart applications. 

 
The framework is perfect for satellite adjustment and approval exercises and for 

directing examination both in shallow waters near land and in profound waters out of sight 
ocean. A case of such radiometer is displayed in Figure 4. Figure 5 delineates the innovation and 
working of a brilliant sensor. Sea shading can uncover about the strength of the sea, and thus, 
the wellbeing of our planet. It could be identified with the efficiency of the water. These a 
water contains phytoplankton—infinitesimal plants—which are the sustenance base for the 
sea's biological systems. Changes in the water's properties, regardless of whether because of 
regular occasional impacts or human impact, can prompt issues for fragile environments, for 
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example, coral reefs. Sea shading can educate analysts about the amounts and appropriation of 
phytoplankton and different materials, giving pieces of information concerning how the world 
sea is evolving.  

The innovation is gotten from NASA's Seaside Zone Shading Scanner, propelled in 1978, 
the principal sea shading instrument flown on a rocket. From that point forward, the 
Organization's sea shading research capacities have turned out to be progressively advanced 
with the dispatch of the SeaWiFS instrument in 1997 and the twin MODIS instruments 
conveyed into space on NASA's Land (1999) and Water (2002) satellites. The innovation gives 
clearing, worldwide data on sea shading on a scale unattainable by some other methods.  

 

 

Figure 3: An example of smart sensor. The Crossbow motes (MICAz or Xbow), well know 

commercially available Zigbee motes with sensor card (MTS 420) 

 
2.2 Sensors Enable Plants to Text Message to Farmers 

 Whenever invested tending plants is energy that can't be spent somewhere else: 
gathering information, investigating, performing routine support, or dozing. The connection 
between plant leaf unbending nature and its water substance, and whether such information 
could be straightforwardly estimated utilizing sensors have been contemplated. The 
advancements should make a shut biological life emotionally supportive network progressively 
productive. With the sensors, sound plants can be developed while lessening water use 
somewhere in the range of 25 and 45 percent contrasted with conventional strategies. The 
following stage in item advancement was to play out a field test on a huge scale. The test, 
however not horrendously viable, demonstrated viable. Without precedent for mankind's 
history, plants in a field are telling the rancher how much water they had and when they 
required progressively, as opposed to customary plants flooded utilizing conventional strategies 
that had really gotten more water than was essential. 

 
2.3 Photocatalytic  solutions  create  self- clearing surfaces  

In photograph catalysis, light stimulates a mineral, activating compound responses that 
outcome in the breakdown of natural issue at the sub-atomic dimension, delivering principally 
carbon dioxide and water as results. NASA has contemplated the advantages of photograph 
catalysis for cleaning water amid space missions, and plant development chambers highlighting 
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photocatalytic scrubbers have flown on numerous NASA missions, utilizing the photocatalytic 
procedure to safeguard the space-developed yields by taking out the spoil prompting 
concoction ethylene. 
 
3.1 Sensor data used for smart farming 

In photograph catalysis, light invigorates a mineral, activating concoction responses that 

outcome in the breakdown of natural issue at the sub-atomic dimension, creating essentially 

carbon dioxide and water as side-effects. NASA has examined the advantages of photograph 

catalysis for cleaning water amid space missions, and plant development chambers highlighting 

photocatalytic scrubbers have flown on numerous NASA missions, utilizing the photocatalytic 

procedure to save the space-developed yields by dispensing with the spoil initiating concoction 

ethylene. 

 

Figure 4: Fields of application of wireless sensor networks, adapted from OECD 
 
3.2 Crops: Rice Production Systems 

Roughly 144 million ha of land is developed under rice every year. The waterlogged and 
warm soils of rice paddies make this generation framework an enormous producer of methane. 
Rice creation is and will be influenced by changes in atmosphere. Unpredictable precipitation, 
drier spells in the wet season (harming youthful plants), dry season and floods are on the whole 
affecting yields. This has likewise caused flare-ups of bugs and ailments, with huge misfortunes 
of yields and reaped items.  
3.3 Crops: Conservation Agriculture 

Conservation Agriculture (CA) involves farming practices with three key characteristics:  

(1) minimal mechanical soil disturbance (hence no tillage and direct seeding)  
(2) maintenance of carbon-rich organic matter covering and feeding the soil (e.g. straw and/or 
other crop residues including cover crops) 
(3) rotations of crops including trees which could include nitrogen-fixing legumes. There are 
currently about 8 percent of global arable crop land worldwide, and the area increases by about 
6 million hectares per year. 
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3.4 Precision Agriculture Wireless  

Network Monitoring System   
A notable and essential case of Room Application Inferred Atmosphere Brilliant 

Horticulture A field signals checking framework with remote sensor organize (WSN) which 
additionally incorporated a SoC stage (Framework on a Chip) and Zigbee (abnormal state 
correspondence conventions used to make individual territory systems worked from little, low-
control computerized radios) remote system advances can be connected. The structured 
framework is established by three sections which incorporate field condition signals detecting 
units, handset module and site unit. The procurement sensors for field signals contain a MCU as 
the front-end preparing gadget, and a few intensifier circuits to process and change over sign of 
field parameter into computerized information. 

 

 

Figure 5: A wireless field signals monitoring system 
 
3.5  Climate smart agriculture mechanization using robotics 

Tested by the requirement for motorized checking, pruning, diminishing, and 
notwithstanding picking produce as option in contrast to declining number of human 
workforce, novel methodology is to use accessible data advances using increasingly keen 
machines to lessen and target vitality. Moreover, such methodology is competent to improve 
proficiency for atmosphere keen farming. Another age of hardware is accessible for 
atmosphere shrewd and exactness agribusiness. the coming of self-sufficient framework 
designs offers us the chance to build up a total new scope of farming hardware dependent on 
little shrewd machines that can make the best decision, in the ideal spot, at the perfect time in 
the correct manner. 

 

Figure 6: Example of climate smart robotic application. (left) portal crop scouting platform 
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Rambles for atmosphere brilliant agribusiness moderately modest rural automatons 
with cutting edge sensors and imaging abilities are giving ranchers better approaches to expand 
yields and decrease crop harm. rambles, as showed in figure 8, can be utilized to take pictures 
and ready ranchers to issues not noticeable from ground level, as contagious invasions. for 
ranchers, be that as it may, the machines have the ability to fill in as a significant eye in the sky. 
cameras tied to rambles enable cultivators to intently screen their yields, root out nuisances 
and guarantee that their water is being utilized productively. this low-elevation see (from a 
couple of meters over the plants to around 120 meters, which is the administrative roof in the 
US for unmanned airplane working without unique freedom from the government flying 
organization) gives a viewpoint that ranchers have once in a while had before contrasted and 
satellite symbolism, it's a lot less expensive and offers higher goals. since it's taken under the 
mists, it is unhampered and accessible whenever. it's additionally a lot less expensive than yield 
imaging with a kept an eye on air ship. 

 

Figure 7: An impression of agricultural drone / smart rob flight system images 

 

CONCLUSION 

Atmosphere brilliant agribusiness, which is an extremely huge piece of the answer for 
both environmental change moderation and feasible horticulture, has been explained to handy 
degree, and converted into a portion of their constitutive components. the goal of the 
elaboration is to audit the superseding conditions including universal and un-supported 
activities in building up atmosphere shrewd assets the executives, to recognize supporting 
worldwide activities and large scale approaches in looking for upgrades in individuals' 
sustenance and nourishment security, and appropriately, to represent explicit systems and 
innovations for the usage of atmosphere brilliant horticulture. large scale and smaller scale 
parts of atmosphere keen agribusiness has been explained to the degree that arrangement, 
brilliant cultivating procedure and space innovation determined methods and related ones can 
be sketched out to give understanding into their setting and advantages. 
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1. INTRODUCTION 
N. sativa, known as kalonji, black cumin is used as a spice in Indian and Middle Eastern 

cuisine. The dry roasted seeds flavor curries, vegetables and pulses. The black seeds taste like 
oregano and have bitterness to them like mustard-seeds. It can be used as a "pepper" in recipes 
with pod fruit, vegetables, salads and poultry. Nigella is a genus of about 14 species of annual 
plants in the family Ranunculaceae, native to Southern Europe, North Africa and Southwest 
Asia. Common names applied to members of this genus are Devil-in-a-bush or Love in a mist. 
The plant grows to 20-90 cm tall, with finely divided leaves, the leaf segments narrowly linear 
to threadlike. The flowers are white, yellow, pink, pale blue or pale purple, with 5-10 petals. 
The fruit is a capsule composed of several united follicles, each containing numerous seeds. 
Nigella sativa commonly known as karayal (English: Small Fennel, Black Cumin; Sanskrit: Kalonji, 
Kalajira, Kalajaji, Mugrela, Upakuncika) is an annual flowering plant, native to Southwest Asia. 
The plant is indigenous to the Mediterranean region but now found widely in India (Jammu, 
Kashmir, Himachal Pradesh, Bihar, Assam and Punjab). The herb is also cultivated in Bengal and 
North-east India.  
 

 
Fig 1. Nigella sativa (whole plant, Flower and seeds). 

 

2. Morphology 
It is small prostrate annual herb about 45 cm high 2-3 slender leaves pinnatisect, 2-4 cm 

long cut into linear segment, segments oblong. Flowers pale, blue on solitary long peduncles, 
seeds trigonous and black in colour. The plant has a rather stiff, erect, branching stem, bears 
deeply-cut greyish-green leaves and terminal grayish blue flowers, followed by odd, toothed 
seed vessels, filled with small somewhat compressed seeds, usually three-cornered, with two 
sides flat and one convex, black or brown externally white and oleaginous, strong agreeable 
aromatic odour, like that of nutmegs, and a spicy, pungent taste. The flowers are delicate, and 
usually coloured pale blue and white, with 5–10 petals (Fig. 1). The fruit is a large and inflated 
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capsule composed of 3–7 united follicles, each containing numerous seeds. It has a pungent 
bitter taste and a faint smell of strawberries (Varghese (1996); Dwivedi (2003)).  
 
3. Folk Medicine 

Nigella sativa has been used for medicinal purposes for centuries, both as a herb and 
pressed into oil, in Asia, Middle East, and Africa. It has been traditionally used for a variety of 
conditions and treatments related to respiratory health, stomach and intestinal health, kidney 
and liver function, circulatory and immune system support, and for general well-being. In Islam, 
it is regarded as one of the greatest forms of healing medicine available. The Islamic prophet 
Muhammad once stated that the black seed can heal every disease except death. Avicenna, 
most famous for his volumes called The Canon of Medicine, refers to Nigella as the seed that 
stimulates the body's energy and helps recovery from fatigue and dispiritedness. It is also 
included in the list of natural drugs of 'Tibb-e-Nabavi', or "Medicine of the Prophet 
(Muhammad)", according to the tradition "hold onto the use of the black seeds for healing all 
diseases. In the Unani Tibb system of medicine, N. sativa is regarded as a valuable remedy for a 
number of diseases.  

The seeds have been traditionally used in the Middle East and Southeast Asian countries 
to treat ailments including asthma, bronchitis, rheumatism and related inflammatory diseases, 
to increase milk production in nursing mothers, to promote digestion and to fight parasitic 
infections. Its oil has been used to treat skin conditions such as eczema and boils and to treat 
cold symptoms. Its many uses have earned Nigella the Arabic approbation 'Habbatul barakah', 
meaning the seed of blessing. [Dwivedi, et. al., (2007); Dwivedi, (1999)]. Karayal seeds and their 
oil have a long history of folklore usage in Arabian and Indian civilisation and are used in food as 
well as medicine. The seeds are used as flavouring, to improve digestion and produce warmth, 
especially in cold climates. They are sometimes scattered in the folds of woollen fabrics to 
preserve them from insect damage [Dwivedi. et. al, (2006); Dwivedi. et.al (2007)]. In India the 
seeds are used as a carminative and stimulant to ease bowel and indigestion problems and are 
given to treat intestinal worms and nerve defects to reduce flatulence, and induce sweating. 
Dried pods are sniffed to restore a lost sense of smell. It is also used to repel some insects, 
much like mothballs. 
 

4. Traditional Uses  
Karayal seeds are used as a carminative, aromatic, stimulant, diuretic, anthelmintic, 

galactagogue and diaphoretic. They are used as a condiment in curries. A tincture prepared 
from the seeds is useful in indigestion, loss of appetite, diarrhoea, dropsy, amenorrhoea and 
dysmenorrhoea and in the treatment of worms and skin eruptions. Externally the oil is used as 
an antiseptic. To arrest vomiting, seeds are roasted and given internally. 
 
5. Chemical composition (www.botanical.com) 

Seeds contain numerous esters of structurally unusual unsaturated fatty acids with 
terpene alcohol s (7%); furthermore, traces of alkaloids are found which belong to two 
different types: isochinoline alkaloids are represented by nigellimin and nigellimin-N-oxide, and 
pyrazol alkaloids include nigellidin and nigellicin. In the essential oil (avr. 0.5%, max. 1.5%), 
thymoquinone was identified as the main component (up to 50%) besides p-cymene (40%), 
pinene (up to 15%), dithymoquinone and thymohydroquinone. Other terpene derivatives were 
found only in trace amounts: Carvacrol, carvone, limonene, 4-terpineol, citronellol. 
Furthermore, the essential oil contains significant (10%) amounts of fatty acid ethyl esters. On 
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storage, thymoquinone yields dithymoquinonene and higher oligocondensation products. The 
seeds also contain a fatty oil rich in unsaturated fatty acids, mainly linoleic acid (50-60%), oleic 
acid (20%), eicodadienoic acid (3%) and dihomolinoleic acid (10%). Saturated fatty acids 
(palmitic, stearic acid) amount to about 30% or less. Also contain parts of the essential oil, 
mostly thymoquinone, by which it acquires an aromatic flavour. The seeds give on steam-
distillation a yellowish brown volatile oil with an unpleasant odour. The oil contains carvone, d -
limonene, and a carbonyl compound, nigellone.  
 
6. Pharmacology [Chopra et. al., (1958); Satyanarayana et. al., (1975)] 
1. Antimicrobial activity: Nigella sativa exhibited strong antimicrobial activity against 
Salmonella typhi, Pseudomonas aeruginosa and others. The essential oil has been shown to 
have activity against Gram-positive and Gram-negative bacteria. However, sensitivity against 
Grampositive bacteria such as Staphylococcus aureus and Vibrio cholerae was found to be 
stronger. Bacteria like Staphylococcus aureus, S. pyogenes and S. viridans are more susceptible 
to Nigella sativa. In an in-vitro study, volatile oil showed activity comparable to ampicillin. The 
activity of the volatile oil also extended to drug-resistant strains of Shigella spp, Vibrio cholerae 
and Escherichia coli and was found to have a synergistic action with streptomycin and 
gentamycin. 
2. Hepatoprotective activity: Thymoquinone, one of the active constituents of Nigella sativa, is 
reported to have hepatoprotective activity." An in-vitro study showed the protective effect 
against tert-butyl hydroperoxide (TBHP)-induced oxidative damage to hepatocytes. The activity 
was demonstrated by a decreased leakage of alanine transaminase (ALT), aspartic transaminase 
(AST) and decreased trypan blue uptake. 
3. Antidiabetic activity: Significant hypoglycaemic activity has been reported and is thought to 
be due to the essential oil present. Clinical studies have confirmed these results and suggest 
that the antidiabetic action of the plant extract. 
4. Anti-inflammatory activity: Asthma and arthritis are chronic inflammatory disorders 
involving a variety of inflammatory mediators and different pathways. The fixed oil and 
thymoquinone from the seeds were found to inhibit eicosanoid generation in leucocytes and 
membrane lipid peroxidation and a significant reduction in rat paw oedema and a reduction in 
granuloma pouch weight were also observed. Nigellone in low concentration is effective in 
inhibiting the histamine release from the mast cells, which supports an antiasthmatic role for 
the plant. 
5. Antifertility activity: The antifertility activity of Nigella sativa in male rats has been 
established, shown by an inhibition of spermatogenesis and a significant reduction in sialic acid 
content of the testis, epididymis, seminal vesicles and prostate. 
6. Antioxytocic activity: Preliminary reports suggest antioxytocic properties, in that a reversible 
inhibition of spontaneous smooth muscle contraction and inhibition of uterine smooth muscle 
contraction induced by oxytocin stimulation have been observed. 
7. Cytotoxic activity: Cytotoxic and immunopotentiating effects of Nigella sativa have been 
established. The long chain fatty acids are thought to contribute to the antitumour activity. The 
extract shows a modulatory effect in cisplatin-induced toxicity in mice and a protective effect 
against cisplatin-induced falls in haemoglobin levels and leucocyte counts. 
8. Anthelmintic activity: Nigella sativa was found to have an anthelmintic activity against 
tapeworm comparable to that of piperazine.  
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9. Analgesic activity: The essential oil produced significant analgesic activity using chemical and 
thermal noxious stimuli methods such as acetic acid-induced writhing, hot plate and tail flick 
tests. 
10. Other activity: Other reports include hypocholesterolaemic, antihypertensive and 
galactagogue effects. 
 
7. CONCLUSION 

Herbs are the natural drugs used to regain the alterations made in normal physiological 
system by foreign organisms or by any malfunctioning of the body. The WHO has already 
recognized the contribution of traditional health care in tribal communities. It is very essential 
to have a proper documentation of medicinal plants and to know their potential for the 
improvement of health and hygiene through an eco friendly system. Thus importance should be 
given to the potentiality of studies as these can provide a very effective strategy for the 
discovery of useful medicinally active identity. A detailed and systematic study is required for 
identification, cataloguing and documentation of plants, which may provide a meaningful way 
for the promotion of the traditional knowledge of the herbal medicinal plants. The present 
review reveals that Nigella sativa is used in treating various ailments. It elicits on all the aspects 
of the herb and throws the attention to set the mind of the researchers to carry out the work 
for developing its various formulations, which can ultimately be beneficial for the human beings 
as well as animals. 
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1. INTRODUCTION 

Nanotechnology involves the characterization, fabrication and/or manipulation of 
structures, devices or materials that have at least one dimension (or contain components with 
at least one dimension) that is approximately 1–100 nm in length. The word “nano” refers to a 
billionth of a meter or at an atomic scale with nanotechnology usually referring to the 
manipulation of matter at a scale of 1 to 100 nanometers. Nanotechnology is defined by the 
International Organization for Standardization as the “application of scientific knowledge to 
manipulate and control matter in the nanoscale in order to make use of size and  
structure-dependent properties and phenomena, as distinct from those associated with 
individual atoms or molecules or with bulk materials. 

 
2. APPLICATIONS OF NANOTECHNOLOGY 

Research in the nanotechnology field has skyrocketed over the last decade, and already 
there are numerous companies specializing in the fabrication of new forms of nanosized 
matter, with anticipated applications that include medical therapeutics and diagnostics, energy 
production, molecular computing and structural materials. Nevertheless, scientists and industry 
stakeholders have already identified potential uses of nanotechnology in virtually every 
segment of the food industry, from agriculture (e.g., pesticide, fertilizer or vaccine delivery; 
animal and plant pathogen detection; and targeted genetic engineering) to food processing 
(e.g., encapsulation of flavour or odour enhancers; food textural or quality improvement; new 
gelation or viscosifying agents) to food packaging (e.g., pathogen, gas or abuse sensors; 
anticounterfeiting devices, UV-protection, and stronger, more impermeable polymer films) to 
nutrient supplements (e.g., nutraceuticals with higher stability and bioavailability). 

In agricultural production developments, nanostructured catalysts are available which 
will increase the efficiency of pesticides and herbicides, allowing lower doses to be used. The 
proficient use of agricultural natural assets like water, nutrients and chemicals during farming 
as nanosensors is user friendly. They are able to sense the existence of plant viruses and the 
level of soil nutrients. They also minimize fertilizer consumption and environmental pollution. 
Nanosensors have the potential to allow farmers to utilize inputs more efficiently by indicating 
the nutrient or water status of crop plants over fine spatial and temporal scales. This makes the 
farmers to apply nutrients, water, or crop protection (insecticide, fungicide or herbicide) only 
where necessary. The nanomaterials are considered economically effective in purification of 
irrigation water. Nano-enabled water treatment techniques based on membranes filters 
derived from carbon nanotubes, nanoporous ceramics, and magnetic nanoparticles inspite 
using chemicals and UV light are common in traditional water treatment. Filters made from 
carbon nanotubes could be employed in removing contaminants and toxicants from potable 
water. Nanocrystals, such as monodisperse magnetite (Fe3O4) have a strong and irreversible 
interaction with arsenic while retaining their magnetic properties. 

Nanotechnology can be used for detoxification or remediation of harmful pollutants 
where nanoparticle filters can be used to remove organic particles and pesticides (for example, 
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dichorodiphenyl-trichloroethane (DDT), endosulfan, malathion and chlor-pyrifos) from water. 
Nanocapsules can facilitate successful incursion of herbicides through cuticles and tissues, 
allowing slow and regular discharge of the active substances. Nanotechnology has the ability to 
provide appropriate solutions for providing food items, veterinary care and prescription 
medicines and vaccines for domesticated animals. Silver nano particles have been considered 
as a strong antiseptic (antibacterial and antimicrobial), and it's widely used for disinfection in 
the livestock and poultry places. In the cancer treatment, nano particles are connected to the 
membrane receptors cancer cells, and cancer cells are destroyed with increasing their 
temperature to 55 °C by infrared waves generated by the nano particles.  
Self-sanitizing photocatalyst coating used in poultry houses with nano-titanium dioxide (TiO2) 
could be used to oxidize and destroy bacteria in the presence of light and humidity. Poultry 
feed having nanoparticles that binds pathogenic bacteria could help in decreasing food-borne 
pathogens 

 Nanoencapsulation is a process through which chemicals like insecticides are slowly but 
efficiently released to a particular host plant for insect pest control. Nanoencapsulation with 
nanoparticles in the form of pesticides allows for proper absorption of the chemicals into the 
plants (Scrinis and Lyons, 2007). This process can also deliver DNA and other desired chemicals 
into plant tissues for protection of host plants against insect pests. Nanofertilizers are 
synthesized in order to regulate the release of nutrients depending on the requirements of the 
crops. Nanofertilizers could be used to reduce nitrogen loss due to leaching, emissions, and 
long-term incorporation by soil microorganisms. 
  Nanoherbicides eliminate weeds by destroying their seed banks in the soil and prevent 
them from germinating as it is able to blend with the soil, eradicate weeds in an eco-friendly 
way without leaving any toxic residues, and prevent the growth of weed species that have 
become resistant to conventional herbicides. Some of the nano particles that have entered into 
the arena of controlling plant diseases are nanoforms of carbon, silver, silica and  
alumino-silicates. The use of nano size silver particles as antimicrobial agents has become more 
common as technology advances, making their production more economical. Nanoparticles are 
also effective against insects and pests. Nanoparticles can be used in the preparation of new 
formulations like pesticides, insecticides and insect repellants. 
  The application of nanotechnology in the food industry is developing in a rapid way by 
developing new plastic for food packaging industry. The nano particles are used in the 
production of these plastics and preventing the penetration of oxygen as a barrier.  
Nano-coatings are produced for fruit that covering the fruits completely, and prevent of fruit 
weight loss and shrinkage. Developing smart packaging to optimize product shelf-life has been 
the goal of many companies. Such packaging systems would be able to repair small holes/tears, 
respond to environmental conditions (e.g. temperature and moisture changes), and alert the 
customer if the food is contaminated. Nanotechnology can provide solutions for these, for 
example modifying the permeation behaviour of foils, increasing barrier properties 
(mechanical, thermal, chemical, and microbial), improving mechanical and heat-resistance 
properties, developing active antimicrobic and antifungal surfaces, and sensing as well as 
signaling microbiological and biochemical changes (Joseph and Morrison, 2006) Absorbent 
ethylene nano materials, absorbs ethylene gas that is produced by fruits (fruit decay increases 
by ethylene gas) and increases persistence of fruit for long periods. Nano barcodes and nano 
processing could also be used to monitor the quality of agricultural produce.  
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Nano sensors and nano-based smart delivery systems could help in the efficient use of 
agricultural natural resources like water, nutrients and chemicals through precision farming. 
Nanotechnology has many applications in the field of agricultural machinery such as: 
application in machines structure and agriculture tools to increase their resistance against wear 
and corrosion and ultraviolet rays; producing strong mechanical components with use of nano-
coating and use of bio-sensors in smart machines for mechanical-chemical weed control; 
production nano-cover for bearings to reduce friction; The use of nanotechnology in production 
of alternative fuels and reduce environmental pollution. Nanotechnology has also shown its 
ability in modifying the genetic constitution of the crop plants thereby helping in further 
improvement of crop plants. 
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English names are Drumstick tree, Never Die tree, West Indian Ben tree, Horseradish tree or 
Radish tree (Rebecca et al., 2006). Belongs to the family Moringaceae. Moringa oleifera is a 
fast-growing tree that usually grows as high as 9 m, with a soft and white wood and corky and 
gummy bark. Leaves are longitudinally cracked leaves, 30-75 cm long main axis and its branch 
jointed, glandular at joints, leaflets are glabrous and entire. The twigs are finely hairy and 
green. Flowers are white, scented in large axillary down panicles, pods are pendulous, ribbed, 
seeds are 3-angled or 3-wimged (Gupta 2010, Roloff et al., 2009) about 70 cm long grooved, 
cylindrical, green pods (Bhargave et al., 2015). Drum stick is a drought-resistant tree, native to 
tropical and sub tropical  regions of south Asia It is widely cultivated for its young seed pods and 
leaves used as vegetables and for traditional herbal medicine (Kalibbala et al., 2009, Mpagi and 
Kalibbala Herbert 2012).  
 Every part of moringa tree is useful including - seeds pods. (drumstick) immature seed 
pod, leaves, fruits, seeds, oil (from seeds), flowers. During ancient times, moringa tree was used 
to cure more than 300 diseases by Ayurvedic practitioner. According to Fuglie the many uses for 
Moringa include:  
 

 Alley cropping (biomass production) 

 Animal forage (leaves and treated seed-cake)  

 Domestic cleaning agent (crushed leaves)  

 Foliar nutrient (juice expressed from the leaves)  

 Green manure (from leaves), Biogas (from leaves),  

 Gum (from tree trunks) 

 Honey- and sugar cane juice-clarifier (powdered seeds)  

 Honey (flower nectar)  

 Medicine (all plant parts) , Ornamental plantings, Fencing (living trees) 

 Biopesticide (soil incorporation of leaves to prevent seedling damping off)  

 Pulp (wood), Blue dye (wood), Rope (bark)  

 Tannin for tanning hides (bark and gum) 

 Wood- used in preparation of mats and paper.  

 Seed- powdered and utilized for bio water clarifying. 

 Kernel- oil as lubricant in precision machinery. 

 Drum stick- preparing cosmetic items. 

 Moringa seed oil also has potential for use as a biofuel (Rashid and Umeret al., 2008). The 
seed cake remaining after oil extraction may be used as a fertilizer or as a flocculent to 
purify water. 

 Root - roots are shredded and used as a condiment with sharp flavor qualities deriving from 
significant content of polyphenols (Atawodi et al 2010).  

 Moringa leaves help reduce diabetes by adjusting the sugar level in human body. 

 Leaves - Good for the heart, teeth and bones. Fights free radical damage and protects your 
skin  

 Flower brewed as medicinal tea.  
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 Vegetable - good blood purifier, supports digestion, supports health skin anti-fungal 
proteins, helps in weight management, supports brain health. 

 

 Leaves can be eaten fresh, cooked, or stored as dried powder for many months without 
refrigeration, and reportedly without loss of nutritional value and the protein quality of 
Moringa leaves rivals that of milk and eggs (Fahey JW 2015). The Moringa plant has found a 
great deal of economic, nutritional and medicinal use globally as all its parts contain good 
sources of proteins, vitamins and minerals and carotenoids. (Olayemiv et al., 2016).  

 In 2008, Drumstick was called as "Plant of the year" by the National Institute of Health 
(USA).  Leaves, as per USDA, one cup of fresh leaves (21 gms) contains Protein 2 gm, vit B6 -19% 
of RDA, C - 12% of RDA, Riboflavin (B2) - 11% of RDA, vit A (beta carotene) - 9% of RDA, 
Magnesium - 8% of RDA.   

 Of all parts of drumstick tree, the leaves are the most nutritious, it is natural energy 
booster which is sustainable as it is not based on sugar. Compared to leaves, pods are generally 
lower in vitamins and minerals. Young leaves and immature pods of moringa are a good source 
of both micro and macro nutrients and have low levels of anti-nutrients. Mature seeds yield 38 
- 40% edible oil called ben oil from its high concentration of behenic acid. The refined oil is clear 
and odorless and resists rancidity.  
 

REFERENCES: 
[1]. Atawodi, S. E.; Atawodi, J. C.; Idakwo, G. A.; Pfundstein, B; Haubner, R; Wurtele, G; Bartsch, 

H; Owen, R. W. (2010). "Evaluation of the polyphenol content and antioxidant properties of 
methanol extracts of the leaves, stem, and root barks of Moringa oleifera Lam". Journal of 
Medicinal Food. 13 (3):7106.doi: 10.1089/jmf.2009.0057. PMID 20521992.   

[2]. Bhargave A, Pandey I, Nama KS, Pandey M. “Moringa oleifera Lam. - Sanjana (Horseradish 
Tree) - A Miracle food plant with multipurpose uses in Rajasthan-India-An overview.” Int. J. 
Pure App. Biosci. 2015;3(6):237-248 

[3]. Fahey JW. “Moringa oleifera: A Review of the Medical Evidence for Its Nutritional, 
Therapeutic and Prophylactic Properties.” Part 1.Trees for Life Journal 2005; 1(5). 

[4]. Kalibbala, H. M., Wahlberg, O., Hawumba, T. J. (2009). "The impact of Moringa oleifera as a 
coagulant aid on the removal of trihalomethane (THM) precursors and iron from drinking 
water". Water Science and Technology: Water Supply. 9 (6): 707–714. doi: 
10.2166/ws.2009.671. ISSN 1606-9749.  

[5]. Mpagi., Kalibbala, Herbert (2012). Removal of natural organic matter and control of 
trihalomethanes formation in water treatment. Stockholm: Architecture and the Built 
Environment, KTH Royal Institute of Technology. ISBN 9789175013237. OCLC 939795543. 

[6]. Olayemiv AT, Olanrewaju MJ, Oloruntoba AC. “Toxicological evaluation of Moringa oleifera 
Lam seeds and leaves in Wistar rats.” Pharmacogn. Commn. 2016;6(2):100-11.  

[7]. R.K. Gupta. Medicinal & Aromatic Plants. CBS publishers & distributors,  2010, 151-152. 
[8]. Rashid, Umer; Anwar, Farooq; Moser, Bryan R.; Knothe, Gerhard (2008).  "Moringa oleifera 

oil: A possible source of biodiesel". Bioresource Technology. 99(17): 81759. 
doi:10.1016/j.biortech.2008.03.066. PMID 18474424.       

[9]. Rebecca HSU, Midcap S, Arbainsyah, Witte LD. (2006): “Moringa oleifera: medicinal and 
socio-economic uses. International Course on Economic Botany.” National Herbarium 
Leiden, Netherlands. Pp. 2-13. 

 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

314 
 
 

Role of straw balers in agricultural mechanization. 
Article id: 11282 

Dayanand Kumbar1, NaveenKumar. C.2 and N. L. Kalyan Chakravarthi3 

1Ph.D Scholar, Department of Farm Machinery & Power Engineering, CTAE, Udaipur 
2Ph.D Scholar, Department of Farm Machinery & Power Engineering, CTAE, Udaipur 
3PG Scholar, Department of Farm Machinery and Power Engineering, CTAE, Udaipur 

 
INTRODUCTION 

 India is an agrarian economy. A vast majority of land is used for farming and a wide 

range of crops are cultivated in its different agro-ecological regions. The total share of 

agriculture and its allied sectors (including the livestock, forestry and fishery sub-sectors) to the 

gross domestic product was 13.9% in 2013-14. India is the world’s second largest producer of 

rice, wheat and cotton after China and the second largest producer of sugarcane, followed by 

Brazil. It is also the second largest global producer of horticultural products. To meet the 

demands of an increasing population and avoid food imports, crop productivity in India needs 

major improvements, which can be attained by identifying the constraints that hinder farmers 

in achieving high yields. 

 

Paddy Straw 

 Straw is a natural fiber obtained as a byproduct from the agriculture. It is composed of 

cellulose, hemi-cellulose, lignin and silica, produced by the process of photosynthesis. Straw 

residue can be obtained from wheat, paddy, oats, and barley crops. Among this paddy straw is 

the toughest one due to high silica content. It’s a renewable agricultural residue which is being 

produced in ample amount in most of the countries. 

 
Fig 1: Burning of straw causes environmental pollution and degradation of soil fertility 

 

However, a large portion of the residues is burnt on-farm primarily to clear the field for 

sowing of the succeeding crop. The problem of on-farm burning of crop residues is intensifying 

in recent years due to shortage of human labour, high cost of removing the crop residues by 

conventional methods and use of combines for harvesting of crops. It has been estimated that 

in India alone, burning of crop residues releases CO2, CO, CH4, N2O and SO2 gases, equivalent to 

6606 thousand tonnes of CO2 annually (INCCA, 2007). 
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Key Challenges 

 Introduction of new high yielding varieties (HYVs) of rice and simultaneous 

improvements/changes in cultivation practices have lead to generation of enormous volume of 

both biomass and grain. While the productivity has increased from about 1 tonne to 2 tonnes 

per ha, the generation of biomass has also increased proportionately as one ha of rice produces 

about 6 tonnes of rice straw. Though initially farmers haven’t incorporated burning of crop 

residues as an option, but gradually following each other, they resorted to this practice due of 

ease of operations. However, with advent of reapers/cutters and choppers, rakes, balers, etc. 

the straw should be removed as quickly as possible so that the treatment of the soil 

preparation can begin thereby establishing next year’s crop. 

Baling involves a multiple-pass system. Because the biomass must be left in the field to 

dry to desirable moisture content, mowing is typically accomplished with a machine that also 

conditions the crop by cracking the stems to reduce the field drying time. Following mowing, a 

rake is used to gather the crop into a swath that not only helps to facilitate drying, but 

windrows the crop so that it can be picked up by the baler. 

 
Fig 2: Collection of straw into windrows 

Straw Baler Machine 

 A baler is a machine used to compress straw into bales for easy transport and storage. 

Industrial balers are also used in material recycling facilities, primarily for baling metal, plastic, 

or paper for transport. Balers are divided into stationary balers, movable and field balers. They 

are further classified into square balers, rectangular balers and round balers based on the bale 

shape produced. According to the density of bale balers were classified as, high (200-350 

kg/m3), medium (100-200 kg/m3) and low density (< 100 kg/m3) balers. Based on the power 

used for operation, balers are classified as pull type balers and self propelled balers. Pull type 

balers are available with either a PTO drive or a mounted engine. Following are the major types 

of existing balers: 

1. Rectangular or Square Baler Machine 

2. Round Baler machine 
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1. Rectangular Baler Machine 

 Field balers for making rectangular bales have been popular for many years. Smaller 

balers are powered by a tractor PTO and the larger balers are often equipped with auxiliary 

engines to drive the machine but may be pulled by a tractor. 

 The basic functional components which make up a baler for rectangular bales are the 

pickup and elevating unit, feed conveyor, feeder, compression chamber and the tying 

mechanism. The pickup consists of a series of spring loaded tines which gently lift the windrow 

and guide it along the stripper bars. Feed conveyor moves the straw to side of the bale 

chamber. Large diameter augers are commonly used as feed conveyors. The feeder takes the 

straw from the end of the feed conveyor and actually places it into the bale chamber. Straw is 

compressed in the bale chamber by the plunger which is driven by a large crankshaft and 

connecting rod. Each new charge of straw is compressed against the previous charges. The 

partially formed bale moves slowly through the chamber by the plunger forcing new charges 

against it. When the bale reaches the required length, the needle and tying mechanism is 

engaged automatically to bind the bale which is then pushed out from the chamber by 

successive bales and is discharged to the ground. Rectangular bales can be lifted and loaded 

either by hand or by a loading machine mounted on the side of a truck and driven by a ground 

wheel. 

 
Fig 3. Rectangular Straw Baler Machine 

Advantages 

 High baling capacity. 

 Easy-to-handle bales. 

Disadvantages 

 Heavy weight compared to a mini round baler. 

 Mechanically complicated.  

2. Round Baler Machine 

 Round balers are PTO operated and are pulled directly behind the tractor. It is desirable 

to use a tractor with a wide front axle to permit straddling the windrow. Large wide windrows 

are preferred to make round bales which are uniform in diameter. When small windrows are 

harvested, operators prefer to weave side to side as the bale is formed to avoid tapered bales. 

Based on the form of working unit, round balers can be classified into long-belt type, short-belt 

type, chain type and roller type. They are also classified into inside winding type and outside 
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winding type by their working principle. Long-belt and chain types are inside winding; short-belt 

and roller types are outside winding. According to the chamber size adjustment, balers are 

classified as expandable chamber round pickup baler, ground roll baler and fixed volume round 

pickup baler.  

The baler uses a pickup to load the hay from the ground into the bale chamber. 

However, the hay is wrapped onto itself by six to eight long rubber belts that are 18 cm wide. 

As the hay is drawn into the machine, the bale becomes round and fills the bale chamber to 

capacity. The hay exerts force upon the belts, which is in turn monitored by the hydraulic 

system. Once a predetermined pressure is reached, a signal is transmitted to the tractor 

operator. The operator stops the forward movement of the baler and the bale is automatically 

wrapped with twine or protective sheeting. After wrapping, the tension on the belts is released 

and the entire rear portion of the baler is opened by hydraulic cylinders. The bale then simply 

rolls out onto the ground. The baler is pulled ahead, the rear closes and baling resumes. The 

entire process can be operated from the tractor and bale ejection takes from 15 to 45 seconds. 

 
Fig 4: Round Straw Baler Machine 

Advantages 

 Less power requirement. 

 Lower bale density. 

 Less moisture retention capability. 

Disadvantages 

 Poor long distance transportability. 

 Uneven storage payload. 

 

CONCLUSION 

Crop residues are of great economic values as livestock feed, fuel and industrial raw 

material and in conservation agriculture for which it is a pre-requisite. Crop residues, either 

partly or entirely must be used for conservation agriculture for ensuring the country’s food 

security, making agriculture sustainable and the soil resource base healthy. Presently, the cost 
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of straw gathering is increasing because of the increased use of combine harvesters. High 

labour cost and lack of labour makes manual collection more costly. Farmers therefore often 

just burn it, which causes pollution, increased greenhouse gas emissions and loss of 

opportunities to value addition. Burning of agricultural waste like rice straw has put the 

ecosystem and agriculture in danger. Collection of rice straw involves three main operations: 

picking up of rice straw materials, compacting them into bales, and hauling them to storage or 

processing area. Use of straw baler machine can helps in increasing the availability of fodder for 

dairy farming, paper industries, biomass generation etc. The height and width of bales are 

generally fixed at 45 cm. The weight of bales varies from 15 to 45 kg depending on moisture 

content of straw and length of bales. 
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INTRODUCTION: 

Biosphere's continued exposure to abiotic stresses, for example, drought, salinity extreme 

temperatures, chemical toxicity, oxidative stress, etc., cause imbalances in the natural status of 

the environment. Each year, stresses on arable plants in different parts of the world disrupt 

agriculture and food supply with the final consequence famine. Factors controlling stress 

conditions alter the normal equilibrium, and lead to a series of morphological, physiological, 

biochemical and molecular changes in plants, which adversely affect their growth and 

productivity. The average yields from the major crop plants may reduce by more than 50% 

owing to stresses. However, plants also have developed innate adaptations to stress conditions 

with an array of biochemical and physiological interventions that involves the function of many 

stress-associated genes. In this chapter, we aim at the stresses related to water and the 

expression 'drought which is derived from the agricultural context, is used as equal to water 

stress throughout the article. 

Water, comprising 80-90% of the biomass of non-woody plants, is the central molecule 

in all physiological processes of plants by being the major medium for transporting metabolites 

and nutrients. Drought is a situation that lowers plant water potential and turgor to the extent 

that plants face difficulties in executing normal physiological functions. However, a few groups 

of animals and a wide variety of plants are known for their tolerance to desiccation during the 

adult stages of their life cycle. Though our knowledge on plants drought tolerance is ancient, 

the modern scientific study of drought tolerance started in 1702 with Anthony von 

Leeuwenhoek's discovery of the survival of rotifers without water for months. 
 

Water stress-Why and how? 

Plants experience water stress either when the water supply to their roots becomes limiting or 

when the transpiration rate becomes intense. Water stress is primarily caused by the water 

deficit, i.e. drought or high soil salinity. In case of high soil salinity and also in other conditions 

like flooding and low soil temperature, water exists in soil solution but plants cannot uptake it - 

a situation commonly known as physiological drought'. Drought occurs in many parts of the 

world every year, frequently experienced in the field grown plants under arid and semi-arid 

climates. Regions with adequate but non-uniform precipitation also experience water limiting 

environments. Since the dawn of agriculture, mild to severe drought has been one of the major 

production limiting factors. Consequently, the ability of plants to withstand such stress is of 

immense economic importance. The general effects of drought on plant growth are fairly well 

known. However, the primary effect of water deficit at the biochemical and molecular levels 
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are not considerably understood yet and such understanding is crucial. Ali plants have tolerance 

to water stress, but the extent varies from species to species. Knowledge of the biochemical 

and molecular responses to drought is essential for a holistic perception of plant resistance 

mechanisms to water limited conditions in higher plants.  
 

3. Effects of water stress on plants 

Drought, as an abiotic stress is multidimensional in nature, and it affects plants a various levels 

of their organization, in fact, under prolonged drought, many plants will dehydrate and die. 

Water stress in plants reduces the plant-cell's water potential and turgor which elevate the 

solutes' concentrations in the cytosol and extracellular matrices. As a result, cell enlargement 

decreases leading to growth inhibition and reproductive failure. This is followed by 

accumulation of abscisic acid (ABA) and compatible osmolytes like proline, which cause wilting. 

At this stage, over production of reactive oxygen species (ROS) and formation of radical 

scavenging compounds such as ascorbate and glutathione un aggravate the adverse influence. 

Drought not only affects plant water relations through the reduction of water content, turgor 

and total water, it also affects stomatal closure, limits gaseous exchange, reduces transpiration 

and arrests carbon assimilation (photosynthesis) rates. Negative effects on mineral nutrition 

(uptake and transport of nutrients) and metabolism leads to a decrease in the leaf area and 

alteration in assimilate partitioning among the organs. Alteration in plant cell wall elasticity and 

disruption of homeostasis and ion distribution in the cell has also been reported. Synthesis of 

new protein and mRNAs associated with the drought response is another outcome of water 

stress on plants. Under the water stress cell expansion slows down or ceases, and plant growth 

is retarded. 

However, water stress influences cell enlargement more than cell division. Plant growth under 

drought is influenced by altered photosynthesis, respiration, translocation, ion uptake, 

carbohydrates, nutrient metabolism, and hormones. 
 

3.1 Photosynthesis 

Photosynthesis is particularly sensitive to the effects of water deficiency. Plants 

resistance to water deficiency yields metabolic changes along with functional and structural 

rearrangements of photosynthesizing apparatus. Photosynthesis of higher plants decreases 

with the reduction in the relative water content (RWC) and leaf water potential. Lower 

photosynthesis rate is a usual effect of water stress in plants and has been attributed primarily 

to stomatal limitation and secondarily to metabolic impairment. However, metabolic 

impairment is the more complex phenomenon than the stomatal limitation though the relative 

importance of stomatal or metabolic inhibitions is unclear. Some studies blamed stomatal 

closure for the inhibition of C4 photosynthesis under water stress while others concluded that 

non-stomatal factors play the major role. 

The photosynthesis rate of leaves in both C3 and C4 plants decrease under the drought 

conditions. Evidence indicates that C4 photosynthesis is more sensitive to water stress and C4 

plants, such as com (Zea mays L.) are more susceptible to water deficiency than C3 plants, such 

as wheat. It explains the predominance of C4 plants in hot, arid regions - areas prone to 
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frequent drought. C3 and C4 plants are alike in the basic process of photosynthesis like Calvin 

cycle and electron transport chain components, yet significant differences exist between them, 

which make their responses to water stress differ at a number of levels. 

There are some co-factors, which decrease plants' photosynthesis under water stress. Of them, 

qualitative and quantitative changes in the pool of photosynthesizing pigments, low CO uptake 

due to stomatal closure and resistance, poor assimilation rates in photosynthetic leaves are 

prominent. Assimilation rates in photosynthetic leaves decreases due to reduced 

photosynthetic metabolites and enzymes activity, low carboxylation efficiency and inhibition of 

chloroplast activity at low water potential. Among co-factors of water stress, the damage of the 

photosynthetic apparatus through the production of ROS such as superoxide and hydroxyl 

radicals, worth special mention. 

Decrease in chlorophyll content of leaves under water stress is well known. Water stress 

inhibits chlorophyll synthesis at four consecutive stages: (1) the formation of 5-aminolevulinic 

acid (ALA): (II) ALA condensation into porphobilinogen and primary tetrapyrrol, which is 

transformed into protochlorophyllide: (III) light-dependent conversion of protochlorophyllide 

into chlorophyllide and (IV) synthesis of chlorophylls a and b along with their inclusion into 

developing pigment protein complexes of the photosynthetic apparatus. In the majority of 

cases, carotenoids are less sensitive to water stress than chlorophyll, which has been 

demonstrated for several species of agricultural plants. However, unlike chlorophyll, increase in 

xanthophyll pigments such as zeaxanthin and antheraxanthin in plants under water stress have 

been reported. Xanthophyll pigments have a protective role on plants under stress, and some 

of these pigments are involved in the xanthophyll cycle which has inhibitory role on ROS 

production. 

RuBisCO, the key enzyme for carbon metabolism in leaves, acts as a carboxylase in the 

Calvin cycle and as an oxygenase in the photorespiration which, however, frequently is viewed 

as an adverse process. RuBisCO is the most critical player influencing the physiology of plants 

under water-stressed conditions. Under the conditions of water stress, a rapid decrease in the 

amount of RuBisCO takes place in most plants which in turn leads to lower activity of the 

enzyme. This effect is evident in all plants studied though the extent is species dependent. 

Water deficiency reduces the supply of carbon dioxide from the environment due to the closure 

of stomata. Consequently, photorespiration increases which ensure partial substrate 

replenishment and maintain the carboxylating function of RuBisCO. 

The end result is the utilization of excess reducing equivalents in chloroplast that causes 

a reduction in the oxygen-free radicals' production leading to the oxidative damage in 

chloroplasts. The reduction in chloroplast volume can also be linked to the desiccation within 

the chloroplast that leads to the conformational changes in RuBisCO. Moreover, drought stress 

conditions acidify the chloroplast stroma causing inhibition to the RuBisCO activity. In addition, 

decline in RuBisCO activity is also caused by the lack of the substrate for carboxylation, 

reduction in the amount and/or activity of the coupling factor ATPase, loss of RBP recognition 

sites in RuBisCO, structural alterations of chloroplasts and RuBisCO, and release of RuBisCO 

from damaged plastids. In addition to RuBisCO, water stress can reduce activity of other 
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photosynthetic enzymes to different extents such as NADP dependent glyceraldehyde 

phosphate dehydrogenase, phosphoenolpyruvate carboxylase, NAD dependent malate 

dehydrogenase, phosphoribulos kinase, fructose-1,6-bisphosphatase and sucrose phosphate 

synthase. In addition to its negative effects on dark reactions of photosynthesis, water stress 

also disrupts the cyclic and non-cyclic types of electron transport during the light reaction of 

photosynthesis. The disruption is clearer in the oxygen-releasing complex and electron transfer 

from protochlorophyllide to P700. Lower electron transport rate negatively affects 

photophosphorylation process and decrease ATP synthesis as well as NADP+ reduction. ATPase 

inhibition under water deficiency is also responsible for the reduction in ATP levels in 

chloroplasts. All these factors cumulatively affect the intensity of photo-assimilation and the 

stability of the photosynthetic apparatus under the conditions of water stress. Both of the PSs 

in chloroplasts are affected by water deficiency however. PS I of some plants are more severely 

damaged compared to PS II, though there is an opposite conclusion as well. 

3.2 Protein synthesis 

Drought conditions bring about quantitative and qualitative changes in plant proteins. In 

general, proteins in the plant leaf decrease during water deficiency due to the suppressed 

synthesis, more pronouncedly in an in C4 plants. Water stress alters gene expression and 

consequently, the synthesis of new proteins and mRNAs. The main proteins those synthesized 

in response to water stress are LEA, desiccation stress protein, proteins those respond to ABA, 

dehydrins, cold regulation proteins, proteases, enzymes required for the biosynthesis of various 

osmoprotectants, the detoxification enzymes (SOD, CAT APX, POD, GR). In addition, protein 

factors involved in the regulation of signal transduction and gene expression, such as protein 

kinases and transcription factors are also synthesized. The majority of these stress response 

proteins are dehydrin-like proteins, which accumulate during seed production and embryo 

maturation of many higher plants as well as in water stressed seedlings. These proteins have 

highly conserved domain that linked to hydrophobic interactions needed for macromolecular 

stabilization. 

Heat-shock proteins (Hsps) and late embryogenesis abundant (LEA)-type proteins are 
two major types of stress-induced proteins during different stresses including water stress. 
Protection of macromolecules such as enzymes, lipids and mRNAs from dehydration are well 
known functions of these proteins. EA proteins accumulate mainly in the embryo. The exact 
functions and physiological roles of these proteins are unknown. Hsps act as molecular 
chaperones and are responsible for protein synthesis, targeting, maturation and degradation in 
many cellular processes. They also have important roles in stabilization of proteins and 
membranes and in assisting protein refolding under stress conditions. Expression of LEA-type 
genes under osmotic stress is regulated by both ABA dependent and independent signaling 
pathways. Genes encoding LEA-type proteins are diverse RD (responsive to dehydration), ERD 
(early response to dehydration). KIN (cold inducible), COR (cold regulated), and RAB (responsive 
to ABA) genes. 
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3.3 Lipids 

Water stress can lead to a disturbance of the association between membrane lipids and 
proteins as well as enzymes activity and transport capacity of membranes. Drought results in 
the variation of fatty acid composition, for example, an increase in fatty acids having less than 
16 carbons in chloroplasts. Lipid peroxidation is the well-known effect of drought and many 
other environmental stresses via oxidative damage. 

3.4 Morphological, anatomical and cytological changes 

In the majority of the plant species, water stress is linked to changes in leaf anatomy and 
ultrastructure. Shrinkage in the size of leaves, decrease in the number of stomata; thickening of 
leaf cell walls, cutinization of leaf surface, and underdevelopment of the conductive system - 
increase in the number of large vessels, submersion of stomata in succulent plants and in 
xerophytes, formation of tube leaves in cereals and induction of early senescence are the other 
reported morphological changes. The root-to-shoot ratio increases under water-stress 
conditions to facilitate water absorption and to maintain osmotic pressure, although the root 
dry weight and length decrease as reported in some plants like sugar beet and Populus. Higher 
root-to-shoot ratio under the drought conditions has been linked to the ABA content of roots 
and shoots. Water stress is linked to decrease in stem length and in plants such as Albizia, 
Erythrina, Eucalyptus and Populus with up to 25% decrease in plant height in citrus seedling. 
Decreased leaf growth, total leaf area and leaf-area plasticity were observed under the drought 
conditions in many plant species, such as peanut and Oryza sativa. Although water saving is the 
important outcome a lower leaf area, it causes reduced crop yield through reduction in 
photosynthesis. Decrease in plant biomass consequences from the water deficit in crop plants, 
mainly due to low photosynthesis and plant growth and leaf senescence during the stress 
conditions. However, in some plants, higher yield was reported under-water deficit condition. 
 

3.5 ABA accumulation 

The plant hormone ABA accumulates under-water deficit conditions and plans a major role in 
response and tolerance to dehydration Closure of stomata and induction of the expression of 
multiple genes involved in defense against the water deficit are known functions of ABA. The 
amount of ABAs in xylem saps increases substantially under reduced water availability in the 
soil, and this results in an increased ABA concentration in different compartments of the leaf. 
Another well-known effect of drought in plants is the decrease in PM-ATPase activity. Low PM-
ATPase increases the cell wall pH and lead to the formation of ABA- form of abscisic acid. ABA- 
cannot penetrate the plasma membrane and translocate toward the gourd cell by the water 
stream in the leaf apoplasm. High ABA concentration around guard cell results in stomata 
closure and help to conserve water. 

3.6 Mineral nutrition 

Water stress also affects plant mineral nutrition and disrupts ion homeostasis. Calcium plays an 
essential role in structural and functional integrity of plant membrane and other structures. 
Decrease in plant Ca2+ content was reported in many plants, for example, approximately 50% 
decrease in Ca2+ in drought stressed maize leaves, while in roots Ca2+ concentration was higher 
compared to control. Potassium is an important nutrient and plays an essential role in water 
relation, osmotic adjustment, stomatal movement and finally plant resistance to drought. 
Decrease in K+ concentration was reported in many plant species under water deficient 
condition, mainly due to membrane damage and disruption in ion homeostasis. K+ deficient 
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plant has lower resistance to water stress. Nitrogen metabolism is the most important factor 
that influences plant growth and performance. Disruption in N Metabolism is a crucial in-plant 
injury under the water deficit conditions. Some studies showed the reduction of nitrate uptake 
and decrease in nitrate reductase activity under water stress. 

4. Drought and oxidative stress in plants 

Oxidative stress, which frequently accompanies many abiotic stresses like high 
temperature, salinity, or drought stress, causes a serious secondary effect on cells. Oxidative 
stress is accompanied by the formation of ROSs such as 02-, 102, H2O, and OH- ROSs damage 
membranes and macromolecules affect cellular metabolism and play a crucial role in causing 
cellular damage under drought stress. Drought creates an imbalance between light capture and 
its utilization, which inhibits the photosynthesis in leaves. In this process imbalance between 
the generation and utilization of electrons is created. Dissipation of excess light energy in 
photosynthetic apparatus results in generation of reactive oxygen species (ROS). DNA nicking, 
amino acids, protein and photosynthetic pigments oxidation, and lipid peroxidation are the 
reported effects of ROS. 
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INTRODUCTION  

Energy plays a very critical role in the development of any country. By the year 2030, 
energy demand is estimated to increase by at least 35 per cent thus creating greater demand 
for solutions that reduce energy consumption. A global response is therefore needed towards 
the demand for products, solutions and systems that can contribute to solving energy 
problems. Since energy efficiency and conservation will be key elements to a sustainable future, 
India needs to focus a lot more on the technologies that are more energy efficient and 
sustainable. In order to meet India’s growing energy demand, it is important to not only 
increase electricity-generating capacity, preferably through renewable sources but also use 
energy efficiently.  

The country inherited a stagnant agriculture at the time of independence. The 
traditional tools and implements relied mostly on human and animal power and used a 
negligible amount of commercial energy. However, successive governments realized the 
importance of agriculture and initiatives were taken for the growth of this sector. Till the 1950s, 
use of tractors for agriculture was very limited. Tractor manufacturing in India started in 1961. 
Joint efforts made by the Government and private sector have led to steady increase in the 
level of mechanization over the years.  

As a result of increased mechanization in agriculture, crop production and rural agro 
processing emerged as one of the major consumers of commercial energy. The share of 
mechanical and electrical power in agriculture increased from 40% in 1971-72 to 84% in 2003-
04. The availability of farm power per unit area (kW/ha) has been considered as one of the 
parameters of expressing the level of mechanization. Electricity consumption in agriculture 
sector has been increasing mainly because of greater irrigation demand for new crop varieties 
and subsidized electricity to this sector. Moreover, due importance is not given to proper 
selection, installation, operation and maintenance of pumping sets, as a result of which they do 
not operate at the desired level of efficiency, leading to huge waste of energy. Agriculture 
sector also consumes millions of litre of High Speed Diesel (HSD) and Light Diesel Oil (LDO). 

Study shows that present energy-use efficiencies in the agriculture sector are low and 
there exists a great potential for energy conservation in this sector. By eliminating inefficiencies 
in the tube wells, huge quantity of high speed diesel and electricity can be saved yearly. 
Similarly, by improving tractor efficiency, huge quantity of fuel per year can be saved. 

In the context of Indian agriculture sector, majority of the energy used particularly the 
electricity is in pumping water for irrigation purpose. Water withdrawal is an energy intensive 
operation throughout the agriculture sector. In agriculture farms, water is mostly pumped from 
tube wells by using pumps which are operated by electric motor or are engine driven operated 
from fuel such as diesel. Sometimes tractor engine is also used to drive the pump by using 
suitable transmission. We see that the whole water pumping system for irrigation purpose 
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involves tube well pump or submersible pump, electric motor or engine in case of tube well 
pump, transmission mechanism such as belts or pulleys, foot valve, piping network. Hence, the 
overall performance and how efficient the whole water pumping system depend upon the 
performance of pump, electric motor, motor-turbine unit in case of submersible pump, types of 
pipes and piping layout and engine performance etc. So, there is an opportunity of energy 
saving in all of the above mentioned elements of water pumping system. 

Importance of Energy conservation 

o We use energy faster than it can be produced - Coal, oil and natural gas - the most utilized 
sources take thousands of years for formation. 

o Energy resources are limited - India has approximately 1% of world’s energy resources but it 
has 16% of world population. 

o Most of the energy sources we use cannot be reused and renewed - Non renewable energy 
sources constitute 80% of the fuel use. It is said that our energy resources may last only for 
another 40 years or so. 

o We save the country a lot of money when we save energy - About 75 per cent of our crude 
oil needs are met from imports which would cost about Rs.1, 50,000 crore a year 

o We save our money when we save energy - Imagine your savings if your LPG cylinder comes 
for an extra week or there is a cut in your electricity bills 

o We save our energy when we save energy - When we use fuel wood efficiently, our fuel 
wood requirements are lower and so is our drudgery for its collection 

o Energy saved is energy generated - When we save one unit of energy, it is equivalent to 2 
units of energy produced 

o Save energy to reduce pollution - Energy production and use account to large proportion of 
air pollution and more than 83 percent of greenhouse gas emissions. 

Though energy conservation and energy generation go hand in hand, the former is less 
expensive. A little less known fact is that pumps account for a massive 10% of the world’s 
electricity consumption – and a lot of this is wasted. As on today 1 millions of pump sets had 
been energized in India. Maharashtra has the maximum number of energized pump sets, 
followed by Andhra Pradesh Earlier, the average capacity of the pump sets was 3.68 kW and a 
pump set on an average consumed 6000 kWh of electricity in a year (central electricity 
authority, 2005). Consumers can make a drastic change in their energy consumption by taking a 
simple but effective step – that is by the optimal usage of energy efficient technologies.  

Following are few tips for energy conservation in water pumping system for irrigation 
purpose in agriculture sector: 
(i) Foot valve: 
Use properly designed foot valve. Foot valve with wider mouth and a larger area of opening are 
better as large valve helps save diesel and electricity as less fuel and power is needed to draw 
water from the well. 
Pipes: 
a. Pipes with smaller dia offer high friction and more diesel or power is required to pump water. 
So use larger diameter pipe. 
b. Use PVC pipes instead of galvanized iron pipe as PVC pipes offers less resistance. 
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Pipeline arrangement: 
a. Use fewer bends and avoid unnecessary fittings as these offers high friction which results in 
more fuel consumption. 
b. Avoids sharp bends as they offer more friction to the flow of water. 
Pump location: 
The tube-well pump works more efficiently when it is not more than 10 feet above water level. 
If the well is deep, the pump should be installed on a platform at the right height. 
 
CONCLUSION  

If consumers can make some change in their energy consumption – that is by the optimal 
usage of energy efficient technologies. We could save around 4% of the world’s total electricity 
consumption – equivalent to the residential electricity consumption of 1 billion people, if 
people were to switch to energy efficient pumps. We can achieve this by ensuring that the 
minimum standards for motor and pumps are higher than the current BIS standards. It is 
understandable that for the development of the country, people require an uninterruptable 
flow of energy. No country can therefore afford to think of not using and generating sufficient 
energy. But at the same time, to cope up with the rising energy demands, we are responsible to 
take actions to fill the gap between the demand and supply of energy. It is time to wake up to 
the reality and consider implementing reliable energy efficient measures to satisfy the country’s 
appetite for energy in the coming decades. 
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Maize is a cereal crop which is cultivated widely throughout the world and has the 
highest production among all the cereals. The worldwide production of maize was more than 
960 Million MT in 2013-14. It is an important food staple in many countries and is also used in 
animal feed and many industrial applications. The crop has tremendous genetic variability, 
which enables it to thrive in tropical, subtropical, and temperate climates. United States is the 
largest maize producer and also has a large surplus, which also makes it the largest maize 
exporter. Brazil, Ukraine and Argentina are the other key maize producing countries behind 
USA. The four countries together account for 80-85% of the total exports in maize.  

 
Maize is grown in all season in India due to its easily adopt to the different environment. 

It is predominantly a kharif crop with 85 per cent of the area under cultivation in the season. 
Maize is the third most important cereal crop in India after rice and wheat. It accounts for 9 per 
cent of total food grain production in the country. Maize production in India has grown at a 
Compound Annual Growth Rate (CAGR) of 5.5 per cent over the last ten years from 14 Million 
MT in 2004-05 to 23 Million MT in 2013-14. The predominant maize growing states that 
contributes more than 80 % of the total maize production are Andhra Pradesh 
(20.9%), Karnataka(16.5%), Rajasthan (9.9%), Maharashtra (9.1%), Bihar (8.9%), 
Uttar Pradesh (6.1%), Madhya Pradesh(5.7%), Himachal Pradesh(4.4%).  Maize 
production is dominated by Andhra Pradesh and Karnataka, producing 38 per cent of India’s 
maize in 2010-11. The differences in yield across the globe are mainly due to environmental, 
technological, economic and organizational factors. 

 
The farming system continues to utilize manual labour, animal power and tractor based 

technology in almost all operations. Agricultural machinery and implements are capable of 
doing field operations of better quality and in lesser time. The economic progress of a nation 
depends directly upon availability of energy and its consumption for useful utilization. 
Increased energy input in agriculture directly or indirectly increases the production of crops. It 
is an established fact that inadequacy of power and machinery results in poor yield in general. 
In order to bring more land under cultivation and to improve productivity, it is necessary to 
introduce farm mechanization. 

Methods of Maize harvesting     
In India there are two methods of maize harvesting are commonly practised, those are: 

Plucking of cobs  
The ears are removed from the standing plants and they are piled to open for twenty 

four hours and they are spread for drying in the sun. In this method stalks may be used as green 
fodder. 
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Stalk cutting 
The plants are cut and piled up on the field itself and the cobs are removed after two or 

three days of harvesting. The dried plants are used for haymaking. Maize grown for fodder is 
harvested at the milk to early dough stage. The earlier harvested crop usually yields less and is 
poor in protein content. For silage making late dough stage is preferred. 

Maize harvesting in India 
Mostly harvesting of maize crop is being done manually with traditional sickle. After 

harvesting, cobs are plucked manually by hand and cobs are dried in sunshine to reduce 
moisture content to 15-21 per cent (dry basis). Dehusking of cob is done by hand to remove its 
outer shell either just after harvesting or after sun drying. After that grain is obtained from 
dehusked cob (the process is called shelling). The output in terms of dehusking maize cobs 
traditionally (by hand) are reported to 30 kg/h and shelling efficiency with manually shelling 
(beating wooden stick) is reported to be 80% with 8.3 per cent grain damage (Mudgal et al., 
1998). Thus, this operation is highly labour intensive with full of drudgery in addition to losses 
in quality and quantity. Power operated maize shellers are being used for threshing maize. Self-
propelled maize combine harvester are also used for direct harvesting and threshing of maize 
with husk. The farmers were convinced about the utility of mechanization of maize harvesting 
due to increasing labour shortage.  
 
Combine harvester- Thresher for corn 

Functional components of corn harvester: The basic components for all types of maize 
harvester include a gathering unit to guide the stalks into the machine, snapping rolls to 
remove the ears from the stalks, and lugged gathering chains to assist in feeding the stalks into 
the rolls and moving the stalks and snapped ears rearward through the snapping zone. 
 
Different units of maize harvester 

Gathering units: It is relatively simple matter for gathering device control stalks and 
feed them into the snapping units when the stalks are standing. Unfortunately, many stalks 
become lodged (leaning or broken) during the season, due to adverse weather conditions, 
disease, and high plant populations. The gathering assembly must be able to lift lodged stalks 
and guide them into the snapping unit with a minimum number of ears lost during the process. 
This requires having pick up devices close to the ground and handling the stalks gently to avoid 
excessive accelerations and consequent detachment of ears. 
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Snapping unit: Two general types of snapping rolls are employed. These may be 
described as spiral-ribbed or spiral- lugged rolls and straight-fluted rolls. Types have tapered,  
spiral-ribbed points to facilitate stalk entry, and both types pull the stalks downward between 
the two rolls. With spiral- ribbed rolls, the ears are snapped off of the stalk when the ears 
contact the closely spaced rolls. Straight-fluted rolls pull the stalks down between two stripper 
plates and the ears arc snapped off when they contact the plates. 

 
Trash removal: special trash rolls are often provided on corn pickers to remove trash 

and broken stalks not expelled by spiral-ribbed snapping rolls. Fluted sections may be 
incorporated on the upper ends of the snapping rolls. Transverse, fluted rolls are sometimes 
mounted at the discharge end of a snapper-ear conveyor. The principal function of the 
transverse rolls is to remove relatively long sections of stalk. Small blowers may also be used to 
assist in removing trash. 

 
Husking unit- The husking unit on a picker has pairs of rolls that grasp the husks and pull 

them downward between the rolls. Usually, all the husks are taken at once when one is caught. 
Most husking beds have either 2 or 3 pairs of rolls per corn row. The rolls may be in a separate 
husking bed at the discharge end of a conveyor from the snapping rolls and fed by snapping roll 
conveyor. With separate husking beds, there may be one per row or one per machine. Husking 
rolls are generally 64 to 76 mm in diameter and 760 to 1270 mm long and they operate at 
about 500 r/min. 
 
CONCLUSION 

Maize harvesting is highly labour intensive with full of drudgery in addition to losses in 
quality and quantity. Power operated maize shellers are being used for threshing maize. Self-
propelled maize combine harvester are also used for direct harvesting and threshing of maize 
with husk. Now day’s farmers are convinced about the utility of mechanization of maize 
harvesting due to increasing labour shortage. At present fully mechanized harvesting of maize is 
comparatively expensive but popularization of maize combine may bring down the cost of 
harvesting and threshing. 
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INTRODUCTION 
Bioremediation is a biological process whereby organic wastes are biologically degraded under 
controlled conditions. The process involves the use of living organisms, primarily 
microorganisms, to degrade the environmental contaminants. In this process contaminant 
compounds are transferred by living organisms through reactions that take place as a part of a 
metabolic process. For bioremediation to be effective, microorganisms must enzymatically 
attack the contaminants and convert them into harmless products. Thus, its application 
involves the manipulation of environmental parameters to allow microbial growth and 
degradation to proceed at a faster rate. The control and optimization of a bioremediation 
process is a complex phenomenon. Various factors influence this process. These factors include: 
the existence of a microbial population capable of degrading pollutants; the availability of 
contaminants to the microbial population; the environmental factors (type of soil, temperature, 
pH, the presence of oxygen or other electron acceptors and nutrients). 

Bioremediation strategies 
Bioremediation can be in-situ or ex-situ. In situ bioremediation involves treating the 
contaminated material at the site while ex-situ bioremediation involves the removal of the 
contaminated material to be treated elsewhere. In-situ bioremediation techniques are 
generally the most desirable options due to lower cost and less disturbance since they provide 
a treatment at a site avoiding excavation and transport of contaminants. Ex-situ bioremediation 
requires transport of the contaminated water or excavation of contaminated soil prior to 
remediation treatments.  

In-situ or ex-situ strategies involve difference technologies such as bioventing, 
biosparging, bioreactor, composing, landfarming, bioaugmentation and biostimulation. 

Bioventing is an in-situ bioremediation technology that uses microorganisms that biodegrade 
organic constituents adsorbed in to the soils into the unsaturated zone. Bioventing enhances 
the activity of indigenous bacteria and stimulates the natural in-situ of biodegradation of 
contaminated materials in soil by inducing air or oxygen flow into the unsaturated zone and, if 
necessary, by adding nutrients. 

Biosparging is also an in-situ bioremediation technology that uses indigenous microorganisms 
to biodegrade organic constituents in the saturated zone. In biosparging air (or oxygen) and 
nutrients (if needed) are injected into the saturated zone to increase the biological activity of 
the indigenous microorganisms. 

Biostimulation involves the modification of the environment to stimulate the existing bacteria 
capable of the bioremediation. This can be done by addition of the various forms of rate 
limiting nutrients and electron acceptors, such as phosphorous, oxygen, nitrogen or carbon 
(e.g., in the form of the molasses). 
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Bioaugmentation is a process where selected standardized bacteria (microbes) are added to an 
area that has been contaminated with an unwanted substance. These bacteria cause the 
breakdown of the contaminants. 

Composting is a controlled decomposition of organic matters. It involves the mixing of 
contaminated soils with non-hazardous organic materials such as manure or agricultural 
wastes. The presence of the organic materials supports the development of the rich microbial 
population, which cause decomposition of organic contaminants. 

Bioreactors such as slurry reactors or aqueous reactors are used for ex-situ treatment of 
contaminated soil and water. Bioremediation in reactor involves the processing of the 
contaminated solid material or water through an engineered water contaminant system. A 
slurry bioreactor is a contaminant vessel and an apparatus used to create a three phase (solid, 
liquid and gas) mixing condition to increase an bioremediation rate of soil bound and water-
soluble pollutants as a water slurry of the contaminated soil and biomass (usually indigenous 
microorganisms) capable of degrading target contaminants. 

Landfarming is a simple technique in which contaminated soil is excavated and spread over a 
prepared bed and periodically tilled until pollutants are degraded. The goal is to stimulate 
indigenous biodegradative microorganisms and facilitate their aerobic degradation of 
contaminants. In general, the practice is limited to the treatment of superficial 10-35cm of soil. 
Since landfarming has the potential to reduce monitoring and maintenance costs, as well as 
clean-up liabilities, it has received much attention as a disposive alternative. 
 
Advantages of bioremediation 
Bioremediation is a natural process and is therefore used as an acceptable waste treatment 
process for contaminated material such as soil. Microbes able to degrade the contaminant 
increase in numbers when the contaminant is present; when the contaminant is degraded, the 
population declines. The residues for the treatment are usually harmless products and include 
carbon dioxide, water and cell biomass. 

By the process of bioremediation instead of transferring the contaminants from one 
environment medium to another, for example, from land to water or air, the complete 
destruction of the pollutants is possible. Bioremediation can often be carried out on site, often 
without causing the major disruption of normal activities. This also eliminates the need to 
transport waste offsite and potential threats to the human health and the environment that 
can arise during transportation. Bioremediation is also less expensive than other technologies 
that are used for cleanup of hazardous waste. 
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ENVIRONMENTAL POLLUTION 
Environmental pollution is any discharge of material or energy into water, land, or air that 
causes or may cause acute (short-term) or chronic (long-term) detriment to the Earth's 
ecological balance or that lowers the quality of life. Pollutants may cause primary damage with 
direct identifiable impact on the environment, or secondary damage in the form of minor 
perturbations in the delicate balance of the biological food web that are detectable only over 
long time periods. 
 
Different Types of Pollution 
WATER POLLUTION 
Water pollution is the introduction into fresh or ocean waters of chemical, physical, or 
biological material that degrades the quality of the water and affects the organisms living in it. 
This process ranges from simple addition of dissolved or suspended solids to discharge of the 
most insidious and persistent toxic pollutants (such as pesticides, heavy metals, and 
nondegradable, bioaccumulative, chemical compounds). 
 
Conventional 
Conventional or classical pollutants are generally associated with the direct input of (mainly 
human) waste products. Rapid urbanization and rapid population increase have produced 
sewage problems because treatment facilities have not kept pace with need. Untreated and 
partially treated sewage from municipal wastewater systems and septic tanks in unsewered 
areas contribute significant quantities of nutrients, suspended solids, dissolved solids, oil, 
metals (arsenic, mercury, chromium, lead, iron, and manganese), and biodegradable organic 
carbon to the water environment. 
Conventional pollutants may cause a myriad of water pollution problems. Excess suspended 
solids block out energy from the Sun and thus affect the carbon dioxide-oxygen conversion 
process, which is vital to the maintenance of the biological food chain. Also, high 
concentrations of suspended solids silt up rivers and navigational channels, necessitating crop 
irrigation. 
 
Non-conventional  
Non-conventional pollutants include dissolved and particulate forms of metals, both toxic and 
nontoxic, and degradable and persistent organic carbon compounds discharged into water as a 
by-product of industry or as an integral part of marketable products. More than 13.000 oil spills 
of varying magnitude occur in the United States each year. Thousands of environmentally 
untested chemicals are routinely discharged into waterways, an estimated 400 to 500 new 
compounds are marketed each year. In addition, coal strip mining releases acid wastes that 
despoil the surrounding waterways. Nonconventional pollutants vary from biologically inert 
materials such as clay and iron residues to the most toxic and insidious materials such as 
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halogenated hydrocarbons (DDT, kepone, mirex and polychlorinated biphenyls--PCB). The latter 
group may produce damage ranging from acute biological effects (complete sterilization of 
stretches of waterways) to chronic sublethal effects that may go undetected for years. The 
chronic low-level pollutants are proving to be the most difficult to correct and abate because of 
their ubiquitous nature and chemical stability. 
 
Causes of Water Pollution 
Although certain natural processes may cause some amount of water pollution, anthropogenic 
effects cause water pollution the most. We need to use water everyday, both in our industries 
as well as our homes. We get this water from groundwater sources, rivers, and lakes. Most of 
the water we use - and abuse - finds its way back to one or more of these water bodies. 
The used water from agricultural and industrial practices, and household use, all comes 
together to generate sewage or wastewater. If sewage allowed to flow back into water systems 
without being treated, it causes pollution. The polluted water bodies harm all life, humans, 
animal and plants. Water also gets polluted due to surface runoff from industries, agricultural 
land and urban areas, which flow directly through storm-water drains into water systems 
without any treatment. 
The disposal of sewage is a major problem in developing countries where there isn't adequate 
sanitation in large areas, thus carrying disease causing bacteria and viruses into sources of 
water. However, developed countries too contribute to water pollution; people often flush 
pharmaceutical and chemical products down their toilet, adding to the chemical load of 
wastewater and sewage. 

Some of the other causes of pollution are oil spillages and dumping in oceans, dumping 
litter into streams, rivers, and oceans such as cardboard, newspaper, foam, Styrofoam, plastic 
packaging, aluminum, glass, and so on. Some of these pollutants take a very long time to 
degrade. For example, foam takes 50 years, Styrofoam takes 80 years, and aluminum takes 200 
years while plastic packaging can take 400 years! 

Nuclear waste, atmospheric deposition, and underground storage leakages are some of 
the other causes of water pollution. 
 
Causes of Soil Pollution 
Soil pollution is a result of many activities and experiments done by mankind which end 
contaminating the soil. Here are some of the leading soil pollution causes: 

 Industrial wastes such as harmful gases and chemicals, agricultural pesticides, fertilizers 
and insecticides are the most common causes of soil pollution. 

 Ignorance towards soil management and related systems. 

 Unfavorable and harmful irrigation practices. 

 Improper septic system and management and maintenance of the same 

 Leakages from sanitary sewage. 

 Acid rains, when fumes released from industries get mixed with rains. 

 Fuel leakages from automobiles, that get washed away due to rain and seep into the 
nearby soil. 

 Unhealthy waste management techniques, which are characterized by release of 
sewage into the large dumping grounds and nearby streams or rivers. 
The intensity of all these causes on a local or regional level might appear very small and 

you may argue that soil is not harmed by above activities if done on a small scale! However, 
thinking globally, it is not your region or my place that will be the only sufferer of soil pollution. 
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In fact, it is the entire planet and mankind that will encounter serious problems, as these 
practices are evident almost everywhere in the world. 
 
Effects of Environmental Pollution on vegetation 
I. Effects of Air Pollution 
Trees Damaged by Acid Rain 

 Acid rain can kill trees, destroy the leaves of plants, can infiltrate soil by making it 
unsuitable for purposes of nutrition and habitation. 

 Ozone holes in the upper atmosphere can allow excessive ultraviolet radiation from the 
sun to enter the Earth causing damage to trees and plants. 

 Ozone in the lower atmosphere can prevent plant respiration by blocking stomata 
(openings in leaves) and negatively affecting plants' photosynthesis rates which will 
stunt plant growth; ozone can also decay plant cells directly by entering stomata 

 
II. Effects of Water Pollution 

 May disrupt photosynthesis in aquatic plants and thus affecting ecosystems that depend 
on these plants. 

  Terrestrial and aquatic plants may absorb pollutants from water (as their main nutrient 
source) and pass them up the food chain to consumer animals and humans. 

 Plants may be killed by too much sodium chloride (ordinary salt) in water. 

  Plants may be killed by mud from construction sites as well as bits of wood and leaves, 
clay and other similar materials. 

 Plants may be killed by herbicides in water; herbicides are chemicals which are most 
harmful to plants. 

 
III. Effects of Soil Pollution 
History by water condensing on smoke particles, usually from burning coal. The infamous 
London fogs--about 4.000 deaths were attributed to the severe fog of 1952-were smog of this 
type. Another type, ice fog, occurs only at high latitudes and extremely low temperatures and is 
a combination of smoke particles and ice crystals. 
As a coal economy has gradually been replaced by a petroleum economy. Photochemical smog 
has become predominant in many cities. Its unpleasant properties result from the irradiation by 
sunlight of hydrocarbons (primarily unburned gasoline emitted by automobiles and other 
combustion sources) and other pollutants in the air. Irradiation produces a long series of 
photochemical reactions (see photochemistry). The products of the reactions include organic 
particles, ozone, aldehydes, ketones, peroxyacetyl nitrate, and organic acids and other 
oxidants. Sulfur dioxide, which is always present to some extent, oxidizes and hydrates to form 
sulfuric acid and becomes part of the particulate matter. Furthermore, automobiles are 
polluters even in the absence of photochemical reactions. They are responsible for much of the 
particulate material in the air: they also emit carbon monoxide, one of the most toxic 
constituents of smog. 
Air pollution on a regional scale is in part the result of local air pollution—including that 
produced by individual sources, such as automobiles--that has spread out to encompass areas 
of many thousands of square kilometers. Meteorological conditions and landforms can greatly 
influence air-pollution concentrations at any given place, especially locally and regionally. For 
example, cities located in bowls or valleys over which atmospheric inversions form and act as 
imperfect lids are especially likely to suffer from incidences of severe smog. Oxides of sulfur and 
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nitrogen, carried long distances by the atmosphere and then precipitated in solution as acid 
rain, can cause serious damage to vegetation, waterways, and buildings. 
 
Global 
Humans also pollute the atmosphere on a global scale, although until the early 1970s little 
attention was paid to the possible deleterious effects of such pollution. Measurements in 
Hawaii suggest that the concentration of carbon dioxide in the atmosphere is increasing at a 
rate of about 0.2% every year. The effect of this increase may be to alter the Earth's climate by 
increasing the average global temperature. Certain pollutants decrease the concentration of 
ozone occurring naturally in the stratosphere, which in turn increases the amount of ultraviolet 
radiation reaching the Earth's surface. Such radiation may damage vegetation and increase the 
incidence of skin cancer. Examples of stratospheric contaminants include nitrogen oxides 
emitted by supersonic aircraft and chlorofluorocarbons used as refrigerants and aerosol-can 
propellants. The chlorofluorocarbons reach the stratosphere by upward mixing from the lower 
parts of the atmosphere (see ozone layer). It is believed that these chemicals are responsible 
for the noticeable loss of ozone over the polar regions that has occurred in the 1980s. 
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INTRODUCTION 

The nutritional security provided by fish to human mankind is well accepted and 
highlighted one. The role of nutritional security provided by fish is expected to increase along 
with the rising population and the demand of fish consumption. One of the estimate had 
emphasized that aquaculture could contribute more than 50 % fish supply by 2020 (FAO, 2013). 
In this context, it is highly desirable to attain the maximum level of fish production to meet out 
the growing demand and profit optimization. The maintenance of nutritional quality in seed 
and larval form the basic foundation for achieving sustainable fish culture practices. Since the 
problem of larval nutrition remained the major bottleneck as the nutritional requirement 
imbalances in the early feeding of larval stages. Bio-encapsulation and bio-enrichment methods 
can be employed with a view to improve the nutritional status of the live feed. These 
techniques will able to improve the growth and survival rate of fish juveniles and is considered 
emerging prospects in the field of aquaculture.   
 
Bio-encapsulation and its role in enrichment in larval feeds 

The techniques of bio-encapsulation involve the coating of live food organisms with 
certain products where live feed act as vector in order to supply nutritional requirements and 
protection of immune system. Most commonly used live feed includes brine shrimp (Artemia 
sp.), rotifers (Brachionus sp.) and which can be successfully used as vectors for providing 
different substances such as probiotics, nutrients etc. to larval feeds.  Some of the previous 
works results related to bio-encapsulation is shown the table 1.   

Table 1: Performance of bio-encapsulated feed    

Bio-encapsulation 
material 

Live feed Significant results References 

Florfenicol Artemia 
franciscana 

No sign of mortality was 
recorded as a result of the 
enrichment procedures 

Roiha et al. 
(2010) 

Probionts 
(Lactobacillus 
acidophilus, L. 
sporogenes) 

Artemia nauplii Artemia nauplii encapsulated with 
probionts showed less mortality. 

Immanuel 
(2016) 

Bacillus strain S11 Formulated 
shrimp feed 

Bacillus encapsulated with shrimp 
feed produced fast growth and less 
disease incidence in Penaeus 
monodon larvae. 

Rengpipat et 
al. (1998) 

Bacillus circulans 
(Fermenter) 

Spawn feed of 
Labeo rohita 
(in vitro 
condition) 

This process helps in increasing the 
releasing of crude protein and free 
amino acid content from the feed 
which resulted in better growth and 
survival of spawn. 

Ghosh et al. 
(2004) 

Streptomyces Post larval rearing Improved growth of Aftabuddin 
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fradiae, Bacillus 
megaterium 
 
 

feed of Penaeus 
monodon 

post-larval shrimp 
Penaeus monodon through 
improvement of feed assimilation 
efficiency. 

et al. (2013) 

Lactic acid 
bacteria 
 

Larval feed of 
Oreochromis 
mossambicus 

Incorporation of lactic acid bacteria 
act as fermenter help in production 
of  
fermentative 
metabolism during the larval stages 
of Oreochromis mossambicus 

Ray et al. 
(2007) 

Bacillus subtilis, 
Lactococcus lacti 
 

Labeo rohita 
fingerlings 

Incorporation of probiotic 
microorganism would help in better 
growth performance and nutrient 
utilization in carp 

Mohapatra 
et al. (2012) 

Bacillus subtilis and 
Lactobacillus 
plantarum 
 

Artemia nauplii Decreased vibriosis 
in European sea bass 
larvae Dicentrachus 
labrax (L.) 

Touraki et al. 
(2012) 

 
Factors to be considered 

1. Proper selection of the carrier or live food will determine the acceptability of the 
organism and its size. 

2. Nutritional quality, digestibility, and acceptability prior and after encapsulation 
3. The bonding relationship between enrichment media and the carrier organism,  
4. Economic viability of enrichment 
5. Purity of the culture of the carrier organism 
6. Ease of availability of carrier organisms by target species and its easy reproduction. 

CONCLUSION 
The maintenance of nutritional quality of larval feed has significant effect on fish culture 

operation. The process of bio-encapsulation or bio-enrichment activities through addition of 
certain products like beneficial bacterial strains, vitamin via living vehicle would likely to 
improve the immune system and nutritional balance of the fish and shrimp larval culture. 
Though the process of bio-encapsulation should consider the factors like proper selection of 
live food, nutritional quality of the enrichment substance, ease of availability of carrier 
organism, cost viability, etc. for its successful implementation.  
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INTRODUCTION: 

The alarming and unprecedented rise in the atmospheric concentration of greenhouse gases 

under global climate change warrants an urgent need to understand the synergistic and holistic 

mechanisms associated with plant growth and productivity. Concentrations of carbon dioxide 

(CO2) in the atmosphere have increased from pre-industrial levels of about 270 μmol mol−1 to 

current concentrations of 360 μmol mol−1. Increases in greenhouse gases in the atmosphere, 

such as CO2, methane and nitrous oxide, are predicted to result in a rise in mean temperatures 

of 2–3°C by the year 2050 and even by as much as 4.5°C by 2100 AD together with more 

frequent episodes of water deficit and higher temperature events. 

In the future it is thought that the increase in CO2 and other greenhouse gases will cause 

an increase in global mean temperature, with larger increases at high latitudes than elsewhere 

and larger increases during winter than summer. 

2. The effect of elevated CO2 and climatic extremes on plant growth 

2.1 Plant structures: leaves and roots 

CO2 enrichment of the air in which crops grow usually stimulates their growth and yield. Plant 

structure and physiology are usually markedly altered; this includes increased leaf expansion 

and cell wall extensibility and often cell turgor pressure, leading to increased leaf and root 

growth. If increased turgor pressure is alone insufficient to account for increases in leaf growth 

under elevated CO2, then cell wall relaxation (extensibility), cell division or both may also be 

affected. 

Simplistically, scientists have suggested that increased leaf size, if associated with larger 

cells, suggests that cell expansion has been stimulated, whilst increased leaf size, if associated 

with more cells, suggests that cell division has been stimulated. 

However, various studies have reported differences in the various cellular mechanisms 

driving leaf expansion, which can vary between species and seasons; thus, one or other 

mechanisms may play a larger role, but this is beyond this introductory unit. Similar studies 

have focused on roots and such similar mechanisms for increased root length and/or biomass 

under conditions of elevated CO2 

. 
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2.2 Seasonal growth 

Contrasting seasonal growth responses to elevated CO2 and temperature in certain species 

suggests that pasture management may change in the future. 

The grazing season may be prolonged, but whole-season productivity may become more 

variable than today. This is shown by studies of perennial ryegrass where, in spring, increased 

leaf extension occurred in elevated CO2 whilst in summer it was reduced. In high temperature it 

was reduced in both seasons. 

In elevated CO2 × temperature, leaf extension increased in spring, whilst in summer it 

decreased. Many organisms are near their tolerance limits and some may not be able to persist 

under hotter conditions. Higher temperatures in arid regions with cold winters may mean 

spring growth occurs earlier. Water reserves gained during the winter may, in some cases, be 

depleted earlier. 

2.3 Climate change and agriculture 

Climate change will affect agriculture through effects on crops and weeds, soils, insects and 

disease. In terms of crops, the main climatic variables that are important are temperature, solar 

radiation, water and atmospheric CO2 concentration. However, whilst plant development is 

generally increased by temperature, CO2 enrichment can accelerate it even further in some 

cases, whilst in other cases it may have no effect or retarding effects in other cases. 

Plant growth and crop yields depend on temperature and temperature extremes. The 

optimum range for C3 crops is 15–20°C and for C4 crops it is 25–30°C. The variation in 

temperature requirements and temperature extremes of different cultivars of the same 

species, and among species, is quite wide for most crops. C3 plants are sensitive to higher 

CO2 and typically respond with an increase in photosynthesis and growth, whilst C4 plants don't 

respond so dramatically. Typically, field-grown crops, such as winter wheat, carrot, cauliflower 

and onion, have been shown to increase leaf area and biomass during early crop growth under 

elevated CO2 conditions compared with ambient conditions. 

Water stress has often been observed to be ameliorated by increasing concentrations of 

CO2. By inducing the partial closure of stomata, water is conserved. A study of plant responses 

to atmospheric CO2 enrichments under conditions of environmental stress concluded that the 

relative growth-enhancing effects of elevated CO2 were greatest when resource limitations and 

environmental stress were most severe. 

Web-based resources on plant growth and CO2: 

 BBC Weather Centre on extreme weather on agriculture 

 Center for the Study of Carbon Dioxide and Global Change web page on ‘Interaction of 

CO2 and light on plant growth – summary’ 

 Friends of Science website on CO2 and plant growth 
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 Science Daily article ‘High carbon dioxide boosts plant respiration, potentially affecting 

climate and crops’. 

3. The effects on yield and phenology 

Through global warming, an anticipated increase in temperature can potentially have various 

effects, e.g. pikelet sterility in rice, reversal of vernalisation in wheat, reduced formation of 

tubers in potatoes, loss of pollen viability in maize. Yields can be severely affected if 

temperatures exceed critical limits for periods as short as 1 h during anthesis (flowering). 

Flowering is a very important event in crop development, as it is a phase which is particularly 

vulnerable to environmental stresses (Roberts et al., 1993). 

It is thought that extreme temperatures are more important than average temperatures 

in determining plant responses. Crop yields are affected by net primary productivity and also by 

the phenology of crop development. Increased temperature can speed phenological 

development, reducing the grain-filling period for crops and lowering yield. Crop yields were 

greater under elevated CO2, but warmer temperatures reduced the duration of crop growth 

and, hence, the yield of determinate crops such as winter wheat and onion; but the yield of 

carrot, for example, an indeterminate crop, increased progressively with temperature (Wheeler 

et al., 1996). 

In terms of temperature, a 12-day period of high temperature stress close to anthesis 

reduced spring wheat root biomass from 141 to 63 g m−2 (Ferris et al., 1998) by the end of the 

elevated mean temperature period, whereas mean temperatures over the treatment period 

had no effect on either above-ground biomass or grain yield at maturity. Interestingly, it was 

increasing maximum temperatures over the mid-anthesis period which was related to a decline 

in the number of grains per ear at maturity. Grain yield and harvest index also declined sharply 

with maximum temperature. This study suggested that high temperature extremes may reduce 

yields considerably. 

Elevated CO2 can aid the recovery of plants from high temperature-induced reductions 

in photosynthetic capacity. Ferris et al. (1998) grew soybeans for 52 days under normal air 

temperature and soil water conditions at atmospheric CO2 concentrations of 360 and 700 μmol 

mol−1, but then subjected them to an 8-day period of high temperature and water stress. After 

normal air temperature and soil water conditions were restored, the CO2-enriched plants 

attained photosynthetic rates that were 72% of their unstressed controls, while stressed plants 

grown at ambient CO2 attained photosynthetic rates that were only 52% of their respective 

controls. 

In the same study total biomass was 41% greater under elevated CO2 than under 

ambient CO2 but reduced by high temperature, water deficit and high temperature × water 

deficit under both CO2 concentrations. At maturity, seed dry weight and number per plant 

under elevated CO2 were increased by an average of 32% and 22% respectively compared with 

ambient CO2. The same parameters were reduced after high temperature × water deficit by 

29% and 30% respectively in ambient CO2 and elevated CO2. Seed filling was earlier under high 
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temperature and high temperature × water deficit. The rate of change in harvest index was 

unaltered by CO2, while it decreased under the combined effects of high temperature × water 

deficit. Seed number explained 85% of the variation in yield, but yield was also related linearly 

to photosynthesis during seed filling, suggesting both are important determinants of yields 

under stress. 

CONCLUSION:  

The interactive effects of multiple environmental factors on plant responses to rising CO2 

require a careful study. Such information should demonstrate how the multiple environmental 

factors, when altered in a changed climate, could interact with each other resulting in increase 

or decrease in the growth and metabolism of several plants. An immediate and significant 

increase in photosynthesis can be exploited as a major strategic adaptation to mitigate the 

global rise in atmospheric CO2. The veracity of information on morphological, physiological, 

biochemical and molecular responses of different plants to elevated CO2 suggests that 

photosynthetic acclimation and the resulting down-regulation of plant metabolism is due to 

imbalances between the source–sink capacity. Future genetic studies on sugar management for 

biomass production in green plants, exposed to increased CO2 concentration in the 

atmosphere, would be extremely important. Genetic transformation of plants for efficient 

nitrogen assimilation under elevated CO2 could be highly useful in improving the capacity of 

nitrogen sink to mitigate excessive accumulated sugars. It would also be useful to understand 

the impact of elevated CO2 on primary photosynthetic reactions including photosystem II (PS II) 

photochemical performance. Evolution of plants from C3 to C4 indicates that elimination of 

photorespiration was due to high level concentration of CO2 around rubisco. Studies on single 

cell photosynthesis to substantially increase the concentration of CO2 around the carboxylating 

system(s), by engineering C4 genes into C3 plants, could lead to producing C4-like environment 

in these plants. The intensity of photosynthetic acclimatory responses to rising CO2 is species-

specific. If photosynthetic acclimation can be decreased either through breeding or by potential 

recombinant DNA technology, many of the C3 and C4 food crops could profit more from the 

constant increase in the atmospheric CO2 concentrations and the concomitant changes in the 

global climate. A major challenge would be to develop a whole plant for optimal acclimation 

responses for increasing atmospheric CO2 concentrations and its interactions with various 

growth environments. It would also be interesting to evaluate the genetic variability among 

plants for acclamatory adaptive responses within a specific interactive environmental context.  
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Papaya is a major fruit crop of tropical and subtropical agro climatic region. Papaya is a 
very delicious fruit with high Vitamin A (2200 IU). Papaya plant and fruit have immense 
potential as a medicinal plant also. Papaya contains papain (a proteolytic enzyme) which is 
utilizable at industrial level as well. Papaya is botanically a berry. 

Intra-ovarian ovary of papaya was first time described by Bergman in the year 1921. He 
observed 4-5 tiny fruits attached to the basal placental region of the fruit. Intra-ovarian ovary of 
papaya was illustrated by Nakasone and Arkle (1971) as proliferated tissues of ovaries in the 
seed cavity. The structure could be thread like appendage or round/elongated structure. The 
size and shape can be varied situation to situation. They can even fill the entire seed cavity of 
the primary fruit. Usually the secondary fruit can also have seed cavity. Fruits with intra-ovarian 
ovary do not show any specific indication from outside. So we can call it a rudimentary pistil like 
structure at the base of the fruit cavity. The internal pistil can vary in size shape and number.  

 Usually the secondary fruit inside the primary fruit is paler in colour and does not 
produce any seed. In case seeds are there, they are not at all viable. Microscopic observation of 
the tiny secondary fruits cells revealed the presence of a slightly larger fruit as compared to 
that of normal epidermal cells. The guard cells of the secondary fruit are achlorophyllous and 
do not contain stomata. The secondary fruit surface does not contain wax coating and have a 
thin epidermis (Bergman, 1921). 

  
Figure 1 & 2: Intra-ovarian ovary of papaya 
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According to Paull et. al., (1997) the secondary fruit is because of the proliferation of the tissue 
in the seed cavity. The secondary fruits are insipid and very rarely contain viable seeds.  
 Intra-ovarian ovary of papaya is a minor physiological disorder. But with increasing 
hermaphrodite papaya cultivation, it can turn out to be a major disorder. This is because 
hermaphrodite varieties are highly susceptible to this disorder. Due to this disorder, the 
nutrient and photosynthate that were supposed to be utilized for primary fruit also get 
distributed to secondary fruit. As far the latest concept, the internal ovaries inside the primary 
fruit originate from stimulated growth of rudimentary pistillate structure. This structure can 
extend from the central axis of the receptacle or from the placenta.  
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ABSTRACT 

From the past few years there are so many changes in the consumer demand regarding the 

food and its acceptance. These days people not only eat to fulfill stomach but also to get high 

nutrition , energy, less calorie and additional good effects from food. Changes in food is not 

only challenge for consumers but also for the manufacturers. These days people are more 

aware of the nutritional side of different food options thus consumers are moving towards the 

different type of seeds and their health benefits. It also creates opportunity for the new 

product developers and food manufacturing companies to introduce and launch incorporation 

of different seeds in cookies, muffins , energy bar etc. These products are not only for good 

taste but will also provide new options for health conscious people and patients who are 

suffering from lack of specific nutrition. 

 

INTRODUCTION 

These days with a busy and hectic life style people do not have time to properly cook food so 

they are moving towards ready to eat food that is tasty , takes less time and also provide the 

required nutrition , this food trend now gives a new challenge to food manufacturing 

companies to develop a product that fits the demand and need of the consumer, food that is 

ready to eat, tasty and also rich in nutrition . Diets involving different seed that gives product 

which consist fiber, protein and high therapeutic effects on body. 

Here , basically we are talking about flax seed and bitter melon seeds with flavor and odor of 

rose petals in different products . we all know that flax seeds are rich source of omega -3 fatty 

acid, fiber and protein . It also contain lignans , which may help protect body from cancer [1]. 

Flax seeds with pumpkin seeds and rose petals can be used to bake muffins and where as bitter 

melon seeds and shreds can be used to make cookies , they are rich source of iron , vitamin K , 

antioxidants , zeaxanthins , anti-inflammatory etc. It helps in curing  so many disease and health 

related problems[2].  

 

MUFFINS AND COOKIES: A muffin is an in individual sized, baked product, Basically a cupcake is 

like a quickbread. Development of multigrain muffin with nutritional value of seeds is healthy 

and beneficial for people who are diet conscious. Muffins are oriented in north America during 

the 19th century . Muffins are mostly famous among children and young age people, so 

incorporating seeds in muffins is a good idea because it will provide them proper nutrition 

required for good body growth and development. 
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INTRODUCTION 

Cookies are one of the most consumed bakery product worldwide. The word cookie refers to 

“small cakes” derived from the dutch word “ koekje” or “koekie”. Cookies contain many of the 

same ingredients as cake except that they have a lower proportion of liquid with a higher 

proportion of sugar and fat to flour. Cookies are made in a wide variety of styles, using an array 

of ingredients including sugars, spices, chocolate, butter, peanut butter, nuts, seeds, or dried 

fruits. Cookies are great to satisfy your hunger but diabetic patients have always faced problem 

with this because they could not enjoy these type of food due to high amount of sugar and 

carbohydrates incorporated in it. Incorporation of flax seeds, pumpkin and bitter melon shreds 

in processing improves overall nutritonal value of cookies and also gives new options to 

diabetic patients. 

 

HEALTH BENEFITS ON HUMAN BODY 

Bitter melon contains substances with anti-diabetic properties due to charantin , which has 

been confirmed to have a blood glucose lowering effect, vicine and an insulin like compound 

known as polypeptide-P. It also contain lectin that reduces blood glucose concentration like 

insulin. These substances either work individually or together to help reduce blood sugar levels 

and also helpful in kidneystones. 

Pumpkin also known as cucurbita is another good food for diabetic patients. Studies have 

shown that Seeds of pumpkin can reduce blood sugar level, the high magnesium content of 

pumpkin is responsible for its positive effect on diabetes 2.  

Flax seeds are another good food source for diabetic patients. Flax seeds are a good source of 

insoluble fiber. Fiber takes long to breakdown and digest, which in turn down the release of 

sugar in the blood stream thus helps in maintaining blood sugar level, flax seeds are a good 

source of omega-3 fatty acid it helps in lowering cholesterol level and is a good gluten free 

product. 

 

CONCLUSION 

People do not consume food just for survival but also for fulfilling calorific value and nutritional 

value of body, so developing new product in this aspect is very crucial and using seeds for this 

purpose is a new and emerging trend in order to achieve nutrition in a convenient and healthy 

way. It provides more value in fewer amounts. This emerging trend of incorporation of seeds is 

beneficial for health as well as highly accepted among every age group. 
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                                                                       ABSTRACT 

Hydrogels are extensively used in agriculture for improving the mechanization of farming and 
growing crops, to enhance the cultivation of plants under adverse weather conditions, and for 
effecting more favorable conditions for plant development. It can be used in agricultural crops  
in steadily increasing amounts to obtain higher yields of harvests and for improving the quality 
of plants in a shorter time and using less space at lower costs. Polymers are used in such 
agricultural applications as soil conditioners, planting and transplanting gels, seed coatings for 
controlled germination, soil aerators, and in soil sterilization. It can useful for dry land system 
and also enhances by beneficial microflora it may change unavailable micronutrients to make 
available for this treatment. 
 

INTRODUCTION  

Hydrogel is basically a water absorbing polymer, which are classified as cross-linked, absorb 

aqueous solutions through hydrogen bonding with water molecules. Agricultural hydrogels are 

referred to as water retention granules because they swell to many times their original size 

when they come in contact with water. Most of the area of India is located in arid and semiarid 

Regions, more efficient use of water is essential in the field of agriculture. Implementing proper 

management practices in agriculture to maintain soil moisture and increase water holding 

capacity is considered as one of the ways to save water. Super absorbent polymers (SAPs) 

hydrogel can swell to absorb huge volume of water or aqueous solution. This property has lead 

to many practical applications of these new materials in particularly in agriculture for improving 

water retention of soils and the water supply of plants. The relative effectiveness of the 

hydrogels depends upon chemical properties of the hydrogel, such as molecular weight, and 

the hydrogel properties tend to have differing effects on various soil properties.  

What is the need of hydrogel in Indian climatic scenario? 

Agriculture is under abiotic stresses (drought, salinity and temperature) which likely to increase 

due to land degradation, urbanization and climate change. In India, most of the area is located 

in arid and semi-arid regions. Irrigation water is becoming scarce and the world is looking for 

water-efficient agriculture. Increasing food demand and declining water resources are 

challenges for food security (Kreye et al., 2009). So under such areas, proper management 

practices should be done inorder to conserve moisture. Hydrophilic gels called hydrogels are 

cross-linked materials absorbing large quantities of water without dissolving that absorb 

substantial amounts of aqueous solutions. Softness, smartness and the capacity to store water 

make hydrogels unique (Shibayama and Tanaka, 1993). 
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Benefits of hydrogel  

Hydrogel agriculture technology involves gel forming polymers that are insoluble water 

absorbing polymers designed exclusively for agricultural use by the late 1980’s. They were 

developed to improve physical properties of soil to: Increase water holding capacity Increase 

water use efficiency Enhance soil permeability and infiltration rate Reduce irrigation frequency 

Reduce compaction tendency Stop soil erosion, farm run-off & surface leaching Increase plant 

performance, particularly in structure-less soils stressed with drought condition 

Types of hydrogel: 

Three main types of Hydrogels have so far been found appropriate for agricultural use:  

 Starch-graft copolymers  

 Cross-linked Polyacrylates  

 Cross-linked Polyacrylamides and Acrylamide-acrylate copolymers. 

Working of hydrogel:  

When the polymers are put in water, the water enters into the Hydrogel system by osmosis 
(movement of water through in a solvent) and hydrogen atoms react and come out as positive 
ions. This process leaves negative ions along the length of the polymer chain. Then the 
Hydrogel will have several negative charges down its length, these negative charges repel each 
other, and forced the polymer chain to unwind and open up. They also attract water molecules 
and bind them with hydrogen bonding. 
 

Example:  

The Indian Agriculture Research Institute (IARI) has been developed Pusa Hydrogel, a semi-

synthetic super absorbent polymer, It is mixed with the soil on which the seeds are sown. The 

gel then absorbs water and expands to 300 times its original size. It sticks to the roots of the 

plants and when the soil moisture falls as the temperature rises, the gel sheds water to nourish 

the crop. It increases plant yield by 10-25 per cent. Due to use of Pusa, there is a 40 to 70 per 

cent saving of water. It also reduces fertiliser application — as it binds the fertilizer to the root, 

it reduces leaching of fertilizers 

Case study: 

Laxmi Lokkur, a farmer from the Udikeri village in Karnataka’s Belgaum district, has been able to 

triple her yield over the past two years, despite the monsoon playing truant. farmer uses a 

polymer-based bio-degradable gel to ‘irrigate’ her 24-acre farm, where she grows vegetables, 

fruits and cereals. Lokkur, whose village is in a rain shadow area, told BusinessLine that before 

she started using the gel during the summer seasons, she cultivated only three to four acres of 

her farm due to water scarcity.Today, she uses up to 15 acres. 

Jagadeesh Sunkad, Project Leader at Carborundum Universal pointed out that because of the 

unpredictable monsoon and crops across the country suffer due to either excess water in the 

fields or inadequate water. It works as an anti-drought mechanism and reduces the water 
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requirement of plants. Typically, a farmer irrigates his field every four days for high value crops, 

but with the gel, he can irrigate the farm every eight days, said Sunkad. 
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Millets are the major food grains for tribal areas which can be grown in rainfed and hilly areas 
with an average rainfall of 300 mm. Millets are tolerant to moisture stress. Millets can be 
stored for atleast 2-3 years without any loss from pest and disease attack. So millets are the 
only source during severe drought conditions. Due to its high fibre content millets are good for 
health and also improves digestion. So millets are good for constipation. Millets offer 
nutritional security and there is a need for promoting millets as they are highly 
nutritious.Millets are rich in protein, fibre, iron, minerals, B-complex vitamins and calcium.Few 
studies in humans have suggested that absorption of iron tends to be lower from millets than 
from rice or even wheat. (Rao et al.,1983). Consumption of millets reduces risk of heart disease, 
protects from diabetes, improves digestive system, lowers the risk of cancer, detoxifies the 
body, increases immunity in respiratory health, increases energy levels and improves muscular 
and neural systems and are protective against several degenerative diseases such as metabolic 
syndrome and Parkinson’s disease (Manachet al., 2005; Scalbertet al., 2005; Chandrasekara and 
Shahidi, 2012).  

Nutritive composition of millets (100 g): 

Crop CHO 
(g) 

Protein
s (g) 

Fat 
(g) 

Fibe
r (g) 

Energy 
(K.cal) 

Calciu
m (mg) 

Iron 
(mg) 

Thiamin
e (mg) 

Riboflav
in (mg) 

Niacin 
(mg) 

Foxtail 
millet 

60.9 12.3 4.3 8.0 331 31 2.8 0.3 0.09 3.2 

Proso millet 70.4 12.5 1.1 2.2 341 14 0.8 0.42 0.19 4.5 

Little millet 67.5 7.7 4.7 7.6 307 17 9.3 0.33 0.1 3.2 

Kodo millet 65.9 8.3 1.4 9.0 309 27 0.5 0.41 0.28 2.0 

Barnyard 
millet 

65.5 6.2 2.2 10.1 300 20 5.0 0.15 0.09 4.2 

Browntop 
millet 

69.37 11.5 NA 12.5 NA 0.01 0.65 3.2 0.027 18.5 

 
Package and Practices: 
1. Foxtail millet: 
 Seed treatment: Seeds should be treated with carbendazim @ 2.0 g/kg seed 
 Sowing time: Kharif: June-July, Rabi: December-January, Summer: January 
 Varieties: SiA 3088 (Suryanandi), SiA 3156, SiA 3085, SiA 3222 
 Seed rate: 2-4 kg/ac 
 Spacing: 22.5 x 7.5 cm 
 Nutrient management: 4 t FYM/ac, 8:8:0 kg NPK per acre as basal, 8 kg N at 3-4 WAS 
 Intercrops:  

 Foxtail millet-Redgram/Groundnut/Soybean: 5:1 
 Foxtail millet-Groundnut: 2:1 

 Weed management: Intercultivation 2-3 times fb hand weeding or pre emergence 
application of isoproturon @ 400g/ac or butachlor 50% @ 750 ml/ac 
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 Water management: Rainfed 
 Harvesting: 70-75 DAS 
 Yield: 10-12 q/ac 
 
2. Little millet: 
 Seed treatment: Seeds should be treated with carbendazim @ 2.0 g/kg seed 
 Varieties: OLM 20, OLM 36, OLM 203, OLM 208, OLM 217, BL6M, DHLM 36-3, Co 4   
 Sowing time: Kharif: June-July 
 Seed rate: 3.2 kg/ac 
 Spacing: 25 x 10 cm 
 Nutrient management: 2 t FYM/ac, 8:8:8 kg NPK per acre as basal 
 Weed management: Intercultivation 2-3 times fb hand weeding or pre emergence 

application of isoproturon @ 400g/ac  
 Water management: Rainfed 
 Harvesting: 

 OLM 20, Co 4: 75-80 days 
 OLM 36, BL6M, DHLM 36-3: 95-100 days 
 OLM 203, OLM 208, OLM 217: 100-110 days 

 Yield: 4-6 q/ac 
 
3. Proso millet: 
 Seed treatment: Seeds should be treated with carbendazim @ 2.0 g/kg seed 
 Sowing time: Kharif: June-July, Rabi: October-Novemeber 
 Varieties: Co 4, TNAU 143, TNAU 151, TNAU 164, TNAU 202 and PR 18 
 Seed rate: 3.2-4.8 kg/ac 
 Spacing: 25 x 10 cm 
 Nutrient management: 2 t FYM/ac, 8:8:8 kg NPK per acre as basal 
 Weed management: Intercultivation 2-3 times fb hand weeding or pre emergence 

application of isoproturon @ 400g/ac  
 Water management: Rainfed 
 Harvesting: 70-75 DAS 
 Yield: 6-8 q/ac 
 
4. Kodo millet: 
 Seed treatment: Seeds should be treated with carbendazim @ 2.0 g/kg seed 
 Sowing time: Kharif: June-July, Rabi: October-Novemeber 
 Varieties: TNAU 86, JK 13, JK 48, JK 65, JK 98 and DPS 9-1 
 Seed rate: 4-6 kg/ac 
 Spacing: 25 x 10 cm 
 Nutrient management: 2 t FYM/ac, 8:8:8 kg NPK per acre as basal 
 Weed management: Intercultivation 2-3 times fb hand weeding or pre emergence 

application of isoproturon @ 400g/ac  
 Water management: Rainfed 
 Harvesting: 95-100 DAS 
 Yield: 10-12 q/ac 
 
5. Barnyard millet: 
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 Seed treatment: Seeds should be treated with carbendazim @ 2.0 g/kg seed 
 Sowing time: Kharif: June-July, Rabi: October-Novemeber 
 Varieties: Co 2, DHBM 93-3, Madira 
 Seed rate: 4-6 kg/ac 
 Spacing: 25 x 10 cm 
 Nutrient management: 2 t FYM/ac, 8:8:8 kg NPK per acre as basal 
 Weed management: Intercultivation 2-3 times fb hand weeding or pre emergence 

application of isoproturon @ 400g/ac  
 Water management: Rainfed 
 Harvesting: 80-95 DAS 
 Yield: 8-10 q/ac 
 
6. Browntop millet: 
 Seed treatment: Seeds should be treated with carbendazim @ 2.0 g/kg seed 
 Sowing time: Kharif: June-July, Rabi: October-Novemeber 
 Varieties: GPUBT 6 
 Seed rate: 4-5 kg/ac 
 Spacing: 45 x 15 cm 
 Nutrient management: 2 t FYM/ac, 8:8:8 kg NPK per acre as basal 
 Weed management: Intercultivation 2-3 times fb hand weeding or pre emergence 

application of isoproturon @ 400g/ac  
 Water management: Rainfed 
 Harvesting: 60-70 DAS 
 Yield- Grain:7-8 q/ac 
 Fodder: 16-20 q/ac 
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INTRODUCTION 

Plant-ecosystems square measure related to range of prospective enemies like 

microorganism, viruses, fungi, nematodes, mites, insects, mammals, and alternative 

anthophilous animals. By their nature, plants cannot avoid these herbivores and pathogens just 

by moving away; they have to protect themselves in alternative ways that (Ballhorn et al., 

2009). Plants turn out the amount of natural product or secondary metabolites with a 

outstanding perform within the protection against its enemies on the idea of their toxic nature 

and repellence to herbivores and microbes and a few of that additionally concerned in defense 

against abiotic stress and additionally vital for the communication of the plants with alternative 

organisms and square measure insignificant for growth and biological processes. There square 

measure 3 major teams of secondary metabolites viz., terpenes, phenolics, N and S containing 

compounds. Recent in vitro experiments victimization plants whose secondary metabolites 

expression has been altered by trendy molecular strategies got to make sure their defensive 

roles (Rosenthal, 1991). Although the scenario is still unclear, it is believed that almost all of the 

additional then thousands of known secondary metabolites square measure to be concerned in 

plant chemical defense systems, which square measure shaped throughout the millions of years 

throughout that plants have co-existed with their attackers. Although high concentrations of 

secondary metabolites may lead to a more resistant plant, the production of secondary 

metabolites is assumed to be expensive and reduces plant growth and replica. The price of 

defense has also been invoked to elucidate why plants have evolved induced defense, where 

concentrations typically increase solely in stress things. Throughout the previous years, it has 

been discovered that many compounds that plants build have vital ecological and chemical 

defensive roles, opening afresh space of scientific endeavor, usually referred to as ecological 

organic chemistry (Harborne, 1989). 

What is Secondary Metabolite? 

Plants turn out an oversized and numerous arrays of organic compounds that seem to 

possess no direct functions in growth and development. They need no significance roles within 

the physiological method like chemical action, respiration, matter transport, translocation, 

nutrient assimilation and differentiation (Siemens et al., 2002). These compounds square 

measure called secondary metabolites or secondary product or natural product. They have a 

really restricted distribution than primary metabolites within the whole kingdom i.e. they're 

usually found solely in one plant species or a taxonomically connected cluster of species. High 

concentrations of secondary metabolites may lead to a additional resistant plant. Plant 

secondary metabolites may be divided into following teams, 
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1) Terpenes 

Terpenes represent the most important category of secondary metabolites and square 

measure united by their common synthesis origin from acetyl-coA or glycolytic intermediates. a 

massive majority of the various terpenes structures made by plants as secondary metabolites 

that square measure likely to be involved in defense as toxins and feeding deterrents to a 

sizable amount of plant feeding insects and mammals (Fraga, 1988). Below, many examples can 

draw from the 5 major subclasses: 

a) Monoterpenes (C10)- Pyrethroids (monoterpenes esters) occur within the leaves and flowers 

of Chrysanthemum species show sturdy neurolysin to insects like beetles, wasps, moths, bees, 

etc. and a well-like dingredient in business pesticides owing to low persistence within the 

surroundings and low class toxicity.  

b) Sesquiterpenes (C15)- Costunolides square measure anti herbivore agents of family 

composite characterized by a 5 6-membered lactone ring(a cyclic ester) and have sturdy 

feeding repellence to several anthophilous. 

c) Diterpenes (C20)- Abietic acid could be a diterpene found in pines and herb trees. it's gift in 

or in conjunction with organic compounds in resin canals of the trunk. once these canals square 

measure perforated by feeding insects, the outflow of organic compound might physically block 

feeding and function a chemical deterrent to continuing predation. 

d) Triterpenes (C30)- Phytoecdysones (triterpenes) have some defensive role against insects by 

disrupting ecdysis and alternative biological process and physiological processes with fatal 

consequences. 

e) Polyterpenes (C5)n- Rubber found in long vessels referred to as laticifers, give protection as 

a mechanism for wound healing and as a defense against herbivores. 

ii) Phenoplast Compounds 

           Plants turn out an oversized style of secondary products that contain a phenol cluster, 

ahydroxyl useful cluster on AN aromatic ring called Phenol, a with chemicals heterogeneous 

group additionally. They might be a very important half of the plants arms against pests and 

diseases as well as root parasitic nematodes (Saviranta et al., 2010). 

1. Coumarin- They derived from the shikimic acid, common in microorganism, fungi and plants 

however absent in animals. Also, they're a extremely active cluster of molecules with a good 

vary of anti-microbial activity against each fungi and microorganism. it's believed that these 

cyclic compounds behave as natural pesticidal defense compounds for plants. 

2. Furano-coumarins- Psoralin, a basic linear furacoumarin, well-known for its use within the 

treatment of plant life defense and located terribly seldom in SO2 treated plants. 

3. Ligin- it's a extremely branched compound of phenyl-propanoid teams, shaped from 3 totally 

different alcohols viz., coniferyl, coumaryl and sinapyl that change to free radicals (ROS) by a 
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omnipresent plant enzyme-peroxidase, reacts at the same time and willy-nilly to create 

polymer. Its physical toughness deters feeding by anthophilous animals and its chemical 

sturdiness makes it comparatively inedible to herbivores and insects pathogens. 

4. Flavonoids- One in every of the most important categories of plant phenoplast, perform 

terribly totally differentfunctions in plant system as well as pigmentation and defense. 

5. Isoflavonoids- Isoflavonoids square measure derived from a flavonone intermediate, 

naringenin, ubiquitously gift in plants and plays a essential role in plant biological process and 

defense response. 

6. Tanins- Tannins square measure general toxins that considerably cut back the expansion and 

survivorship of the many herbivores and additionally act as feeding repellents to a good 

diversity of animals The defensive properties of tannins square measure typically attributed to 

their ability to bind proteins. Protocatechllic and chlorogenic acids most likely have a special 

perform in illness resistance of bound plants. 

iii) Sulphur and gas containing secondary metabolites 

Sulphur containing secondary metabolites includes GSH, GSL, phytoalexins, thionins, defensins 

and allinin that are coupled directly or indirectly with the defense of plants against microbic 

pathogens, and a number of them thought to be concerned within the SIR (Halkier and 

Gershenzon, 2006),. While, gas containing secondary metabolides includes alkaloids, 

cyanogenicglucosides, and non-protein amino acids. Most of them square measure 

biosynthesized from common amino acids. All square measure of goodish interest owing to 

their role within the anti brute defense and toxicity to humans. 

CONCLUSION  

              Plants have evolved multiple defense mechanisms against insect pests and varied kinds 

of environmental stress. In a very range of previous analysis articles and review papers, show 

that plant made many secondary metabolites that have defensive mechanisms against pests. 

Therefore, extra analysis in space of natural pesticides development is required in current 

situation. Within the future, it'll most likely be attainable factor rate to get to come up with} 

gene cassettes for complete pathways, that might then be used for production of valuable 

defensive secondary metabolites in bioreactors or for metabolic engineering of crop plants. This 

can improve their resistance against herbivores and microbes pathogen further as varied 

environmental stresses. 
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ABSTRACT 

CRISPR/Cas9 has become a powerful method for making changes to the genome of many 

organisms. First discovered in bacteria as part of an adaptive immune system, CRISPR/Cas9 and 

modified versions have found a widespread use to engineer genomes and to activate or to 

repress the expression of genes. As such, CRISPR/Cas9 promises to accelerate cancer research 

by providing an efficient technology to dissect mechanisms of tumorogenesis, identify targets 

for drug development, and possibly arm cells for cell-based therapies. 

INTRODUCTION 

The development of efficient and reliable ways to make precise, targeted changes to the 

genome of living cells is a long-standing goal for biomedical researchers. Recently, a new tool 

based on a bacterial CRISPR-associated protein-9 nuclease (Cas9) from Streptococcus 

pyogenes has generated considerable excitement. CRISPRs (clustered regularly interspaced 

short palindromic repeats) are DNA loci containing short repetitions of base sequences which 

separated by short "spacer DNA" from previous exposures to a virus or phage. The CRISPR 

locus, first observed in E.coli, is present in about 84% of archaea and 45% of bacteria according 

to the most recent update of the CRISPRdb.  

 

Figure 1: Schematic presentation of CRISPR/Cas 9 genome editing tool 

It is an array of short repeated sequences separated by spacers with unique sequences. It can 

be found on both chromosomal and plasmid DNA. The spacers are used as recognition 

elements to find matching virus genomes and destroy them. The CRISPR activity requires the 

presence of a set of CRISPR associated (Cas) genes, usually found adjacent to the CRISPR, that 

code for proteins essential to the immune response. The length and seqence of repeats and of 

spacers are well conserved within a CRISPR locus, but may vary between CRISPRs in the same or 

different genomes. Repeat sequences are in the range of 21bp to 48bp and spacers are 
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between 26bp and 72bp. The number of spacers within a CRISPR locus can vary widely; from a 

few to several hundreds. Another feature associated with CRISPR loci is the presence of a 

conserved sequence, called leader located upstream of the CRISPR with respect to direction of 

transcription.  

Classification of Cas9 

Three different variants of the Cas9 nuclease have been adopted in genome-editing 

protocols. The diversity of Cas proteins, presence of multiple CRISPR loci and frequent 

horizontal transfer of CRISPR-Cas systems make classification a complex task. The most adopted 

classification identifies Type I, II and III CRISPR-Cas systems, with each having several 

subgroups. Different types of CRISPR-Cas systems can co-exist in a single organism. Recently, a 

Type IV system was proposed, which contain several Cascade genes but no CRISPR, cas1 or 

cas2. Type IV complex would be guided by protein-DNA interaction, not by crRNA, and 

constitutes an innate immune system preset to attack certain sequences.  

Type I:  The Type I systems are defined by the presence of the signature protein Cas3, a protein 

with both helicase and DNase domains responsible for degrading the target. Apart from cas1, 

cas2 and cas3, all Type I systems encode a Cascade-like complex. Cascade binds crRNA and 

locates the target, and most variants are also responsible for processing the crRNA. Cascade 

also enhances spacer acquisition in some cases.  

Type II: The Type II CRISPR-Cas systems encode Cas1 and Cas2, the Cas9 signature protein and 

sometimes a fourth protein (Csn2 or Cas4). Cas9 assists in adaptation, participates in crRNA 

processing and cleaves the target DNA assisted by crRNA and an additional RNA called 

tracrRNA. Type II systems have been divided into subtypes II-A and II-B.  

Type III: The Type III CRISPR-Cas systems contain the signature protein Cas10 with unclear 

function. Interestingly, while all Type I and II systems are known to target DNA, Type III systems 

target DNA and/or RNA. The Type II systems have been exclusively found in bacteria while the 

Type I and Type III systems occur both in bacteria and archaea.  

The CRISPR-Cas mediated defense process has been divided into three stages: 

1. Adaptation: The adaptation phase provides the genetic memory that is a prerequisite for the 

subsequent expression and interference phases that neutralize the re-invading nucleic acids. 

There are two types of spacer acquisition; naïve, when the invader has not been previously 

encountered, and primed, when there is a pre-existing record of the invader in the CRISPR. 

Conceptually, the process can be divided into two steps: protospacer selection and generation 

of spacer material followed by integration of the spacer into the CRISPR array and synthesis of a 

new repeat. The key factors in spacer integration are Cas1 and Cas2, both of which are 

nucleases. Cas1 and Cas2 from E. coli form a complex where one Cas2 dimer binds two Cas1 

dimers. Formation of the complex is required for spacer acquisition but Cas2 nuclease activity is 

dispensable. A few additional factors are known to be required for spacer acquisition but their 
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roles are unclear. Host polymerases, ligases and recombination proteins are likely to perform 

generic steps in the adaptation, as such factors can be found in every host cell.  

2. Expression of CRISPR RNA and CAS genes: The transcription of the CRISPR-Cas loci to 

generate a RNAprotein guide complex follows a general theme in most organisms but also 

displays several type-specific differences. A long primary transcript, the precrRNA, is generated 

and may contain a series of secondary structures (hairpins) if the CRISPR contains palindromic 

repeats. The pre-crRNA is processed into smaller units corresponding to a single spacer flanked 

by partial repeats. The Cas protein responsible for the processing, and if that protein is part of a 

complex or not, varies with the subtype. Even when the three CRISPR-Cas types naturally co-

exist they do not process each other's pre-crRNA. 

3. Interference: The principle of target interference by CRISPR-Cas systems is that crRNA bound 

to Cas protein(s) locates the corresponding protospacer to trigger degradation of the target. 

The degradation is performed by specific Cas nucleases. 

Applications as genome-editing and genome targeting tool 

Following its initial demonstration in 2012, the CRISPR/Cas9 system has been widely adopted. 
This has already been successfully used to target important genes in many cell lines and 
organisms, including human (Mali et al., 2013), bacteria (Pyne et al. 2015), C. elegans (Oh et al., 
2014), plants (Mali et al., 2013) and mice (Yang et al., 2014). Several groups have now taken 
advantage of this method to introduce single point mutations (deletions or insertions) in a 
particular target gene, via a single gRNA (Nishimasu et al., 2014; Qi, et al., 2013). Using a pair of 
gRNA-directed Cas9 nucleases instead, it is also possible to induce large deletions or genomic 
rearrangements, such as inversions or translocations. A recent exciting development is the use 
of the dCas9 version of the CRISPR/Cas9 system to target protein domains for transcriptional 
regulation, epigenetic modification, and microscopic visualization of specific genome loci (Chen 
et al., 2013). The CRISPR/Cas9 system requires only the redesign of the crRNA to change target 
specificity. This contrasts with other genome editing tools, including zinc finger and TALENs, 
where redesign of the protein-DNA interface is required. Furthermore, CRISPR/Cas9 enables 
rapid genome-wide interrogation of gene function by generating large gRNA libraries for 
genomic screening. 
 

Future of CRISPR/Cas9 

The rapid progress in developing Cas9 into a set of tools for cell and molecular biology research 
has been remarkable, likely due to the simplicity, high efficiency and versatility of the system. 
Of the designer nuclease systems currently available for precision genome engineering, the 
CRISPR/Cas system is by far the most user friendly. It is now also clear that Cas9’s potential 
reaches beyond DNA cleavage, and its usefulness for genome locus-specific recruitment of 
proteins will likely only be limited by our imagination. 
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INTRODUCTION 
Jasmonic acid (JA) is an essential phytohormone for plant development and stress response. It 
not only acts as the regulatory molecule in root elongation, germination, pollen production, 
fruit ripening and plant senescence, but also acts as the signaling compound activating plant 
defenses against pathogens, herbivory, wounding and abiotic stress. Jasmonates are 
ubiquitously occurring lipid-derived compounds with signal functions in plant responses to 
abiotic and biotic stresses, as well as in plant growth and development. Jasmonic acid (JA) 
occurs in several plants and also in the oil of jasmine. Demole et al., 1962 were first to isolate 
jasmonic acid, ethyle ester from the essential oil of Jasminum grandiflorum. They play an 

essential role in the defense response against 
microbial and herbivorous plant parasites and as such 
have a potential value for pesticide-free crop design. 
They also exert an inhibitory effect on plant growth, 
when applied exogenously. 

Jasmonic acid and its various metabolites are 
members of the oxylipin family. Many of them alter 
gene expression positively or negatively in a 
regulatory network with synergistic and antagonistic 
effects in relation to other plant hormones such as 
salicylate, auxin, ethylene and abscisic acid. Jasmonic 
acid levels have been shown to increase during 
senescence and several enzyme involved in JA 

bioaynthesis exhibited senescence enhanced expression. 
 
Fig.1. Jasminum grandiflorum 
 
CHEMISTRY, OCCURENCE AND DISTRIBUTION 
Jasmonate (3-ox0-2 (2'-cis-pentenyl - cyclopentane-1- acetic acid) belongs to a specific class of 
cyclopentanone compounds with activity similar to ()- jasmonic acid and or its methyl ester 
Jasmonates have been detected in 206 plants species representing 150 facilities including ferns, 
mosses, and fungi suggesting that they are ubiquitously distributed throughout the plant 
kingdom. In plants, stem apex, young leaves, immature fruits and root tips are found to contain 
highest levels of jasmonates. It is able to influence the physiological effects at very low 
concentration and transport throughout the plant. 
 
BIOSYNTHESIS PATHWAY 
Jasmonates are synthesized from linolenic acid by a series of reactions. Interest in lipoxygenase 
has increased recently, as this enzyme is potentially an important regulatory step in jasmonate 
biosynthesis. In contrast to seed lipoxygenases, relatively litle is known about this enzyme in 
vegetaitve tisues or about the ther enzymes involved in Jasmonate biosynthesis. 
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PHYSIOLOGICAL EFFECTS OF JASMONATES 
1. Regulate plant growth and development: Jasmonates widely role in cellular 
regulators involved in diverse developmental processes such as seed germination, root growth, 
gravitropism, trichome formation, embryo development, sex determination (maize), fertility, 
seedling development, tuber formation, leaf movement, fruit ripening and leaf senescence. 
Jasmonates are believed to modulate the action of a host of genes, influencing a number of 
other physiological processes in plants such as, (i) seed and pollen germination, (ii) vegetative 
protein storage and (iii) root development and tendril coiling. In most of these effects 
jasmonates appear to act in close harmony with ethylene. Exogenous jasmonates also inhibit 
seed germination, callus growth, root growth, photosynthesis and biosynthesis of ribulose 
bisphosphate carboxylase. Xue and Zhang (2007) studied that Jasmonic acid regulate the leaf 
and root morphogenesis in soybean. JA-inhibited root growth and the activity of the meristem. 
We tried to estimate the effect of JA on the cell divisions within the root apical meristem by 
measuring the cortical cell production rate. JA decreased elongation rate and cell production, 
which indicated that cell cycle progression in the root meristem was somehow affected.  
 

2. Counteract abiotic stress: Jasmonates regulate a wide range of plant processes, such as 
growth and development, including defense against biotic and abiotic stresses. It has been 
found that MeJA treatment reduce the chilling injury in the fruits of plants like zucchini, mango, 
avocado, sweet pepper, tomato and papaya (Gonzalez-Aguilar et al., 2000). JAs induce the 
production of a diverse array of chemicals such as proteinase inhibitors, antimicrobial 
secondary compounds, antioxidants, pathogenesis-related and cellular protection molecules, 
including proteins involved in detoxification and redox balance. The exogenous application of JA 
to wheat seedlings for three days has been shown to significantly enhance the salt tolerance of 
these plants by increasing the activities of antioxidant enzymes and the concentrations of 
antioxidative compounds. 
 
3. Promote anti pest defense mechanism: Jasmonates have been shown to induce 
different types of protein in various plant species. It is suggested that two types of proteins 
appear to be regulated by jasmonates i.e. storage proteins and proteins which are involved in 
the plant's defense against attack from pathogens, herbivores as well as physical and chemical 
stresses. However, some of the proteins such as napin from rapeseed embryos are unlikely to 
be involved in plant defense. This suggests that jasmonate may also be an important signal 
controlling gene expression during the plant growth. 

Jasmonates are known to activate genes that encode defensive proteins (such as α-
amylase inhibitors, lectins, and proteinase inhibitors) and promote the rapid buildup of 
phytoalexins that provide strong deterrents to feeding insects and other herbivores. The 
precise mechanism of action of jasmonates in plant defense responses is not clearly 
understood. However, extensive studies done by scientists in recent years on legumes, toma-
toes and other plants have thrown some light on it. It is believed that on being wounded by 
insect or other herbivore, the host plant produces a short polypeptide (of 18 amino acids) 
called systemin. The latter is released from the wounded cells to the apoplast and transported 
out of wounded leaf via phloem. In adjacent intact tissues and elsewhere, systemin binds with 
its receptor present on plasma membrane. This receptor is a leucine rich repeat (LRR) protein 
with kinase activity. 
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Field application of JA may enhance the efficacy of parasitoids and predators as 
biological control agents. Exogenous application of JA on rice plants elicits the production of 
proteinase inhibitors, phytoalexins, PRs, and salt-induced proteins and it may increase the 
emission of volatiles. 

JA seed treatment stimulates the natural anti-pest defenses of the plants that germinate 
from the treated seeds, without harming plant growth. Jasmonate induce systemic defence 
responses and the production of herbivore induced plant volatile that attract carnivorous or 
parasitoid antropods, to ear or lay their eggs on or in the herbivore. Other volatile signals are 
perceived by nearby plants or other branches of the same plant, priming them to produce 
defensive compounds in case of an attack. JA application to rice plants on the host-searching 
behavior of the rice brown plant hopper Nilaparvata lugens and its mymarid egg parasitoid 
Anagrus nilaparvatae. Exogenous application of MeJA increases the release of volatile organic 
compounds (Halitschke et al., 2004), which enhances the mortality rates of the herbivores by 
attracting the natural enemies of herbivores. 
 
4. Overcoming boron toxicity: Bxcess amounts of B present in soil also decrease the net 
photosynthetic rate, closing of stomatal, internal CO2 concentration and total chlorophyll 
content in leaves. B toxicity leads to the accumulation of reactive oxygen species (ROS) in 
different plant. The typical symptoms showed by plants when exposed to B stress include leaf 
burn, decreased fruit size and number, delayed development and reduced vigor (Paull et al., 
1992; Noctor et al., 1998). Exogenous application of MeJA has been shown to counter the 
boron toxicity in plants. 
 
5. Influence in fruit culture: A methyl jasmonate treatment shows a positive effect to 
ethylene production at the climacteric stage and was more pronounced at a higher 
concentration (10-3M) of applied methyl jasmonate. Skin colour of ripe fruit was significantly 
improved with exogenous application of methyl jasmonate (10-3M).   

Methyl jasmonate treatments also increased the concentration of fatty acids as well as 
total aroma volatiles, monoterpenes, sesquiterpenes, aromatics, norisoprenoid, alcohols and 
esters in the pulp of fruit. However, exogenous application of methyl jasmonate tended to 
reduce production of n-tetradecane, especially on day 5 and 7 of ripening. In general, 
exogenous application of methyl jasmonate (10-3M) significantly promoted biosynthesis of 
ethylene, fatty acids and ripening and aroma volatile compounds during fruit ripening. Various 
experimental results suggest that methyl jasmonte is involved in early steps in the modulation 
of mango fruit ripening (Lalel et al., 2003). 

Raspberries treated with methyl jasmonate had higher soluble solids content, total 
sugars, fructose, glucose, sucrose and lower titratable acids (TAs), malic acid and citric acid than 
untreated fruit. Methyl jasmonate also significantly enhanced the content of flavonoids and the 
antioxidant capacities in the fruit (Wang et al., 2005). 
 
6. Induction of senescence: ABA and jasmonates have been observed similar by several 
workers in structure, physical properties and activities. Both can inhibit growth, seed 
germination and promote senescence. Potato proteinase inhibitors as well as seed storage and 
oil body present in Brassica are also induced by both ABA and methyl jasmonates. Evidences 
are also there for synergism between ABA and methyl jasmonates. In contrast, several studies 
show distinct differences between ABA and iasmonate. For example only methyl jasmonate 
induced the soybean VSP gene whereas ABA alone inhibited Arabidopsis seed germination. The 
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isolation of Arabidopsis mutants that are deficient in their response to either jasmonate or ABA, 
not both also indicates that to at least some degree.the signaling pathways for both are 
independent. Jasmonates have been shown to inhibit growth of certain plant parts and to 
strongly promote senescence of leaves. In-fact, jasmonates were first recognized for their 
ability to promote senescence of detached barley leaf segments.  
 
7. Induction of sterility: JA also plays an important role in plant fertility, because defects in 
JA synthesis lead to a male sterility, due to the defective pollen development and anther 
dehiscence. Different research indicated that the inhibitory effect of JA on plant growth might 
be related to a negative regulation of cell cycle progression. (Ishiiguro et al., 2001; von Malek et 
al., 2002; Stinzi and Browse, 2000; Sanders et al., 2000).  
 
CONCLUSION:  
Jasmonic acid together with a group of structurally related compounds forms a novel group of 
plant hormones called jasmonates. Jasmonic acid itself is involved in the control of plant-
pathogen interactions and the coordination of plant defense responses against insects, other 
animal herbivores and fungal infections. The commercial value of the understanding of the 
mechanisms involved in the action of jasmonic acid is undisputable, as it leads to a completely 
new dimension of intelligent crop design. 
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INTRODUCTION 
 India, a major food grain producer country of the region, is facing the challenge of 

meeting the future demand of food grains due to diversion of land and water resources to 

other sectors of economy. With the current estimations, India would need 37 per cent more 

rice and wheat production by 2025 with 9 to 10 per cent less water available for irrigation 

compared to year 2000. Most of the area in the country is irrigated by surface application 

methods such as flood irrigation, check basin, border strip and furrow irrigation. The application 

efficiency of these methods has been found to be only 30 to 50 per cent as compared to 

attainable level of 60 to 80 per cent.  

The uneven fields lead to accumulation of water on low-lying spots leading to nutrient 

losses, poor crop stand and low yields. Modern intensive agriculture relies on the timely 

planting for enhanced crop yields and profits. For high crop yields, farmers must ensure good 

seedling emergence, better crop stand and early crop vigor. Smoothness of land surface meets 

the objectives of achieving better crop stand, saving irrigation water and improving the crop 

yield. Traditionally farmers level their fields using animal drawn or tractor-drawn levelers (Fig. 

1). These levelers are implements consisting of a blade acting as a small bucket for shifting the 

soil from higher to the low-lying positions. 

 

      
Fig. 1 Traditional method of land levelling by animal drawn or tractor-drawn levelers  

  
These practices on traditionally leveled or unleveled lands lead to water logging conditions in 
low-lying areas and soil water deficit at higher spots. Significant amount of irrigation water is 
lost during application at the farm due to poor management and uneven fields. Conservation 
agriculture practices coupled with precision land leveling facilitate uniform water application 
and reduce deep percolation losses of water. Precision land leveling helps even distribution of 
soluble salts in salt-affected soils, increases cultivable land area up to 3-5 per cent, improves 
crop establishment, reduces weed intensity and results in saving of irrigation water. 
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Laser Land Leveling 
 The introduction of laser leveling in the 1970’s produced a silent revolution that has 
raised potential of surface irrigation efficiency to the levels of sprinkler and drip irrigation. Laser 
leveling is a laser guided precision leveling technique used for achieving fine leveling with the 
desired grade on the agricultural field. Laser leveling uses a laser transmitter unit that 
constantly emits 3600 rotating beam parallel to the required field plane. This beam is received 
by a laser receiver fitted on a mast on the scraper unit. The signal received is converted in to 
cut and fill level adjustments and the corresponding changes in scraper level carried out 
automatically by a two way hydraulic control valve. Laser leveling maintains the grade by 
automatically performing the cutting and filling operations. 
 
Benefits of Laser Land Leveling 
Effective land leveling reduces the work in crop establishment and crop management, and 
increases the yield and quality. Level land improves water coverage that 

 Increase cultivable area by 3 to 5 per cent approximately 
 Increase crop yields (wheat 15 per cent, sugarcane 42 per cent, rice 61 per cent and 

cotton 66 per cent) 
 Reduces weed problems and improve weed control efficiency 
 Reduces the amount of water required for land preparation  
 Improves uniformity of crop maturity 
 Improves crop establishment 

 
Components of Laser Leveler 

The complete laser land leveler equipment includes drag bucket, laser emitter, laser 
receiver, control box, hydraulic valve on tractor and scraper unit. 
1. Drag Bucket 
 The drag bucket can be either 3-point linkage mounted on or pulled by a tractor (Fig. 2). 
This system is preferred as it is easier to connect the tractor’s hydraulic system to an external 
hydraulic ram than to connect the internal control system used by the 3-point-linkage system. 
Bucket dimensions and capacity may vary according to the available power source and field 
conditions. 

 
Fig. 2 Drag Bucket 

 
2. Laser Emitter 
 The laser emitter unit (Fig. 3) emits continuous laser beam signal with 360° laser 
reference up to a command radius of 300-400 m for auto guidance of the receiving unit. The 
laser emitter is mounted on a tripod stand placed just outside the field to be laser leveled and 
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high enough to have unobstructed laser beam travel. Different working components and 
controls on the laser emitter unit include laser emission indicator, low battery assembly and 
manual mode indicator for setting of desired grade. 

 
Fig. 3 Laser Emitter 

 
3. Laser Receiver 
 The laser receiver (Fig. 4) mounted on the drag bucket, is an omni-directional (360°) 
receiver that detects the position of the laser reference plane and transmits it to the control 
box. Further, this control box directs the double actuating hydraulic valve for desired upward 
and downward movement of scraper blade to obtain the leveled field. The grade position LED’s 
indicate the position of the machine’s blade relative to the plane of the laser light from the 
laser emitter. 

 
Fig. 4 Laser Receiver 

 
4. Control box 
 The control box is to be mounted on the tractor so that the operator can easily access 
the switches and view the indicator lamps. The control box has the main control unit for 
actuating the double acting hydraulic valves. The control box receives and processes signals 
from the laser receiver mounted on the bucket. It displays these signals to indicate the drag 
bucket’s position relative to the finished grade. 
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Fig. 5 Control box 

5. Hydraulic valve 
 The valve assembly regulates the flow of tractor hydraulic oil to the hydraulic cylinder to 
raise and lower the scraper blade. The oil supplied by the tractor’s hydraulic pump is normally 
delivered at 2000-3000 psi pressure. As the hydraulic pump is a positive displacement pump 
and always pumping more oil than required, a pressure relief valve has also been provided in 
the system to return the excess oil to the tractor reservoir. The solenoid control valve controls 
the flow of oil to the hydraulic ram which raises and lowers the bucket. 
 

 
Fig. 6 Hydraulic valve 

 
A four-wheel tractor is required to drag the leveling bucket. The size of the tractor can 

vary from 30-500 hp depending on the time restraints and field sizes. In Asia tractors ranging in 
size from 30-100 hp have been successfully used with laser-controlled systems. It is preferable 
to have a 4-wheel drive tractor than 2-wheel drive and the higher the horsepower the faster 
will be the operation. Power shift transmissions in the tractor are preferred to manual shift 
transmissions. 
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Fig. 7 Working of Laser Land Leveler 

 
CONCLUSIONS 
 Land leveling is a precursor to good agronomic, soil and crop management practices. 
Resource conserving technologies perform better on well-leveled and laid out fields. However, 
traditional methods of leveling land are not only more cumbersome and time consuming but 
more expensive as well. Laser leveling is a laser guided precision leveling technique used for 
achieving fine leveling with the desired grade on the agricultural field. Land leveling makes 
possible the use of larger fields. Larger fields increase the farming area and improve operational 
efficiency. Increasing field sizes from 0.1 hectare to 0.5 hectare increases the farming area by 
between 5 per cent and 7 per cent. This increase in farming area gives to farmer option to 
reshape the farming area that can reduce operating time by 10 per cent to 15 per cent. The 
grain yield of rice on leveled fields was nearly 11 per cent higher than that on traditional leveled 
fields. 
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INTRODUCTION 
In the last few decade, there has been an exponential growth in the use of medicinally 
important plant products as herbal drugs both in the developed and developing nations. 
Natural origin of such drugs and almost negligible side effect are the chief factors for this 
increased popularity. Extensive researches and clinical trials on medicinally important plants 
and their products, are adding several new herbal medicine to the list.  The World Health 
Organization (WHO) has listed 21,000 plants, which are been used for medicinal purposes 
around the world. Among these, 2500 species are found in India, out of which 150 species are 
used commercially on a large scale.   

Phlogacanthus thyrsiflorus commonly known as Titaaphul (Bihar), Rambasak (W. Bengal) 
or Nongmangkha (Assam) (Figure 1), is a gregarious shrub of high medicinal importance, 
belonging to family Acanthaceae. P. thyrsiflorus plant is native to North East India, China and 
Bangladesh. It is found up to an altitude of 4000 feet in Sub tropical Himalayas. It is used for 
cure of several diseases by the traditional healers of North-eastern part of India. It is a relative 
of Basak (Adhatoda vasika), highly recommended for the cure of cough and cold throughout 
the country.  

 
 

Figure 1: Phlogacanthus thyrsiflorus plant 
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Ethnobotanical Uses  
In India, there are several reports on the traditional practitioner using P. thyrsiflorus plant parts 
for the treatment of various ailments. Ethnobotanical studies carried out in Jaintia tribal 
community in Meghalaya revealed that fruit and leaf ash of P. thyrsiflorus (Jaintia name- Jia 
merembut), mixed in equal quantity when taken orally with water, treats fever. Apart from its 
curative use, the tribe cook the flowers and leaves of this plant with meat and fish (Jaiswal, 
2010). In Manipur, a preparation called ‘suktani’ is part of big feasts and parties. This is 
prepared by frying the chopped green leaves in oil and adding some water and sugar to it when 
half cooked. ‘Suktani’ is believed to possess digestive properties. At Lakhimpur district of 
Assam, the rural people are exclusively dependent upon natural resources for their food, 
shelter, medicines, etc. The traditional practitioner men and women popularly known as bej 
and bejini are believed to have sound knowledge regarding sources and of various traditional 
medicine. For the treatment of allergy, these people prescribe oral administration of the curry 
prepared from aerial portion with rice once daily until cure (Kalita and Bora, 2008). In Meitei 
community of Manipur there is a superstitious belief, which is in practice by local people till 
today, is not to pluck any part of the plant on Sunday. This seems to be a strategy to conserve 
the plant. Traditional healers of meitei community use different plant parts for the treatment of 
different ailment. P. thyrsiflorus leaf decoction, dried leaf powder or fried leaves either alone or 
mixed with ginger, honey or Clerodendrum colebrookianum (East Indian Glory Bower)  are used 
for the treatment of cold, cough, influenza, abortion, diarrhea, dysentery, cholera, malaria, high 
blood pressure, small pox, skin problems, sprains, body ache, constipation and burns 
(Ningombam and Singh, 2014). Chakma tribe is a dominant community of Bangladesh. P. 
thyrsiflorus (Chakma name- Vargi-nola) leaves are used for the treatment of gout and 
rheumatism.  
 
Phytochemical Analysis 
This potentially important but less exploited plant of medicinal important have been studied at 
laboratory level to explore various effect of the plant extract. Ethanol extract of the leaves 
display central and peripheral analgesic activities in mice. The antinociceptive and 
hypoglycemic potentials of the stem bark and leaves of P. thyrsiflorus have also been evaluated 
in mice Macerated flowers of P. thyrsiflorus have shown anhihyperglycemic effect on 
streptozotocin induced diabetic mice (Chakravarti and Kalita, 2012).  Apart from medicinal 
values, P. thyrsiflorus shows antibacterial and antifungal activities. The in vitro antimicrobial 
activity of P. thyrsiflorus using aqueous, methanolic and ethyl acetate extract has been studied 
against selected bacteria and fungi. Acute oral toxicity of plant extract in mice of both sexes 
reveal no mortality upto 1000mg/ kg body weight of the mouse. The plant extract has also 
shown high concentration of antioxidants and activities in the in- vitro studies (Singh et. al., 
2018). 
The curative properties of a plant depends on the phytochemicals present in the plant. A few 
medicinally important secondary metabolites of pharmaceutical importance have been isolated 
from leaves and other parts of P. thyrsiflorus. These secondary metabolites include 
phlogantholide-A (diterpene lactone) and phloganthoside- A (diterpene lactone glucoside), 
lupeol, β Sitosterol, n-Hexadecanoic acid, Squalene and Neo-menthol (Barua et. al., 1987, Singh 
et. al., 2018). 
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CONCLUSION 
Though a large number of different communities use the plant extract, one should not directly 
consume the preparation without the recommendation of medicinal practitioner. The above 
study also suggest that the plant P. thyrsiflorus should be cultivated extensively and the 
medicinally important metabolites to be used for the cure of various ailment should be isolated. 
The use of this plant in drug development is at its infancy and should be promoted widely. At 
the same time the conservation of this medicinally important plant should be done properly. 
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INTRODUCTION 
 Climate change is having a major impact on food security. More than 815 million people 
are chronically hungry and 64 percent of the chronically hungry are in Asia. The world needs to 
increase food production by almost 50 percent by 2050 to feed a population of nine billion, yet 
resources such as land and water are becoming more and scarcer. Farming communities and 
others involved in agriculture have to adapt agriculture to climate change and other challenges. 
In this context, Information and Communication Technology (ICT) driven tools and technologies 
to enhance decision making through accurate, reliable and timely information have an 
important role to play. Agriculture has to look towards emerging technologies for solutions to 
overcome some of the challenges facing it. Food and Agriculture Organization of the United 
Nations (FAO) and International Telecommunication Union (ITU), together with partners, have 
been working together in addressing same of the challenges faced in agriculture through the 
use of sustainable ICTs. 
 Drones, otherwise called the unmanned aerial vehicles (UAV) are of late being used for 
agricultural purposes and this is considered to be the latest development in agriculture. These 
have a huge potential in agriculture in supporting evidence-based planning and in spatial data 
collection. Despite some inherent limitations, these tools and technologies can provide valuable 
data that can then be used to influence policies and decisions. The usefulness of drones to 
facilitate quick data collection with greater accuracy together with providing a safer monitoring 
system in emergencies was a key element in testing this in the field during challenging 
humanitarian crises. The use of these unmanned vehicles is extending very fast into the crop 
production sector. The major areas where it is being utilized are: 

 Crop production 
 Disaster risk reduction 
 Forestry 
 Fisheries 
 Wild life conservation 

 
Potential of Drones in Agriculture 

There are a number of applications of drone technology convergence with advanced 
image data analytics that can be utilized in the agriculture. Based on particular project 
requirements drones can be equipped with a wide range of image data sensors. The most 
established application based on drone-acquired image data is to assess the health of crop 
vegetation. Drone technology as a platform for image data acquisition has brought the 
Normalized Difference Vegetation Index (NDVI) mapping capabilities to a completely new level 
of accuracy making it possible to monitor the condition of not only plants, but also specific 
parts of plants (Fig. 1). This level of information enables the early identification of early 
identification of pests, diseases and pests. 
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Fig. 1 Analysis of the NDVI index output 

 
The unmanned aerial system has the airborne portion, which is controlled by a pilot 

remotely situated elsewhere via a ground control station through wireless connections. The 
system can be programmed manually or it can also be operated automatically through 
programmed services. The size and shape of the drones depend on the type of service they 
offer. The pay load is a measure to classify the devices into different categories. Some common 
historical classifications are 2 kg, 25 kg and 150 kg. The configuration of the drone can be either 
fixed wing aircraft (vertical take-off) or landing rotary wing platforms (helicopters and 
multicopters). 
 The basic use of a UAS is to help farmers to get a birds-eye-view of their crops so that 
they can detect suitable changes that cannot be readily identified by scouting crops at the 
ground level. These devices can collect multispectral images through the sensors attached to 
them. The images are stitches to generate spectral reflectance band, which can be utilized to 
calculate indexes such as normalized Difference Vegetation Index (NDVI), Leaf Area Index (LAI) 
and the Photochemical Reflectance Index (PRI).  
 The NDVI speaks of different biomass levels in the soil, water stress, nutrient 
deficiencies, pest infestation, crop diseases, etc. The information provided by the NDVI is built 
upon through field visits and dedicated algorithms. These algorithms help as a guide for 
providing fertilizer inputs to the crops. The remotely sensed data helps to speed up the process 
of conducting crop inventories and yield estimates. The UAS technology can also be used to 
document the illegal land and resource use. 
 
Improving Agricultural Productivity 

To bridge the gap between the current production and the demand for the future, the 
drone technology and advanced image data analytics can be very helpful. The image data from 
the drone is used to assess the health of the crops. The NDVI analysis helps in understanding 
the intensity of solar radiation on the crops such that they can be monitored properly This 
technology helps to monitor specific plant parts for early identification of pests and diseases To 
detect the occurrence of natural disaster or destruction of crops advanced geospatial NDVI 
products are utilized. Mapping and imaging are the two most important processes that work 
throughout the crop production cycle with the help of sensors. 
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Size of Drones 
The drones available in the market have different models and are normally categorized into two 
types based on their size. 

 Small drones like the size of an insect. 
 Large drones for carrying heavy loads. 

Drones are also categorized on the basis of their aerial platform such as:  
 Multi-rotor configuration having multiple motors. 
 Single rotor like a helicopter. 
 Fixed wing configuration like an airplane. 

 
Application of Drones in Agriculture 

The present day drones used in agriculture are medium sized, but while carrying out 
work with heavy loads like spraying and planting larger drones are used. Multi-rotor drones are 
the most used drones in agriculture sector because of their low cost and simple structure. 
Improvement of existing agricultural practices or processes depends largely on the versatility of 
drones. The most important applications of drones are discussed below. 
1. For soil and field analysis  

3D maps are created by the drones and are later used for the design of planting seeds 
and also for the generation of data types with many applications like nitrogen-level 
management. 
2. For crop monitoring 

This is done by the process of satellite imaginary, but has some major drawbacks like 
too costly, imprecise images and poor weather has a bad impact on the data quality. 
3. For water control and drainage 

Drones monitor the crops frequently and provide regular update for the development 
and improvement of crop yield. 
4. For health assessment 

Drones generate multi-spectral images of crops that help in the analysis of health and 
maturity of the crops. An early detection of a bacterial or fungal infection helps in quick 
remedial action. 
5. For irrigation 

Drones detect hydro stress in the farm lands, i.e. if there is any inadequate supply of 
water then the infrared and thermal sensors provide the data of areas that get too little supply 
of water and help in quick action. 
6. For crop spraying 

Drones have the ability to adjust to altitudes and flight paths according to the 
topography and the geography of the region. This helps the drones to scan the ground and 
apply liquids with great precision (Fig. 2). The spraying action by the drones is estimated to be 
five times faster than the normal spraying method. 
7. For aerial planting 
 Planting done by the drones is a technology still under development and is considered 
to be an effective way of reducing labour costs during farming. 
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Fig. 2:  Spraying of pesticides using drone technology 

 
Challenges involved in drone farming 
 Though the technology of drones has a great potential to transform the agriculture 
industry, there are still several obstacles for their progression beyond the small place they 
occupy in the market. These problems are as follows: 
a. Financial situation of the farmer 

The agriculture industry is a low margin business for many farmers with the need for 
financial assistance from the government during adverse weather conditions. Drones need 
large investment and technical expertise to be acquired and utilized. 

b. Quality of data captured in drone farming 
The quality of data produced by the drones has to be of good quality so as to provide 

precise and accurate information. The speed of data collection and the flexibility of the drone 
usage are secondary parameters which are considered important only next to quality. The 
integration of new sensors, cameras and processing technologies can help improve the quality 
of data captured by the drones. 
c. Modernizing ability of the farmers 

Farmers have to adapt themselves to modernize production practices so that they can 
earn good returns for their investments. Farmers can access the technology only if they 
understand how to use it with the help of digital skills and confidence. This is overcome by the 
manufacture of drones that have autonomous features such that farmers need not have the 
skills or experience to operate them efficiently. 
 
Advantages of using drones in agriculture 

 Higher yields 
 Time management 
 Better returns on investment 
 Easy to handle 
 Integrated mapping 
 Imaging the crop health 
 Check water efficiency and other environmental factors 

 
 
 
Disadvantages of the use of drones 
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 High cost of purchase 
 Airspace interference 
 Weather dependency 
 Ability and skill to use the tool 
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“Grow fresh vegetable in your garden and cook in your kitchen and serve fresh in your plate” 

Now a day’s time has rapidly changed people have no time for themselves and their family. But 

it is a well known truth that health is wealth. Without good health people cannot live a healthy 

life. So we can say that a proper and complete diet full the nutrition requirement of a family. 

But in Rural areas it is not easy to complete their nutrient due to various reason like as – 

poverty, unawareness about importance of nutrient, unavailability of nutritional seasonal fruits, 

vegetable etc, heavy price of food items that can full fill our nutritional requirement, 

unawareness about proper method of cooking that prevent our nutrition, timing of eating etc. 

Importance of nutrition in our life: for a good and happy life the main important thing is our 

health as we all ready discuss. Without taking of proper nutrition in our daily diet people are 

not healthy. For various type of health like as physical and mental it is necessary to intake of 

proper nutrition that is helpful to maintain our health.    

Mental health: In a children life nutrition is very important for growth and development of 

brain. So it is important to take care food for children that are full fill a children requirement. 

Our mind is working continuously so its need proper nutrition for working. There are various 

food that will helpful to make our brain healthy like as different  type of green leafy vegetables, 

eggs, curd, fruits, milk , meat, fish,  pulse etc. that is provided nutrition to our brain. These food 

items make our brain healthy. 

Physical health: It is a well known truth that a good and healthy food make our health maintain 

and free from various diseases. A healthy body only perform various type of physical activity. If 

people do not take proper diet then their health is rapidly slow down it is a proven truth. If 

people are not physically and mentally fit then the major reason behind this is lack of nutrition 

in their diet. So it is said the nutrition is play a very important role in human being life. 

So how can a rural family fulfil their nutritional requirement at a very low cast and household 

level the answer is that –Kitchen garden? 

How kitchen garden fulfils the nutrition requirement of people:- 

What is Kitchen Garden: - Kitchen garden is a area from outside of the house (in front of the 

house or backyard of the house) in which a family can grow their own fresh vegetable, flowers, 

some fruits etc. The area also utilized and it provides fresh vegetable at very low cost to family. 

Types of kitchen garden: There are various type of kitchen garden 
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1- Vegetable based kitchen garden:- Vegetables are primary need of a family food without 

vegetable complete diet can not complete. In every day at least one time meal is includes 

vegetable minimum. Majority of the family included both time vegetables in their diet like 

as lunch dinner. Children specially gets vegetable in their lunch box. So according to 

availability of land first of all when we plan for a kitchen garden firstly we give priority to 

vegetable. So it is called vegetable based kitchen garden. 

2- Flower based kitchen garden:- In some houses there is lack of availability of land but some 

people like flowers so they can plan a flower based kitchen garden in their house. Flowers 

are planting in low space in hanging pot to make their house beautiful. And their dream a 

flowering house is also fulfil with the help of flower based kitchen garden. 

3- Fruit based kitchen garden: In a house a when we plan about a kitchen garden then we can 

not only plan vegetable based. With vegetable there are we plan planting of fruits also. But 

keep in mind plan those types of plants that does not harm of vegetables. Like –lemon, 

papaya, aonla, small mango tree, guava, pomegranate, drumstick etc. 

4- Crop based kitchen garden: - In some houses there are availability of more land than a 

family make a plan with vegetable, flowers, fruits, and also crop. In some areas line sowing 

of chick pea, field pea, maize etc. 

Area of kitchen garden – There are no fix area of kitchen garden according to availability of 

land family can plan their kitchen garden like as- 100 to 120  sq.mt.,150,200. or more than this. 

Important tool and implements in kitchen garden- Gloves, shoes, khurpa/ khurpi, scissor, 

water pipe, sickle, basket, geti, kudal, etc. 

Plan for a good kitchen garden:- 

There are various tips for plan a kitchen garden 

1- Selection of area:- First of all select the area where kitchen garden is established. Sun rays 

also come in those areas so our vegetable, fruits, plants grow. The area of a kitchen garden 

is 120-150 sq.mt. 

2- Availability of water:- Any vegetable, fruits, flowers can not grow without water. First of all 

make sure water availability for kitchen garden. 

3- Selection of vegetable:- Selection of vegetable according to season and soil. 

4- Implements for kitchen garden:- Every important implements are available at home for 

work in kitchen garden. 

5- Compost: - Compost is also a very necessary part of a kitchen garden before planting of 

vegetable make it well in soil to improve soil fertility. 

6- Seed selection:- A good quality of seed should be selected that is treated. If seed is healthy 

then crop is also good quality. So seed selection is done very carefully. 

7- Prepare land:- For sowing of vegetable, fruits, flowers, and other crops prepare the land. 

8- Choice of crops:- Choose crops that grow very fast that house wife and other family 

member take interest in kitchen garden and care for kitchen and its maintenance . 
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9- HYV: High Yielding Variety crops:- Choose those variety which give more return or more 

produce as compare to local variety. 

10-  Maintainance cost of kitchen garden:- Its depend on the availability of area for  a kitchen 

garden if area is large then the cost is as compare to small area. Around Rs.300 to Rs.1000 

per month minimum. 

Importance of kitchen garden 

Kitchen garden plays a very important role in human life. It helps to maintain our nutrition in 

diet, save money, workout, utilize time, give pleasure, maintain beauty at home, use of wastes 

material from household, use of waste water from home etc. 

1- Use of waste land in house:- The main important benefit of kitchen garden is to use of 

waste land that is available in the house. This type of land is no use so why a familycan not 

plan kitchen garden at their home and use of this land for growing of organic vegetable, 

fruits, crops etc. according to availability of land. 

2- Utilization of waste water from house:- Water is a more valuable natural resources. And it 

is very important to every person to make sure their role and responsibility to save water 

and use it in a right way. But it’s more important to use waste water and make it productive 

like as if a family can plan kitchen garden in their home land then the waste water from 

bathing, cooking, washing cloth etc. This water is used in kitchen garden. So full utilization 

of this water and also save water for irrigation because waste water from home fulfils the 

requirement of water in kitchen garden. 

3- Availability of fresh vegetable:- With the help of establishment of kitchen garden a family 

can get fresh vegetable according to their need at any time. 

4- Use of waste material from home (compost):- When a family establish a kitchen garden at 

their home then she/he can use the waste material in their kitchen garden. Instead of 

throwing the waste material from outside the home. Use in the kitchen garden. 

5- Time utilization of elderly/ house wife:- At house hold level when women are old people 

are free from their routine work then how they spend their time in qualitative manner. 

Kitchen garden is the concept that female and old people can use their time in kitchen 

garden activity and get it from fresh vegetable from their kitchen garden that’s make them 

happy. 

6- Beautification:- Kitchen garden established in a house make their home beautiful. Every 

people love nature and greenery feels make them happy. So kitchen garden makes a house 

very beautiful. And every family members smile when they saw their crop. 

7- Maintain health:-  Today the time has changed people live a fast life their fooding pattern 

has changed that affect their health and it is well known truth that health is wealth. Without 

health people cannot survive a long time. Many doctors suggest to do work out to maintain 

their fitness and kitchen garden is good concept to work out in a happy environment and 

that gives them pleasure and maintains their health also. People can maintain their health 

with the help of work out in kitchen garden. 
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8- Availability of fresh nutrients: Many times when we brought vegetable from market then 

we have no idea that how old these vegetables. But when kitchen garden is available at 

home then when we need to cook then we pick the fresh vegetables from our kitchen 

garden. The availability of fresh vegetable provides good and more nutrients as compare to 

few days back vegetables. 

9- Fulfil family requirement:- A kitchen garden easily fulfil the daily requirement of your 

family easily. Neighbours also use vegetable when production in enough. 

10- Economically benefitted:- A kitchen garden is nutritionally and economically benefitted for 

a family. When we grow vegetable at house hold level then the expenditure on vegetable is 

save. And if a family take interest and grow more vegetables then start their own business 

from selling of the vegetable and earn income from kitchen garden. 

                                                       Kitchen garden at KVK Lalitpur 

 

                                       Kitchen garden at farmer’s field 
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An invasive insect pest Red Banded Mango Caterpillar (RBMC) is heavily devastating the 
mango orchards in many villages namely, Bahadurpur, Salemgarh, Sargatia and adjoining 
villages in Seorahi block of Kushinagar district in Eastern U.P. The incidence of this pest was 
observed from Bahadurpur village in March, 2019 by Dr. Pratap Divekar, Scientist (Entomology), 
Ajay Rai, SMS (Plant protection) and their team led by Dr. Vikas Singh, Incharge RRS and KVK, 
Sargatia.  

However, a joint survey of RBMC was carried out on 13th May 2019 by Dr. Pratap  
Divekar, in collaboration with the team of Central Integrated Pest Management Centre (CIPMC), 
Gorakhpur led by Dr. Brajesh Mishra. Severe infestation of the pest was observed from 25 to 
30% in Bahadurpur village whereas relatively less infestation 3-10% was recorded in the 
adjoining villages (Table 1). Local mango varieties namely Beeju, Bhadya and Kapuri were grown 
by the farmers.  

 

                                         

Fig. 1, 2 & 3. A Joint Survey of RBMC in Seorahi Block, Kushinagar District, UP. 

The insect pest identification was made on the basis of morphological Characters. 
However, the insect specimens were sent to NPC, Division of Entomology, IARI, New Delhi for 
further identification and confirmation. 

Table 1.Percent Infestation of RBMC in different villages of Seorahi block, Kushinagar 

Sr. No. Name of Village % Infestation Area (ha) 

1 Bahadurpur 25-30% 20 

2 Salemgarh 3-8% 2 

3 Sargatia 4-10% 10 

4 Mukundnagar 5-10% 2 

5 Madhopur 3-7% 3 

1

 

 

 

2 

 

 

 

3 
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Distribution of the RBMC: 

The pest has been reported as a serious threat to Mango in Australia Indonesia, Papua New 

Guinea, Burma, Thailand, China, Brunei and Philippines. RBMC was reported from Andhra 

Pradesh, Orissa and West Bengal in India.  

Biology of the RBMC: 

The detailed biology of RBMC has explained in Figure 4. 

 

                                                                           

(Source: Sujatha and Zaherudeen, 2002) 

Fig 4: Life cycle of Red Banded Mango Caterpillar 

https://en.wikipedia.org/wiki/Indonesia
https://en.wikipedia.org/wiki/Papua_New_Guinea
https://en.wikipedia.org/wiki/Papua_New_Guinea
https://en.wikipedia.org/wiki/Burma
https://en.wikipedia.org/wiki/Thailand
https://en.wikipedia.org/wiki/China
https://en.wikipedia.org/wiki/Brunei
https://en.wikipedia.org/wiki/Philippines
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Nature of Damage: 

It attacks mango fruit in all stages of fruit development, by feeding on both the flesh and 

the seed causing fruit spoiling and premature fruit drop. Young caterpillar damage the 

developing fruit by burrowing into the side or bottom of the fruit. Older caterpillars destroy the 

fruit by tunnelling through to the seed and feeding on the kernel. RBMC is responsible for 

economic heavy losses in Tropical and subtropical region. Visually this pest presence can be 

identified by the presence of a liquid exudate from the mouth of a tunnel chewed by the 

caterpillar through the skin. This liquid trickles down to the tip of the fruit and accumulates. 

Although almost clear when fresh, the liquid darkens and shows up as a dark streak on the skin 

leading to a dark spot at the fruit tip. Initial symptoms of infestations include small darkened 

boreholes on the fruit caused by entering young larvae which are filled with frass which lead to 

rotting and also serve as an entry point for pathogens leading to secondary infections. The pest 

is responsible for both the quantitative as well as qualitative damage (Figure 5, 6 & 7). 

              

Fig. 5, 6 & 7. Typical Damage symptoms of RBMC                                                                        

Management Practices: 

The following management practices were suggested to farmers:  

1. Ploughing of Mango orchards after harvesting and soil application of neem cake. 
2. Light ploughing and soil application of Furadan in October-November. 
3. Collection and destruction of fallen and affected fruits. 
4. Removal and destruction of dried wood and dead branches in the off-season  
5. Spraying of Bt@1 g/liter at marble stage 2.Spraying of Azadirachtin 1500 ppm@5 

ml/liter  
6. Need-based application of recommended insecticides 

CONCLUSION: 

Survey and awareness campaigns regarding the identification and management of RBMC in this 

region needs to be carried out by the different stakeholders.  

REFERENCES: 

[1]. Sujatha, A. and Zaheeruddin, S.M., 2002. Biology of pyralid fruit borer, Deanolis 

albizonalis : a new pest of mango. J Appl Zool Res 13:1–5. 
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ABSTRACT 
Quorum sensing and Quorum quenching are used bacterial and few fungal insects 
communicate or interact with certain chemicals. Bacteria use quorum sensing to regulate 
certain phenotype expressions, which in turn, coordinate their behaviours. Quorum quenching 
is the process of preventing quorum sensing by disrupting signalling. This is achieved by 
inactivating signalling enzymes, by introducing molecules that mimic signalling molecules and 
block their receptors, by degrading signalling molecules themselves, or by a modification of the 
quorum sensing signals due to an enzyme activity.  
 

Quorum Sensing 
Bacteria use the language of small diffusible signaling molecules called auto inducers to 
communicate and assess their population densities in a process called quorum sensing. Quorum 
sensing was first reported in 1970, by Kenneth Nealson, Terry Platt, and J. Woodland Hastings 
who observed what they described as a conditioning of the medium in which they had grown 
the photoluminescent marine bacterium Aliivibrio fischeri.The sensing mechanism is based the 
synthesis, release and uptake of auto inducers in the surrounding medium, whose 
concentration correlates to the density of secreting bacteria in the vicinity. The basic 
mechanism of QS involves the interaction of auto inducer with a transcriptional regulator, 
either directly or through activation of a sensor kinase. Both the Gram-positive and Gram-
negative bacteria use species-specific autoinducers for activation of quorum sensing system. A 
variety of quorum sensing signaling molecules functions as local sensors to communicate 
population densities in bacteria. These signaling molecules and their receptors have been 
broadly divided into three major classes: N-acyl homoserine lactones (AHLs), which vary in the 
length and oxidation state of the acyl side chain and produced by Gram-negative bacteria; 
oligopeptides or autoinducing peptides(AIP), consisting of 5-34 amino acids residues, are 
generally used by Gram-positive bacteria; autoinducer-2 (AI-2), a ribose derivative [4,5-
dihydroxy-2,3 pentanedione] employed by both Gram-positive and Gram-negative bacteria for 
interspecies communication. 

 
Quorum quenching (QQ) 
Interfering with the microbial QS system by quorum quenching (QQ) has been suggested as a 
potential strategy for disease controls because QQ aims to shut down the virulence expression 
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in pathogenic bacteria rather than restrict cell growth and has shown potential to overcome 
drug toxicities, complicated super-infection and antibiotic resistance. QQ enzymes have been 
identified in a number of bacteria that have shown considerable promise as quorum quenchers 
since AHL-lactonase AiiA was first identified from Bacillus species to attenuate virulence in 
Erwinia carotovora. 
 

Quorum quenching (QQ) involved mechanisms to Quorum Sensing 
 QQ can be developed as a technique for disrupting the ability of a pathogen to sense its cell 

density and disable or diminish the capability of triggering the virulent expression. 
 Different from conventional antibiotic therapy, which kills bacteria by interfering with DNA, 

RNA or protein synthesis, leading to the emergence of antibiotic-resistant superbugs, QQ is 
a promising approach that may lead to the development of very effective next generation 
antibacterial drugs based on interfering with bacterial communication to block QS-mediated 
pathogenic infection. 

 Quorum quenching is gaining importance as a new way to control bacterial biofilms in 
medical and industrial domains, aquaculture, and water treatment plants  

 
Quorum quenching QQ microbes have been identified in a range of Gram-negative and Gram-
positive microorganisms. 
The strains capable of degrading AHL by lactonase have been reported for Bacillus [Dong, Y.H. 
et al 2002, Lee, S.J et al 2002, Ulrich, R.L.2004], Agrobacterium [Carlier, A.et al 2003], 
Rhodococcus [Park, S.Y. et al 2006], Streptomyces [Park, S.Y.et al 2005], Arthrobacter [Park, S.Y. 
et al 2003], Pseudomonas [Sio, C.F. et al 2006] and Klebsiella [Carlier, A.et al 2003]. The strains 
with acylase activity have been identified in Pseudomonas [Uroz, S. et al 2005], Ralstonia [Uroz, 
S. et al 2005], Comamonas [Uroz, S. et al 2007], Shewanella [Morohoshi, T.et al 2008] and 
Streptomyces [Park, S.Y.et al 2005]. 
 
Quorum quenching (QQ) enzymes involved in the degradation of the quorum sensing (QS) 
signals AHLs. 

           Enzyme   Host Substrate References 

                                             AHL lactonase 

AiiA Bacillus sp. 240B1 
Bacillus cereus A24 
Bacillus mycoides 
Bacillus thuringiensis 
Bacillus anthracis 

C6-10-HSL 
AHL 
AHL 
AHL 
C6, C8, C10-HSL 

[Dong, Y.H. et al 
2000]  
[Dong, Y.H.et al 
2002] 
[Dong, Y.H.et 
al2002]  
[ Lee, S.J. et al 
2002]  
 Ulrich, R.L 2004 

AttM Agrobacterium 
tumefaciens 

3-oxo-C8-HSL, C6-
HSL 

 Zhang, H.B2002 

AiiB Agrobacterium 
tumefaciens 

C58 Broad  Carlier, A.; et al 
2003 

AiiS Agrobacterium 
radiobacter K84 

Broad  Uroz, S.et al 2009] 

AhlD Arthrobacter sp. Broad  Park, S.Y et al 2003 
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IBN110 

AhlK Klebsiella pneumoniae C6-8-HSL  Park, S.Y et al 2003 

QlcA Acidobacteria C6-8-HSL  Riaz, K. et al 2008 

AiiM Microbacterium 
testaceum 

StLB037 C6-10-HSL  Wang, W.Z. et al 
2010 

QsdA Rhodococcus 
erythropolis W2 

C6-14-HSL with or 
without C3-
substitution 

 Uroz, S et al 2008] 

AidH Ochrobactrum sp. T63 C4-10-HSL  Mei, G.Y et al 2010 

DlhR, QsdR1 Rhizobium sp. 
NGR234. 

nd  Krysciak, D et al 
2011] 

PPH Mycobacterium 
tuberculosis 

C4, C8, C10-HSL  Chow, J.Y et al 
2009 

AHL acylase 

HacB Pseudomonas 
syringae 

C6-12-HSL with or 
without C3-
substitution 

Shepherd, R.W 
and Lindow, S.E. 
2009 

Aac Ralstonia 
solanacearum 

Chain length more 
than C6 

 Chen, C.N 2009 

AiiD Ralstonia eutropha C8-12-HSL  Lin, Y.H et al 2003 

PvdQ Pseudomonas 
aeruginosa 

C7-12-HSL with or 
without C3-
substitution 

 Huang, J.J. et al 
2003 

Oxidoreductase 

P450BM- 3 Bacillus 
megaterium CYP102 
A1 

C12-20-HSL(ω-1, ω-
2, ω-3 hydroxylated) 

 Chowdhary, P.K. 
et al 2007 
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Rice (Oryza sativa L.), a staple food for more than half of the world population, is commonly 
grown by transplanting seedlings into puddled soil in Asia. This production system is labor, 
water-, and energy-intensive and is becoming less profitable as these resources are becoming 
increasingly scarce. It also deteriorates the physical properties of soil and contributes 
to methane emissions. These factors demand a major shift from puddled transplanting to direct 
seeding of rice (DSR) in irrigated rice ecosystems.  

Dry direct seeding 

In Dry-DSR, rice is established using several different methods 
(1) Broadcasting of dry seeds on unpuddled soil after either zero tillage  
(2) Dibbled method in a well-prepared  
(3) Drilling of seeds in rows after conventional tillage  
 

Benefits from direct seeding compared with puddled transplanting 
 (1) Similar yields 
 (2) Savings in irrigation water, labour, and production costs 
 (3) Higher net economic returns 
 (4) Reduction in methane emissions.  
 
Risks associated with a shift from puddled transplanting to DSR include 
 (1) A shift toward hard-to-control weed flora 
 (2) Development of herbicide resistance in weeds 
 (3) Evolution of weedy rice 
 (4) Increases in soil-borne pathogens such as nematodes 
 (5) Higher emissions of nitrous oxide—a potent greenhouse gas  
 (6) Nutrient disorders, especially N and micronutrients. 
 
Future Outlook 
Dry-DSR will likely be a major rice culture in many countries in the future. Few reasons are 
support this argument  

Labour scarcity  
Crop establishment, though using direct sowing, can vary from broadcasting to line sowing 
using either a drill or a drum seeder, or manually by the dibble method in puddled or 
unpuddled soil. In areas where labour scarcity has been serious but water is relatively more 
readily available, farmers shifted to Wet-DSR without making a change in tillage. However, in 
areas where both labour and water are emerging as major constraints, farmers are interested 
in Dry-DSR with zero or reduced tillage. 
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Lessons from those countries where direct seeding is widely adopted 
       In the United States, Malaysia, and Sri Lanka, more than 90% of the rice has been direct 
seeded for the past few decades. These case studies provide a few important lessons for the 
countries that are moving toward DSR. It is clear that precise land levelling, suitable cultivars, 
good CE, precise water management, and effective and efficient weed and nutrient 
management are keys to the success of DSR.  
 
Direct seeding be as productive as conventional puddled transplanted rice. 
        Variable responses of crop productivity under DSR, Wet-DSR with line sowing (CT-wet-DSR) 
tends to be as good as or superior to CT-TPR. Dry-DSR has been more inconsistent, with a yield 
penalty ranging from 7.5% to 28.5% in India and Pakistan, whereas in other countries, it was 
similar to CT-TPR. However, the gradual improvement in productivity observed in Wet-DSR is 
likely to also occur for the more recently introduced Dry-DSR systems as optimal 
complementary management practices are developed. 
 
Direct seeding save on the use of labour or water 
          12–35% of irrigation water under DSR systems. Irrigation water savings ranked in the 
following order: Bed-dry-DSR > ZT-dry-DSR > CT-dry-DSR > CT-wet-DSR > CT-TPR. The irrigation 
water productivity of DSR methods was either similar (ZT-dry-DSR and Bed-dry-DSR) or higher 
(CT-wet-DSR and CT-dry-DSR) than in CT-TPR. Labour savings of up to 60% in DSR compared 
with CT-TPR have been reported, with the level of savings depending on tillage, CE method, and 
level of mechanization. ZT-Dry-DSR saves more labour than Wet-DSR because of additional 
savings in land preparation. 
 
Direct-seeded rice economically attractive to farmers 
       Farmers have perfected puddling and transplanting over time and are reluctant to try 
alternatives. However, economics play an important role in the decision making of farmers. 
Trials that are largely conducted by researchers clearly show economic advantages in DSR over 
puddled transplanting. DSR compared with CT-TPR had a lower cost of production and savings 
in production costs increased in the following order: ZT-dry-DSR > Bed-dry-DSR > CT-dry-
DSR ≥ CT-wet-DSR > CT-TPR. Overall, except for Bed-dry-DSR, all DSR methods resulted in higher 
economic returns than CT-TPR, but with a lower cost of production. 
 
Direct-seeded rice influence greenhouse gas emissions 
       Well-managed studies demonstrate reductions in methane emissions in DSR (8–92%) 
compared with CT-TPR, with the greatest reductions occurring in Dry-DSR. These reductions in 
methane emissions are largely due to the avoidance of standing water in fields with direct 
seeding.  
 
CONCLUSION  

DSR with suitable conservation practices has potential to produce slightly lower or 
comparable yields as that of TPR and appears to be a viable alternative to overcome the 
problem of labour and water shortage. Despite controversies, if properly managed, comparable 
yield may be obtained from DSR compared with TPR. If not managed efficiently, weeds may 
cause partial to complete failure of DSR crops. In DSR culture, water use efficiency (WUE) and 
productivity may increase if appropriate leveling of lands is done. Early crop vigour, short 
stature and short duration may also improve WUE.  
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Allelopathy refers to any process involving secondary metabolites produced by plants, algae, 
bacteria, and fungi that influence the growth and development of agricultural and biological 
systems (http: //www. Inter-national-allelopathy-society.org/). Allelochemicals, capable of 
acting as natural pesticides and can resolve problems such as resistance development in pest 
biotypes, health issues and soil and environmental pollution caused by the indiscriminate use of 
synthetic agrochemicals (Dayan et al., 2009).Effect of allelopathic suppression results due to 
the amalgamation of allelochemicals which targets different processes in the receiving plant or 
organism. Allelochemicals which are producing negative allelopathic effects in receiving 
individuals plays role in defense of plant against pests. The knowledge on plant to plant 
chemical signalling has revealed how herbivore-induced volatiles from one plant can induce 
responses in neighbouring undamaged plants that deter herbivores and attract their natural 
enemies (Dicke, 2009). In response to the attack by herbivores, plants produce allelochemicals 
which may be Herbivore-Induced Plant Volatiles (HIPVs) or secondary metabolites that act to 
repel pests and attract natural enemies. The push-pull strategy exploits allelochemicals to repel 
insect pests from the crop (‘push’) and to attract them into trap crops (‘pull’) (Khan et al., 
2007). Allelopathy has played important roles in regulating plant biodiversity and in 
sustainable agriculture. Although much information on allelopathy has accumulated in 
the past, it is necessary to continue the research in the current century (Khanh et al., 
2005). 

Allelochemicals are usually secondary plant metabolites or by-products of the principal 

metabolic pathways in plants. They are non-nutritional and can be synthesized in any plant 

part, i.e. leaves, stems, roots, bark, seeds, etc. Under favourable environmental conditions, 

allelochemicals are released into the environment through the processes of volatilisation, root 

exudation, decomposition and/or leaching, thereby affecting the growth of adjacent plants. 

Allelopathy involves the synthesis of plant bioactive compounds, known as allelochemicals, 

capable of acting as natural pesticides and can resolve problems such as resistance 

development in pest biotypes, health defects and soil and environmental pollution caused by 

the indiscriminate use of synthetic agrochemicals. Allelochemicals are a subset of secondary 

metabolites. Based on the allelopathic effects produced allelopathy can be divided into two 

types:- 

I. Beneficial (Positive allelopathy)- it is beneficial to the allelochemicals producer. 

II. Detrimental (Negative allelopathy)- it is harmful to the receiver of allelochemicals. 

Allelochemicals with negative allelopathic effects play role in defence of plant against 

pests. 

Linking allelopathy and plant-insect interaction 

The effects of allelopathy on other trophic levels have not been explored extensively however, 

there is limited evidence indirectly linking allelopathy and herbivory (Fig. 1). For example, 
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herbivory has been shown to influence a plant’s allelopathic potential. Root herbivory on the 

invasive plant Centaurea maculosa increased exudation of the flavanol (±)-catechin, an 

allelopathic agent that negatively affects other plant species. However, herbivory by a phloem-

feeding aphid reduced the allelopathic activity of the weed Ageratum conyzoides. There are 

examples of compounds known to be allelopathic agents in plant-plant interactions that 

directly repel or deter herbivores, a classic example being caffeine. Allelopathic phenolics in the 

leaves of the invasive shrub Lonicera maackii deterred feeding by lepidopteran larvae, with the 

flavone apigenin as the potential active compound. Conversely, compounds known to affect the 

behaviour of insect herbivores, such as the sesquiterpenes (E)-β-farnesene and β-caryophyllene 

(Mayer et al., 2008), also have allelopathic activity (Kong et al., 2004). Methyl salicylate, the 

volatile ester of the plant hormone salicylic acid, is often found among the volatiles released by 

plants in response to herbivory (Dicke and Hilker, 2003), and has been shown to enhance the 

allelopathic activity of exposed rice plants (Bi et al., 2007). 

 

                                                                                                                
(Glinwood et al., 2011) 
Fig.1. Interactions linking allelopathy and insect behaviour. (A) herbivory influences production of allelopathic 

substances (B) Chemical inducers enhance the production of allelopathic substances  (C) Chemical compounds 

have both allelopathic and insect behavioural activity (D) Plants exposed to allelopathy become less attractive 

to herbivores (E) Plants exposed to allelopathy become more attractive to herbivore natural enemies.  

Allelobiosis  

The term ‘allelobiosis’ is used to describe the wider trophic effects of allelopathy (Ninkovic et 

al., 2006). The three key aspects of allelobiosis are  

(i) The chemicals are not released specifically in response to herbivore or pathogen attack, 

but as part of the plant’s underlying metabolism,  

(ii) The receiving plant may benefit from exposure and  

(iii) The receiving plant’s response to exposure affects insect herbivores and their natural 

enemies.  

The aim in coining this term was not to challenge the established definition of allelopathy, but 

rather  
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(a) To draw attention to the fact that chemical exchange between undamaged plants may have 

biological effects beyond those on the receiving plant, which has not been widely addressed,  

(b) To have a concise term to describe these interactions without the need to repeat the above 

definition and  

(c) As a framework that can be used to stimulate and test new ideas on plant-plant interaction. 
 

Allelochemical types 

  Chemical that mediates an interaction between two individuals that belong to different 

species. The main importance in tritrophic interaction studies is given to allelochemicals, which 

are interspecific semiochemicals. Allelochemicals are of different types.  

If some allelochemical related to the biology of one organism evokes a response in the receiver 

in the favour of the emitter, it is known as allomone. Synomones are the allelochemicals which 

produce the response favourable for both the emitter and the receiver, whereas the 

kairomones produce favourable response only for the receiver and apneumones are the 

allelochemicals which are released by non-living substance, resulting in the response in the 

favour of one and against another organism in the same habitat (Ninkovic et al., 2006).  
 

Allelochemicals Diversity  

The allelopathic agents reported from higher plants are secondary compounds that arise 

from either the acetate or shikimate pathway, or their chemical skeletons come from a 

combination of these two origins (Figure 2). This is not to suggest that the details of 

biosynthesis are always known. These compounds do not appear to have central metabolic 

functions and the more novel ones have limited occurrence throughout the plant world, being 

absent from the majority of species. Hence, the genetic capacity for their biosynthesis is 

important to explain their roles in a plant community. 

 

  
Figure 2. Diversity of allelochemicals                                             (Source: Einhellig, 1994) 
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Based on chemical similarity, Rice designated 14 categories of allelopathic compounds, plus a 
miscellaneous group.  Allelopathic compounds also have structural or physiological functions 
within the producing plant. Cinnamic acid, ferulic acid, p-coumaric acid, and other 
phenylpropanoids commonly identified in the phenomenon of allelopathy are intermediates of 
bonification. An array of chemicals implicated in allelopathy has protective functions against 
various disease organisms, insect predation, and other herbivores. 

Advantages of Allelopathy  

1. Allelochemicals act as natural pesticides  

2. Allelopathic crops combat biotic stresses, build up fertility, reduce soil erosion and improve 

farm yields  

3. Allelochemicals are easily and rapidly degradable  

4. Allelochemicals have low or no toxicity to animals and beneficial insects 

5. Allelochemicals wide array of activity with the varying and diverse site of action. 
 

Disadvantages on allelopathy  

1. Lack of adequate field studies; as most of the studies reported are based on laboratory work 

2. Difficulties in determining critical concentrations of allelochemicals in soil 

3. Difficulty in establishing the role of microbes in litter decomposition, the release of 

allelochemicals and subsequent transformation 

4. Problems in determining the mechanism of action, particularly when the chemical nature of 

allelochemicals is unknown (Khan et al., 2000).  
 

Future Challenges  

Certain aspects for the future of allelopathy area are  (a ) in-depth autecological studies on 

species, (b ) evaluation of allelopathy in plant  associations and crop production, (c ) isolation, 

identification and characterization of alleochemicals, (d ) efforts to determine mechanisms of  

action, (e ) learning more about soil transformations and residence times and (f ) continuation 

of work on practical applications of  allelochemicals and the allelopathic phenomenon needs to 

be addressed. 
 

CONCLUSION  

Allelochemicals like Herbivore-induced plant volatiles (HIPVs) and secondary metabolites which 

are interfering with several behavioural and physiological processes in receiving organism. 

Allelochemicals are natural compounds and hence, could be effectively employed for eco-

friendly pest management. Allelopathy plays a role in regulating the species diversity in a plant 

community (plant biodiversity) and helps in achieving the goal of sustainable agriculture. 
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INTRODUCTION 
Among scented rice, Kalanamak (kala = black husk; namak = salt) is a non-basmati 

aromatic, small and medium sized grain rice with strong and pleasant aroma. Presently, 
cultivation of this rice variety has been decreasing due to several biotic and abiotic stresses, 
including lodging. The tallness of plants is an important factor that causes susceptibility to 
lodging and ultimately causes a reduction in yield (Singh et al., 2005). The growing income and 
food diversification in some Asian and European countries have led consumers to prefer better 
quality rice, while people in some parts of the world seek improved nutrition. Micronutrient 
malnutrition, and particularly Fe and Zn deficiency affected over three billion people 
worldwide, mostly in developing countries (Welch and Graham, 2004). Therefore, in this era, 
research work should be more focused on enhancement of micronutrient along with cooking 
quality traits in rice to meeting the demand and combat the malnutrition deficiency. Aromatic 
rice varieties include long grain basmati, Jasmine rice and small to medium scented indigenous 
rice of India. Kalanamak is one of the finest quality aromatic rice of India, famous for taste, 
palatability, and aroma and it surpasses basmati rice in most of cooking quality traits except 
grain length. Thus, characterization of Kalanamak aromatic rice for various cooking and 
micronutrient traits is of prime importance in order to identify genotypes with excellent 
cooking quality and rich in essential micronutrient (Welch and Graham, 2004). 

Rice is a rich source of carbohydrate (CHO); it contains a moderate amount of protein 
and fat and also a source of vitamin B complex such as thiamine (vitamin B1), riboflavin (vitamin 
B2), and niacin (vitamin B3) ( Fresco, 2005). Rice CHO is mainly a starch which is composed of 
amylase and amylopectin. The grain of rice constitutes water 12 %, starch 75-80%, and protein 
only 7% with a full complement of amino acids. Its protein is highly digestible with excellent 
biological value (74%) and protein efficiency ratio (2.02-2.04%) owing to the presence of higher 
concentration (-4%) of lysine (Eggum, 1969, 1973, 1977; Bressani et al., 1971; Juliano, 1993). 
Minerals like Calcium (Ca), Magnesium (Mg), and Phosphorous (P) are present along with some 
traces of iron (Fe), copper (Cu), zinc (Zn), and manganese (Mn) (Oko et al., 2012). 

Due to quality, aroma and palatability of Kalanamak rice, its price and demand in the 
global market are still high (Luo et al., 2005). Kalanamak, a non-basmati aromatic cultivar is one 
of the most prized rice varieties of Asia. Most of scented rice varieties have several undesirable 
traits such as lodging, low yield, vulnerability to pests and diseases (Berner and Hoff, 1986). 
These characteristics of Kalanamak rice reduce its agronomic value. The main reason for the 
reduction in yield of Kalanamak rice is its tall stature that causes lodging. The tall stature also 
limits optimum use of nitrogen fertilizer and causes problems in mechanical harvesting. Tall 
stature increases respiration, reduces translocation and causes chlorosis, which affect plant 
growth and development (Berry et al., 2002). Semi-dwarf rice varieties can evade the damage 
caused by wind and rain due to their short height (Hirano et al., 2017). 
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Table 1: Distinguishing Marpho- agronomic and grain quality characters of Kalanamak 

Marpho- agronomic 
traits 

Description Grain traits Description 

Basal leaf sheath 
colour 

Green Kernel length 5.76 mm 

Tillering ability Medium (20 tiller hill-1) Kernel width 2.18 mm 

Days to 50% flowering 115 days 
(Photosensitive) 

L/B Ratio 2.64 mm 

Days to maturity 145 days 
(Photosensitive) 

Grain type Medium Slender 

Culm angle Slight Open (450) Kernel  colour White 

Leaf length 59 cm 1000 grain weight 15 grams 

Leaf width 1.4 cm Hulling 80% 

Panicle length 31 cm Milling 75% 

Panicle type Open Head rice 70% 

Plant height 142 cm Alkali value 6-7 

Aroma in plant Highly scented Volume Expansion 4.5 times 

Apiculus colour Brown (tawny) Gel consistency 80 mm 

Awning Absent Absent Amylose content 22% 

Lemma, Palea colour Purplish Black Aroma in grain Strong 

Stigma colour Purplish Black Taste Superb 

Source: Revised manual on organic production of kalanamak rice. R. C. Chaudhary, Abhay 
Gandhe, and S.B. Mishra, 2014. Participatory Rural Developmemt Foundation, Gorakhpur, 
273014, UP, India. 

 
Kalanamak, a pigmented rice variety emerged as a potent source of vitamin E, with 

phyto constituents and free radical scavenging properties. It can be concluded that pigmented 
rice varieties might act as a potential natural antioxidant source. The landraces studied here can 
be utilized for major rice improvement strategies that have high nutritive, nutraceutical and 
medicinal values (Rajendran et al., 2018). Subudhi et al. (2013) reported Kalanamak rice 
possessed highest moisture content (MC) 10.24% followed by Tulsiphool (9.92%) and Kalajira 
(9.9%), whereas Geetanjali had the lowest value (9.6%). 
 
Scenario 

Rice staple food retains the main source of energy and protein which provide 700 
calories day-1 person-1 for about 3000 million people of the world’s population (Vlachos and 
Arvanitoyannis, 2008). Kalanamak rice has been under cultivation since several thousand years 
and has become a land race in Eastern part of Uttar Pradesh (Siddharth Nagar, Gorakhpur, 
Mahrajganj, Varanasi, Barabanki and Azamgarh) in India. This rice almost 30-35 q ha-1 produce 
grain yields, its area reduced from 50,000 ha to almost 2,000 ha remains at present.  
 
Organic production of kalanamak 

A multi-location trial with various combinations of Herbozyme, Pseudomonas, 
Trichoderma, and FYM is established in the districts of Gorakhpur, Mahrajganj and Siddharth 
Nagar. Few hundred farmers are being trained to grow organic Kalanamak. Large scale demon-
strations of putative organic inputs are being demonstrated on the farmers’ fields in the above 
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districts. They are also being linked to rice processors and super markets. Hopefully we shall 
succeed and farmers will benefit economically, and the country will benefit by better human 
health and safer environment (Chaudhary et al., 2014). 
 
Prosperity through kalanamak 

Exported and organic rices fetch more money but under GIS of Basmati, eastern U. P. 
can’t grow it for export. Thus Kalanamak is the hope as export candidate as “Normal” and 
“Organic Kalanamak”. Under a separate research project, Protocol to produce organic 
Kalanamak is being developed and farmers are being trained in organic production. They will be 
linked to organic market for local consumption and export. With the high yield of HYV 
Kalanamak and high price, Kalanamak rice may bring fast prosperity to eastern U. P. Kalanamak 
is the premium quality rice and has premium price (Chaudhary et al., 2012). 
 
CONCLUSION: 
  The cultivation of Kalanamak rice is gives more economical value in the country as well 
as at globally through export. This rice is very testy in food. It is well known that pigmented 
varieties are nutritionally better owing to the presence of anthocyanins, which are extensively 
recognized for their antioxidant activity, anticancer, hypoglycemic and anti-inflammatory 
effects. 
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Water testing: 
During past years water quality was very good. So farmers have been used this water for 

agriculture purpose without any fear. But with heavy decline in water level water have been 
collecting from very deeper layers with the borewells. From the deeper layers along with water 
so many salts are also coming to soil surface and getting fixed which in turn reducing crop 
growth and yields. Because of this along with crop growth reduction soils are also getting 
deteriorated without letting any chance for correcting the soils. In order to avoid this critical 
situations it is very important to test the water from newly drilled borewells and water 
supplying from other areas for nursery raising before using. 

 
Procedure of water sample collection: 
Borewells: 

Take a clean plastic or glass bottle. Switch on the bore and let the water out for 20-30 
minutes. Clean the bottle with the water for 3-4 times and then collect 500 ml of water. After 
collecting send it for testing to any soil testing laboratory. Better use plastic or glass bottle. 
Avoid used bottles or alcohol bottles. 
 
Canals/Streams: 

Tie the bucket with big stick and then remove the water from canals/streams and thow 
the water far away from the source. Then clean the bottle for 2-3 times and the collect the 
water sample. 
 
Waste water from industries: 
 Collect the water sample at the entry point to the field. If possible collect the water 
sample from exit point from the industries so that difference can be seen clearly by testing both 
samples 
 
Important note: For water testing sample should be send to soil testing laboratory within 6 
hours after collection 

 Fill the details like farmer name, survey number, water source, village, mandal etc on 
paper and send along with sample. 

 
Plant testing: 

In some situations especially in fruit crops after some years because of unfavourable 
conditions in deeper layers of soil or because of loss of fertility in soil deficiency symptoms will 
appear on plants. In this situations instead of going for soil testing it will be better for testing 
plant parts especially leaves for correcting deficiency symptoms. Even sometimes in annual 
crops also nutrient deficiency symptoms, especially micronutrient deficiency symptoms will be 
observed. Under such conditions, testing nutrients in plant parts and acting accordingly will 
increase yield and quality of produce. 
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Procedure and precautions: 

 If you observe any deficiency symptoms on leaves and if you have doubt that there is 
nutrient deficiency, especially when plant growth is reduced, leaf size is reduced, leaf 
turning to yellow or red then go for plant testing.  

 Before testing for nutrient deficiency better confirm that this symptoms are not due to 
insect or any disease. For this collect the sample from 8-10 infected plants. Part of the 
plant to be collected for testing is giving in the following table. 

 Clean the hands properly and then collect or cut the leaves of the infected plants. Clean 
the leaves with water and lei it shade dry and place it in clean paper bag. Send the 
sample for testing with following details: 

1. Farmer name 
2. Crop name 
3. Village 
4. Mandal 

 Take care that this testing will be done within 4-5 days 

 Present this testing is being practiced in grapes, banana and export oriented fruit crops. 
This testing requires special laboratories.  

 

Table: Part of the plant to be collected for testing 

Crop name Part to be collected for testing 

Mango Fully developed new leaves 

Citrus, lemon Fully developed new leaves (end of the branch) 

Banana Third leaf from top (Remove veins) 

Grapes Petiole of fifth leaf 

Paddy Third leaf from top 

Sugarcane Third to fifth leaf from top 

Cotton Third leaf from top 
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A honey bee visits various groups of plant viz., vegetables, cereals, fruit trees, plantation trees, 
ornamental plants etc., to obtain nectar, pollen or both for multiplication and survival. Constant 
availability of bee flora is the necessity for beekeeping. Plants differ in their flowering period 
from one place to other due to topographic variation, climate and other cultivation practices 
(Harugade et al., 2016). The insight into bee flora of a Jakhini, Varanasi region enable us  to 
utilize bee flora at the paramount, to harvest a commendable yield of honey and other bee 
products coupled with effective pollination, which enhances crop yields. This region has its own 
honey flow and floral dearth periods of short and long duration. Such knowledge on bee flora 
will help in the effective management of bee colonies throughout the year.  
 

                                                                    
Honey bee visiting different bee flora A. Moringa, B. Bajra and C. Sponge Guard 

 
Different vegetables grown in the Jakhini, Varanasi region including other crops were 
periodically observed for the flowering period and visit of honey bee for nectar and pollen. The 
results of the present investigation revealed that among the different vegetable crops, Bottle 
guard, Bitter guard, Okra, Sponge guard, Pumpkin, Cucumber served as bee flora from August – 
November while Brinjal and Indian bean were found suitable bee flora from September- March. 
Pea, Tomato and Summer squash served as bee flora from December- March. In case of cereals 
Maize, Bajra and Sorghum were found suitable as bee flora from September to October. Among 
the oilseeds, mustard served as bee flora from December-March. In Fruit crops, Banana, Guava, 
Papaya and wood apple were found useful and visited by honey bees. Among the ornamental 
plants, Hemelia and Ixora were not visited by honey bees. In ornamentals, Rose, Calendula, 
Marigold and Tecoma were preferred by honey bees as a bee flora. Amongst the plantation 
trees, Moringa was highly preferred tree by honey bees followed by Babul, kadam and Peepal. 
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Species identification is a must for depiction and characterization of biodiversity. Morphological 
features have been used in identification conventionally. Only taxonomists and trained 
technicians can identify taxa accurately, because of the special skills acquired through their vast 
experience. Nowadays, interest in biodiversity is increasing in the fields of evolutionary biology, 
agriculture, ecology, and economics to precisely identify species.  However, the number of 
taxonomists and other identification experts has drastically decreased, so accurate and 
alternative identification methods that non-experts can use are required. For characterization 
of a taxa the use of molecular tools instead of morphological tools is one of the most reliable 
way (Blaxter, 2003). The progress in biotechnology and the taxonomy crisis itself played a large 
role in the creation of DNA barcoding. A 648-bp region from the cytochrome c oxidase 1 (COI) 
gene using the mitochondrial genome makes the DNA barcode which is established on the 
assumption that each species is presumably to have a unique DNA barcode and genetic 
variations within the species is lesser than the between the species genetic variation. The two 
main ambitions of DNA barcoding are to (i) assign unknown specimens to species and (ii) 
intensify the discovery of new species and facilitate identification, notably in cryptic, 
microscopic and other organisms with complex or inaccessible morphology (Hebert et al., 
2003). India is a biodiversity-rich country in which the approximate number of described insect 
species is 59000. Nonetheless, only 4.6 % of known species were characterized by generating 
barcodes for them in India. Globally, the number of barcodes generated is about 16% of 
described species, a lot of effort is required to catch up with the world scenario. 
 
Why CO-1 selected as standard DNA Barcode? 
Efficiency in discrimination among the different animal groups and high competency for species 
identification are the features of standard DNA barcode CO-I. This universal primer can be 
applied to all animal phyla which were originally designed for marine invertebrates (Folmer et 
al., 1994). A 648-bp fragment has sufficient information and can be directly sequenced with a 
sequencer. The alignment procedure is not strenuous because this is a protein-coding region. 
The errors can be diagnosed by checking whether the obtained sequence is translatable. These 
are the reasons why the CO-I region was selected as the standard DNA barcode. Hence, DNA 
barcoding can be a simple but potent tool for non-experts, especially those who customarily 
identify a large number of samples. 
 
Usefulness of DNA Barcoding 
The access to a public reference database of taxa helped in the accurate taxonomic 
identification of a wide range of species. Thus, DNA barcode can support various scientific 
domains (e.g. Conservation biology, evolutionary biology etc). DNA barcoding helps to 
recognize, detect and trace dispersal of patented organisms in biotechnology, either to verify 
the source organism (e.g. truffles, Rastogi et al., 2007) or assure intellectual property rights for 
bioresources (Taberlet et al., 2007). Molecular data can be rapidly retrieved by using DNA 
barcoding. However, there is a huge discrepancy for morphological tools, in addition to this it 



AGRICULTURE & FOOD: e-Newsletter                                          Volume 1 – Issue 6 – June 2019 
www.agrifoodmagazine.co.in                                       ISSN: 2581-8317 

409 
 
 

can be time-consuming and in some instances totally confusing (e.g. earthworms, Huang et al., 
2007). 

For determining the taxonomic identity of damaged organisms or fragments of (e.g. 
goods, food and stomach extracts). The DNA barcoding tool is likely to be useful in the food 
industry, forensics and in preventing illegal trade and poaching of endangered species. When 
there no other means to match adults with immature specimens molecular characterization is 
necessary (e.g. Coleoptera, Caterino and Tishechkin, 2006). When morphological traits fail to 
discriminate species then DNA barcoding is the only option available (e.g. field-collected 
mosquito specimens, Kumar et al., 2007). DNA barcoding as a species identification tool not 
only attracts the non-specialists but also attracts specialists. To achieve the CBOL objectives, 
species need to be taxonomically characterized before their deposit in BOLD, which helps 
researchers to resolve analytical, technical and fundamental issues beforehand. Taxonomy, 
molecular phylogenetics and population genetics can be brought together and complemented 
by DNA Barcoding (Hajibabaei et al., 2007). DNA barcoding can be treated as a ‘formidable tool’ 
to expedite species discovery and species description (Rubinoff and Holland, 2005).  
 
Limitations of DNA Barcoding 
A. The under-described part of biodiversity: The shortage of samples across taxa will lead to 

‘barcoding gaps’ so sampling quality should be considered with the utmost care during the 
database construction phase. The selected sample should represent and cover the major 
part of the existing biodiversity (Wiemer and Fiedler, 2007). 

B. Inherent risks due to mitochondrial inheritance: The mitochondrial DNA (mtDNA) is 
maternally inherited so its diversity is strongly linked to female genetic structure. The usage 
of mitochondrial loci can lead to exaggerate sample divergence and make conclusions about 
the species status unclear. For instance, in Homona mermerodes (Lepidoptera) mtDNA 
polymorphism is structured according to the host plants on which females feed, and the 
two clades obtained by phylogenetic analyses are artefacts of female nutritional choice 
(Hulcr et al., 2007). 

C. Nuclear copies of COI (NUMTs): Nuclear mitochondrial DNAs (NUMTs) describe a 
translocation of any type of cytoplasmic mitochondrial DNA into the nuclear genome of 
eukaryotic organisms. Across the different species NUMTs differ in number and size. 
Disturbance due to NUMTs must be seriously considered, in both DNA barcode library 
construction and further specimen identification. 

D. Rate of evolution in COI: The rate of genome evolution (mitochondrial or nuclear) is not 
equal for all living species. The rate of evolution can vary at the ordinal level e.g. 
Dermapteran insect species (Wirth et al., 1999). 

E. The intra-specific geographical structure should be taken into account: Species 
geographical structure, if ignored, it can distort species delineation. Intraspecific divergence 
can obtain from geographically isolated populations (Hebert et al., 2003), and hence, it 
must be taken into account while setting up the DNA barcode reference database.  

 
CONCLUSION 
Species identification using short DNA sequences will become more reliable when mt-DNA 
based barcode supplements nuclear barcodes. It will reduce the dependency on a single 
character and help to identify in cases where mt-DNA behaves differently to nuclear genes. 
Molecular phylogenetic studies routinely make use of multiple nuclear genes, so it is not a 
novel idea. In spite of limitations of DNA barcoding, the reported success using barcoding in 
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differentiating species from taxa and to reveal cryptic species is remarkable. Thus, effort should 
be made to develop nuclear barcodes which can complement mt-DNA based barcodes. DNA 
barcoding solely can’t help in accurate identification and description of a species. Therefore, 
Integration of DNA  barcoding, morphological and ecological studies will help in achieving 
accurate identification and description of a species.  
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Plant growth is a collective function of a number of external factors like temperature, moisture, 

light, humidity and nutrition. Among all these factors, nutrition is considered to be highly 

important, because it not only plays important role in plant’s growth but it can also impart 

resistance to plants towards a number of stresses. In plant nutrition seventeen nutrient 

elements are regarded as “Essential elements” which plays a direct role in plant’s metabolism. 

Apart from Essential elements some elements are regarded as “Beneficial Elements” because 

they might not be involved in the direct metabolism of a plant but they certainly have 

remarkable effect on plant growth. Silicon is also one of the beneficial elements that provide a 

multitude of benefits. Now days Silicon is referred to as “Quasi essential” plant nutrient 

(Epstein and Bloom, 2005) because of a number of benefits provided by it such as enhanced 

growth, improved yield and crop quality, photosynthesis, N fixation and resistance to disease, 

metal toxicity, herbivory, lodging, temperature, drought, salinity, UV radiations etc. 
 

What is Silicon? 

Silicon (Si) is a nonmetallic chemical element that belongs to carbon family. It is the 

seventh most abundant element in the universe. The importance of Silicon can be easily judged 

by its amount in the earth’s crust. Silicon is the second most abundant element in the earth’s 

crust and makes up about 27.7 percent of it and this percentage is exceeded only by oxygen.  

Pure silicon is highly reactive in nature, that’s why it is not found in pure form in the nature. In 

nature, it exists in all rocks and in almost every kind of soil in combined form such as Silica, 

silicon dioxide or as silicates. In the soil solutions, silicon is mainly found in the form of silicic 

acid (Si(OH)4) (Lindsay 1979; Epstein 1994). Elemental silicon and most silicon-containing 

compounds are considered as nontoxic for environment. 
 

Silicon absorption by plants: 

Silicon is taken up by the plant in the form of silicic acid and the Si transporters mediate 

its transport inside the plant system. After it is transported, it mainly gets deposited in the 

apoplast. The silicon concentration in the soil solution is between 3.5-40.0 mg Si L-1 (Marscner, 

1995). Among the terrestrial plants, only horsetail is known to require Silicon as an essential 

nutrient. Depending upon the Silicon concentration in the tissues the plants can be divided in 

two categories, a) Silicon accumulators and b) Non accumulators. Most dicots plants (broad leaf 

plants) take up small quantities of silicon and accumulate less than 0.5% in their tissues and 

they are regarded as ‘non accumulators’ whereas, monocot plants (grasses) such as rice and 

sugarcane may accumulate up to 5-10% silicon in their tissues and they are regarded as ‘Silicon 

accumulators’. 
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Functions of Silicon: 

 Silicon exerts beneficial effects on plant growth and production by alleviating both biotic 
and abiotic stresses including diseases, pests, lodging, drought, and nutrient imbalance (Ma 
and Yamaji, 2008). Silicon appears to be beneficial for certain plants under stress conditions 
i.e. if silicon is applied it helps the plants in overcoming stress.  

 Silicon improves the mechanical properties of plants by improving elasticity and rigidity. 
Therefore, it reduces the lodging in plants, where the plants get collapse due to heavy 
action of rain, wind or by its own weight. Many researchers have concluded that, a number 
of plants when subjected to silicon deficiency, exhibits weak stems and tends to lodge. 

 Silicon is known to enhance the plant’s ability to resist micronutrient and other metal 
toxicities (i.e. aluminum, copper, iron, manganese, zinc, etc.) by co precipitation in the cell 
wall and also reduces the ill effect of ROS, which are produced under the conditions of 
stress (water, salt etc.). 

 It has been found to improve drought tolerance and delay wilting in certain crops where 
irrigation is withheld. The ability of silicon to maintain a favorable water balance and to 
reduce transpiration acts as a boon for water stressed plants. 

 Mechanical barrier formed due to silicon deposition along the cell wall of a plant serves as a 
defense mechanism against a number of insect pests. Liu et al. (2017) reported that silicon 
is also suggested to induce indirect defense mechanism by altering the composition of 
Herbivore Induced Plant Volatiles (HIPV). HIPVs attract the predators and parasitoids of 
herbivores and thus provide indirect protection against pests. 

 Silicon also helps in increasing the heat tolerance of plants. 
 

Mechanism of Silicon induces water stress tolerance in plants: 

Silicon is known to impart resistance to plants towards a number of stresses and out of all 

possible abiotic stress factors found in nature; water stress affects almost every plant, 

particularly in arid and semi arid regions. The present agriculture is also facing many problems 

due to water stress. Hundreds of studies performed on a number of plants have stated the 

beneficial effect of Silicon, particularly in ameliorating the ill effects of many biotic and abiotic 

stresses. About a decade ago, the genetic molecular mechanism of Si uptake and transport was 

discovered and from that time many researchers are interested in knowing the reason behind 

multiple benefits of Si in plants (Ma and Yamaji, 2008). 

 

 Si is acclaimed to provide mechanical support and strength to the plant cell wall, which works 
miraculously when the plant is facing water stress. When Si enters into the plant system, it 
binds with hemicelluloses present in the cell wall and thus provides structural support to plants, 
so that the plant remains intact even in the condition of water stress (Ma et al., 2015). 

 When plants absorb silica in the form of silicic acid, it undergoes the process of polymerization 
in the apoplast. This polymerization leads to the formation of an amorphous silica barrier, 
which saves the plant from various biotic and abiotic stresses by hindering action (Exley, 2015). 

 Silicon moves passively along with the transpiration stream and it tends to get deposited at the 
high transpiration sites and helps in reducing the water stress by reducing the transpiration 
(Wiese et al., 2007). Ma (2004) has reported the occurrence of a Si-cuticle double layer beneath 
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the cuticle of leaves. This layer was found to be effective in reducing the cuticular transpiration. 
Further, Morikawa and Saigusa (2004)  

 Addition of silicon has also been found effective in increasing the water stress tolerance by 
increasing the hydraulic conductivity of the roots. Shi et al. (2015) reported the role of silicon in 
improving the hydraulic conductivity in tomato. Silicon is also found to be beneficial in reducing 
the damaging effect of Reactive Oxygen Species (ROS) under water stress conditions. 

 Silicon also plays an important role in osmotic adjustment in many plants. It may be attributed 
to an increase in the concentration of ‘Proline’ due to silicon application which is the most 
important solute when it comes to osmotic adjustment. 

 Another possible mechanism of silicon induced stress tolerance in plants is silicification of 
trichomes (Sangster et al., 1983). The trichomes that have deposited a layer of silica acts as an 
antennae that absorbs short wave radiations of the sun and emits long wave radiations and 
thus helps in cooling of the leaves, as it is a known fact that cooler leaves tends to transpire less 
water as compared to warmer leaves. 

 

Deficiency of Silicon in plants: 
Most of the plants are able to grow and develop normally without requiring Silicon 

since it is not an essential nutrient for them, but few plants such as rice and sugarcane can 
show some negative effect on growth in complete absence of Silicon. Plants like tomato can 
have the problem of abnormal flower development and plants such as cucumber and 
strawberry may have reduced fruit set and possibly malformed fruit. It has also been noticed 
that, Silicon deficiency may also induce the toxicity of manganese, copper or iron in certain 
plants. 
 

Silicon fertilization in plants: 

For the first time, Silicon fertilizers were used in Japan in 1950’s, but now days they are being 

used worldwide (Guntzer et al., 2012). The global silicon fertilizer market was valued at $ 87.43 

million in 2016 and it is projected to reach $ 125.84 million by 2025, thereby having a CAGR of 

4.1 % from 2017 to 2025. In most of the fertilizer formulations silicon is not included as a major 

component, but in some it may be present in the form of a contaminant. Water sources and soil 

serves a natural supply of silicon to plants but this may not serve as a source of fully fledged 

supply, so it becomes necessary to supply silicon in the form of artificial fertilizers. According to 

types; the silicon fertilizers are available as calcium silicate, potassium silicate and sodium 

silicate and according to forms; they are available as solid and liquid silicon fertilizers. Silicon 

fertilizers have proved very effective in enhancement of quality as well as yield of many 

agricultural crops such as rice, wheat, sugarcane, sorghum, barley millets, cotton, soybean etc. 

(Liang et al., 2015). 

CONCLUSION: 

Now day’s silicon fertilization is viewed as an alternative for sustainable agriculture, where a 

number of biotic and abiotic stresses can be managed by strengthening the plants rather than 

spending lots of other resources for their cure. Silicon which is regarded as a nutritional non-

entity can perform wonders if used in right manner. 
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Graphene, also known as ‘wonder material’, is an allotrope of carbon consisting of a single layer 
of carbon atoms arranged in a hexagonal lattice. As it is a single layer material, it has two-
dimensional geometry. It is building block of graphite and many other allotropes of carbon. 
Graphene is the thinnest material known of single atom thickness, and also the strongest 
material, about 200 times stronger than steel. Despite its strength, graphene is also relatively 
brittle in nature and is likely to crack in a brittle manner like ceramic materials. It has attracted 
great interest for its excellent mechanical, electrical, thermal and optical properties.  

Production of Graphene 
It can be produced by micro-mechanical exfoliation of highly ordered pyrolytic graphite, 

epitaxial growth, chemical vapor deposition and reduction of graphene oxide (GO). The first 
three methods results in  graphene with a relatively perfect structure and excellent properties, 
while in comparison, GO has two important characteristics: 
(1) It can be produced using inexpensive graphite as raw material by cost-effective chemical 
methods with a high yield. 
(2) It is highly hydrophilic and can form stable aqueous colloids to facilitate the assembly of 
macroscopic structures by simple and cheap solution processes. 

Scope of graphene in food industry 
The unique properties of graphene, makes it one of the most viable futuristic material. 

Graphene is under research in number of applications in food sector, few of them are depicted 
in figure below:   

 
Fig 1. Applications of Graphene in food industries. 
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Sensor based food quality assurance 
Sensors incorporating graphene have the potential to improve the speed, sensitivity and 

accuracy needed to detect the presence of any contamination in food. Excellent absorption 
characteristics of graphene make them suitable as sensors for detection and quantification of 
harmful substances such as prohibited additives, synthetic aromatic azo dyes etc.  Graphene 
based biosensors had been developed for detecting presence of cholesterol and hypothalamic 
glucose content in food (Sundramoorthy and Gunasekaran 2014). 

Anti-corrosion and non-stick coating 
Graphene is being used to promote chemical and water resistance in thermoplastic for 

food storage. As the graphene, in its pristine form, is least chemically reactive this can also be 
used in place of lacquers or enamel coating inside the metal cans.  

Application in food, drugs and OLED packaging 
Graphene is used in form of free-standing graphene membranes or graphene coated 

materials. In comparison to the traditional packaging materials graphene-based packaging 
materials have million-fold better barrier properties with high chemical and thermal stability, 
and very little toxicity (Su et al., 2014). Monolayer graphene cannot be used for packaging due 
to less structural stability. So, multilayer reduced graphene or multilayer reduced graphene 
oxide (rGO) can be used as packaging material. Graphene based composite films have better 
barrier properties than other polymers. Packaging materials such as polylactic acid (PLA), 
polypropylene and low-density polyethylene can be incorporated with graphene to make 
composite films. The rGO-PLA composite film has better barrier potential to the water-vapour 
as well as oxygen in comparison with sole PLA based film, where rGO act as core barrier and 
PLA as outer protective encapsulation (Goh et al., 2016). 

Graphene based membrane filters 
Graphene based coated membrane can be used for desalinization of sea water, they are more 
robust than nanofiltration membranes. These membranes are having high flow rates, long 
service life and high efficiency. To substantially reduce the effect of chlorine, graphene-based 
membranes are perfect choice. Preparing freestanding graphene-based filter membrane is a 
bottle neck for food industries, recently fang et al., 2016 came up with a graphene oxide and 
bacterial cellulose composite membrane which has higher tensile strength, toughness and 
water stability. Such membranes have potential to be used as filter in the field of water 
purification and pharmaceutical.  

CONCLUSION 
Graphene with its discrepant features has the enormous potential to be used in food 

processing and packaging industries. There is great scope in coming-up with graphene-based 
new materials and technologies for exploiting its huge potential.  
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INTRODUCTION 
Insecticide resistance is the biological property of insects to withstand the lethal action of insecticides. It is 
one of the serious problems in insect pest management due to intensive use, misuse and overuse of 
insecticides. It was first reported by Melander (1914) in San Jose scale (Quadraspidiotus perniciousus) against 
lime sulphur. Insecticide resistance began to receive the scientific attention after second world war, when 
DDT failed to control resistant strains of House flies,Mosquitoes, Bedbugs and Louse. More than 500 species 
of insect pests have now been demonstrated to developed insecticide resistance and 17 of these are resistant 
to all the available group of insecticides. Most serious insect pests like, Gram pod borer (Helicoverpa 
armigera), Brinjal shoot and fruit borer (Leucinodes orbonalis), Diamond back moth (Plutella xyllostella), 
White flies (Bemisia tabaci) and several species of aphids, developed very high level of resistance (more than 
100-fold) to several groups of insecticides. Resistance is not limited to insects and insecticides. It occurs in 
such relatively simple forms as bacteria and protozoa as well as in such advanced forms as plants and animals. 
It affects the varieties of toxicants inducing antibiotics, antimalarials, coccidiostats, insecticides and 
rodenticides etc.  
 
Types of Insecticide Resistance 
Generally, the capability of surviving on a lethal dose to a majority of individuals in a normal population is 
known as insecticide resistance. More precisely, Sawicky (1987) stated, ‘Insecticide resistance is a genetic 
change in response to selection by toxicants that may impair control in the field’. Usually, The intoxication of 
an insect by an insecticide encompasses three levels of pharmacokinetic interactions- penetration of barrier 
tissues: distribution, storage and metabolism in internal tissues; and molecular interaction with the ultimate 
target site, and the detoxification of insecticides by insects have three basic mechanisms- decreased cuticular 
penetration; increased metabolic detoxification and target site insensitivity. The identification of 
mechanisms involved in insecticide resistance is one of the major challenges in insect toxicology and 
resistance management. Collectively insects have two types of resistance-  
1. Cross resistance  
2. Multiple resistance.  
 
1. Cross resistance  
‘Cross resistance is a phenomenon where a single defense mechanism confers resistance against various 
toxicants.’ For example, Lindane resistant mosquitoes are non-susceptible to dieldrin, and DDT-resistant 
houseflies are non-susceptible to methoxychlor. It means cross resistance is the result of common 
detoxification system or target site insensitivity.  
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2. Multiple resistance.  
‘Multiple resistance is a phenomenon where different defense mechanisms coexist in the same strain against 
various taxicants.’ For example, the kdr mechanism of the houseflies shows reduced sensitivity of the nerve 
axon to DDT as well as to the completely unrelated pyrethroids.  
 
Insecticide resistance in agricultural sector of India  
Insecticide resistance is emerging into a serious problem in India. It was first noticed in mosquitoes (Culex 
fattigans) of public health importance in 1952 towards DDT, a transmitter of filarial from U.P. and Mumbai. 
So far,31 insect species have been reported to different insecticides. Out of which 19 are pests of medical 
and veterinary importance and 12 are pests of agricultural importance. Insecticide resistance in agricultural 
pests was first noticed in 1963, when Singhara beetle (Glerucella birmanica) from Delhi was reported to be 
resistant to Lindane.  
 

Insecticide resistance reported in agricultural sector of India 

A. Field Crops 

S.N. Species Insecticides First report 

1. 
Singhara beetle 
(Galerucella birmainica) 

Lindane 1963, Delhi 

2. 
Tobacco caterpillar 
(Spodoptera litura) 

DDT, Lindane, Endosulfan, 
Pyrethrum, OP Compounds. 

1965, Rajasthan 

3. 
Diamondback moth 
(Plutella xyllostella) 

DDT, Lindane, Cyclodienes, 
Pyrethroids, OP Compunds 

1968, Punjab 

4. 
Gram podborer 
(Helicoverpa armigera) 

Pyrethroids 1986, A.P. 

5. 
Mustard aphid 
(Lipaphis erysimi) 

Endosulfan 1986, Punjab 

B. Stored Grains 

S.N. Species Resistance against insecticides First report 

1. 

A. Flour beetle 
     (Tribolium castaneum) 

B. Flour beetle 
     (Tribolium confusum) 

Lindane, Malathion, Dichlorovos 

Phophine, Malathion 
1971, Delhi 
1988, Delhi 

2. 
Rice weevil 
(Sitophilus oryzae) 

Lindane, Malathion, Phosphine 1973, Kanpur (U.P.) 

3. 
Lesser grainborer 
(Rhizopertha dominica) 

Lindane, Malathion, Phosphine 
1973, U.P., Haryana, 
Rajasthan, Maharashtra, 

4. 
Sawtoothed weevil 
(Oryzaephilus surinamensis) 

Lindane, Malathion, Phosphine 1976, Maharashtra 

5. 
Wheat beetle 
(Trogoderma granarium) 

Phosphine 1979, Punjab 
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The state of Bihar is spread over about 93.60 lakh hectares geographical area. At present above 12 

crores of people residing in the state and around 90 per cent population lives in rural areas. The gross 

sown area is around 75.75 lakh hectares and gross irrigated area is 52.70 lakh hectares. The cropping 

intensity is 1.45. State has three agro– climatic zones and are suitable for raising various crops like food 

grains, vegetables, fruits, flowers, medicinal plants, etc at considerable level. But the drawback of the 

zones are - recurring floods, droughts, and waterlogging. In the past two decades, about 11 times floods 

and 6 times droughts affected the state. This is the reason for volatile agricultural practices in the state. In 

the state, concentration of marginal and small farmers is around 97 per cent and possess around 76 per 

cent of cultivated area of the state. As per the estimate of NABARD, average income of a farming family in 

the state is about ₹ 7200 per month i.e much lower than that of national average ₹ 8950. On this backdrop 

the present article plans to access the approaches for ensuring doubling the income of farmers in the state. 

This is the fact that in Bihar, cereal production is still dominant ( > 80% of GCA ) which is much 

higher as compared to national level 51%. In the state, around 5 % fruits and 8.5% vegetables of the 

country are grown but only 4% of the total cold storage of the country is in the state, Storage of food grains 

are not sufficient. Processing of cereals, pulses, fruits, vegetables, milk, fish, etc. are much lower. Value 

additions like - grading, packaging, etc. generally not practiced by the producers is the main reason for low 

remuneration from the produce in the state. There is almost no legislation regulating agricultural 

marketing system which is also a big problem in the state. The public procurement system is still very week 

and the government intervention by MSP restricted to some notified crops only. For enhancing the farmers 

income in the state there is need for strengthen public procurement system. Efforts for reducing costs of 

inputs are also important for increasing the income of farmers. The inputs costs will be reduced through 

proper mechanisation, SRR, irrigation, solar system, fertilizers, insecticides and pesticides, bio-fertilizers, 

etc. The income of the farmers will also be increased by increase in productivity level, reduces in post-

harvest losses, value addition by training and skills awareness to the farmers at the village level. In the 

state there is needs for popularization of fruits based production system, introduction of commercial 

based production system under Diara, Dhab, Tal and chawar areas. There is urgent needs to develop value 

added produce system for increasing the non-farm livelihood options and assuring income or livelihood to 

landless farmers in the state. 

 

Now a days, agricultural activities is becoming more capital oriented and the socio-economic 

conditions of the farmers are not good so, emphasis on formation of cooperatives, FPO, collective farming 

may be given priority for fulfilment of capital needs in agriculture. In the state, purchasing power of people 
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are gradually increasing hence, farmers skills should be enhanced in the field of mushroom cultivation, 

beekeeping, vermi-composting, use of solar energy, grading, packaging, drying, storage, etc. for income 

enhancement to the farmers. Approaches for farmers income doubling in the state - 

• Supply of quality inputs in right time and right quantity. 

• Irrigation intensity needs to be enhanced. 

•  Adoption and use of techniques under the abiotic situations. 

• Training for preparation of farm plan to the farmers on regular basis. 

• Agricultural practices based on the market demand. 

• Ensuring purchase of farmers produce on MSP rate. 

• Schemes for diversification of farms by cultivation of cash crops, horticultural crops, spices crops, 

medicinal crops, implementation in true sense and spirit. 

• Promotion of dairy, poultry and fisheries for risk mitigating and regular income. 

• For cultivation of high value crops, micro irrigation system may be developed. 

• Increase in the level of value addition. 

• Management of losses on the farm and off the farm needs to be reduced. 

• Subsidy to the needy farmers may be given. 

• Custom hiring system should be developed at the local level. 

• Weather forecast and insurance facility should be strengthened. 

• Organic fertilizers should be provided at reasonable prices. 

 

Above noted strategies will be helpful in doubling of farmers income in the state. However, all the 

above listed strategies have already been introduced in the state from 2005 and resulted in increase in the 

productivity and profitability realised by the farmers but still in the state, there is vast scope for adoption 

and use of listed techniques and approaches for increase in productivity and profitability. If proper care 

taken in the light of suggestions, there is no doubt that farmers family income will be doubled in the state. 

If farmers family become economically sound the state economy will also be sound and state will move 

from poor to developed state in all economic parameters. 

The value chain addition will also be helpful for farmers for their entry into remunerative market 

and thereby able to fight against emerging globalization challenges. This strategy is suitable for income 

creation and reduction of ill effects of climate change. The public private partnership will be very effective 

in these activities. 

Thus, it is summarily concluded that we have options and opportunities for doubling of farmers 

family income. This will be achieved through integrated approach of public, private, farmers, processors, 

financial institutions, policies and programmes in true spirit. Without joint efforts, it is difficult to achieve 

the set targets of doubling farmers income in the state of Bihar. 
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INTRODUCTION 

Rice is the staple food for the people of Bihar and holds an important position in shaping the economy of 
the state. For many farmers it is the only source of employment and cash income. Rice is the part of culture and is 
essential for many religious and social functions. There are broadly speaking, five rice growing seasons in this 
state. 
 
Bhadai (early kharif): Early maturing photoperiod insensitive crop is grown under rainfed conditions in the 
uplands from May to September- October. The bulk of the area is grown as direct sown crop and covers about 
20% of the total rice areas of the state.  
 
Katika (medium kharif): Katika rice crop is transplanted in late June or July from the seedlings sown in May-June. 
Photoperiod sensitive varieties are cultivated which flower in the 1st or 2nd week of October and harvested in 
November. Some of the recently developed varieties in this group are photo period insensitive. It is estimated 
that about 12% of the irrigated area & 20% of the rainfed area are covered by this group. 
 
Aghani (late kharif): The crop is transplanted in July/August from the seedlings sown in May/June. Both 
photoperiod sensitive and insensitive varieties are cultivated which flower in the 3rd & 4th week of October and 
harvested generally in December. Some of the recently developed varieties are photoperiod insensitive. It is 
estimated that about 16% of the irrigated area and 20% of the rainfed area are grown under this group. Deep 
water and floating rice come under this group, however 10% of the deep water and nearly all of the floating rice 
are grown as direct sown crop without irrigation. Such deep-water rice is sown broadcast in February/March as a 
mixed crop with summer moong, maize, millets and jute. 
 
Boro: This group consists of the traditional multi transplanted or recently introduced single transplanted crop and 
are grown mostly under irrigated condition in the winter season. Sowing is done in Oct-Dec., seedlings are 
transplanted in Dec.-Jan. and the crop is harvested in April-May. 
 
Garma (Summer): This crop is grown only under irrigated conditions. The transplanting is done in April from the 
seedlings sown in March. The crop is harvested during July-August. The area under garma is only about 1% of the 
total rice area and is fluctuating. 
 
Growing situation: 
The following rice growing situations are identified in Bihar 
Growing situation                                         
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1. Irrigated system                
2. Rainfed upland               
3. Rainfed lowland                
     (a) Shallow rainfed          

(b) Intermediate rainfed 
(c) Semi-deep rainfed 
(d) Deep rainfed 

 
Each of these classes are distinguished by their growing conditions, cultural practices, varietal adaptability etc. 
Within each category variations in the growing conditions may be found so that they can further be classified in 
smaller groups and lower categories.  
 
Irrigated systems: 
In the irrigated system medium uplands to medium lowlands transplanting is the most common method of rice 
growing, sandy loam to heavy clay soils is common in the irrigated fields. The reaction of soil ranges from alkaline 
to neutral in the plains to acidic in hilly areas. The drainage in the irrigated system is generally good but in certain 
areas water logging becomes a constraint. Modern varieties with semi dwarf growth characteristics in the 
maturity range of 110-150 days have done best as irrigated rice culture. Irrigated rice is grown mainly during 
kharif (May to October) and some during summer as well. Garma crop is hundred percent irrigated but only short 
duration (110-120 days) varieties are chosen. In some pockets rabi rice is also grown for which early to mid-
duration varieties are suitable.  
 
Rainfed upland: 
These are flat or slopy lands and unbounded. The fields generally do not retain water but may remain dry or wet 
depending on the rainfall. The soil texture is sandy loam. Locally the lands are called "Tanr" or "Bhitha". There are 
three categories in the "Tanr" lands; Tanr-I, Tanr-II & Tanr- III depending on topography. In the upland, short 
duration, photoperiod insensitive varieties are grown. 
 
Rainfed lowland: 
The rainfed lowlands as we understand in Bihar have the following four categories: 
(a) Shallow rainfed: The flat lands as well as terraced rice fields with a water regime of 0-25 cm come under this 
category having two sub-categories (i) drought prone and (ii) drought & flood prone. The period and frequency of 
drought and flood are irregular. Photoperiod insensitive semi-dwarf short duration HYV adopt very well. The soils 
range from sandy loam to clay. Their reaction varies from alkaline to acidic or neutral. Drainage is good. 
 
(b) Intermediate rainfed: In such lands water depth ranges from 25-50 cm. The following sub-classes exist: 
 
(1) Areas receiving normal rainfall where flooding is a problem which is Intermittent   
(2) Areas receiving erratic rainfall where drought and floods are major constraints. Loam to clay soil is 
encountered with neutral to alkaline reactions, Intermediate tall, photoperiod sensitive varieties are suitable for 
such situations. However, in areas receiving assured rainfall, photoperiod insensitive varieties may be adopted. 
 
(c) Semi-deep rainfed: These are low lying, flat, unbounded, ill drained areas where water stagnates for 5-6 
months during wet season. The water regimes vary from 50-100 cm. Loam to heavy clay soil with neutral to 
alkaline reactions are common. Photoperiod sensitive, tall varieties are suitable for such areas. Direct seeding is 
commonly followed but transplanting is also done in some situations. 
 
(d) Deep rainfed: The water depth varies from 100 to 400 cm. Soils are heavy, rich in organic matter and their 
reaction is alkaline or neutral. Elongating tall photoperiod sensitive, floating types are suitable for such areas. 
Direct seeding is generally practised but in areas where water does not dry out even in May transplanting is done. 
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Information and communications technology (technologies), is the infrastructure and components that enable modern 
computing.Although there is no single, universal definition of ICT, the term is generally accepted to mean all 
devices, networking components, applications and systems that combined allow people and organizations (i.e., 
businesses, nonprofit agencies, governments and criminal enterprises) to interact in the digital world.ICT encompasses 
both the internet-enabled sphere as well as the mobile one powered by wireless networks. It also includes antiquated 
technologies, such as landline telephones, radio and television broadcast  all of which are still widely used today 
alongside cutting-edge ICT pieces such as artificial intelligence and robotics.ICT is sometimes used synonymously with 
IT (for information technology); however, ICT is generally used to represent a broader, more comprehensive list of all 
components related to computer and digital technologies than IT. 
 
Information and communication technology in Agriculture  

ICT in agriculture, also known as e-agriculture, focuses on the enhancement of agricultural and rural 
development through improved information and communication processes. More specifically, e-agriculture involves 
the conceptualization, design, development, evaluation and application of innovative ways to use information and 
communication technologies (ICTs) in the rural domain, with a primary focus on agriculture. ICT includes devices, 
networks, mobiles, services and applications; these range from innovative Internet-era technologies and sensors to 
other pre-existing aids such as fixed telephones, televisions, radios and satellites. Provisions of standards, norms, 
methodologies, and tools as well as development of individual and institutional capacities, and policy support are all 
key components of e-agriculture. Success stories on information and communication technologies for agriculture and 
rural development have documented many cases of use of ICT in agriculture. 
 
Wireless technologies 

Wireless technologies have numerous applications in agriculture. One major usage is the simplification 
of closed-circuit television camera systems; the use of wireless communications eliminates the need for the installation 
of coaxial cables.  
 
Global Positioning System (GPS) 

In agriculture, the use of the Global Positioning System provides benefits in geo-fencing, map-
making and surveying. GPS receivers dropped in price over the years, making it more popular for civilian use. With the 
use of GPS, civilians can produce simple yet highly accurate digitized map without the help of a 
professional cartographer. 
 
Geographic information systems 

Geographic information systems, or GIS, are extensively used in agriculture, especially in precision farming. 
Land is mapped digitally, and pertinent geodetic data such as topography and contours are combined with other 
statistical data for easier analysis of the soil. GIS is used in decision making such as what to plant and where to plant 
using historical data and sampling. 
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Computer controlled devices (automated systems) 

Automatic milking systems are computer controlled standalone systems that milk the dairy cattle without 
human labor. The complete automation of the milking process is controlled by an agricultural robot, complex herd 
management software, and specialized computers. Automatic milking eliminates the farmer from the actual milking 
process, allowing for more time for supervision of the farm and the herd. Farmers can also improve herd management 
by using the data gathered by the computer.  
 
Smartphones and mobile phones in agriculture 

The use of mobile technologies as a tool of intervention in agriculture is becoming increasingly popular. 
Smartphone penetration enhances the multi-dimensional positive impact on sustainable poverty reduction and identify 
accessibility as the main challenge in harnessing the full potential in agricultural space. The reach of smartphone even 
in rural areas extended the ICT services beyond simple voice or text messages. Several smartphone apps are available 
for agriculture, horticulture, animal husbandry and farm machinery. 
 
Top 5 newest ICT in Agriculture 

In recent years, the adoption of digital technologies in precision agriculture has been adjusting the ways that 
farmers treat crops and manage fields.  
GIS software and GPS agriculture 

➢ Satellite imagery 
➢ Drone and other aerial imagery 
➢ Farming software and online data 
➢ Merging datasets 

As a result, modern farms get significant benefits from the ever-evolving digital agriculture. These benefits 
include reduced consumption of water, nutrients, and fertilizer, reduced negative impact on the surrounding 
ecosystem, reduced chemical runoff into local groundwater and rivers, better efficiency, reduced prices, and many 
more. Thereby, business becomes cost-effective, smart, and sustainable.  

Problems associated with the application of ICTs 
➢ Need of trained personnel for effective management of ICT tools. 
➢ Lower literacy rate of Farmer. 
➢ Less familiarity of rural people with ICT tools. 
➢ Failed in making proper assessments and conclusions. 
➢ Provides complex and less interpretive form of knowledge. 

Areas of IT convergence 
Applications of IT in support of agricultural and rural development fall into five main areas, as outlined by Don 
Richardson (FAO, 1996). Theseare: 

➢ Economic development of agriculturalproducers 
➢ Communitydevelopment 
➢ Research andeducation 
➢ Small and medium enterprises developmentand 
➢ Medianetworks. 

 

ICT initiatives for agricultural development in India 

➢ Gyandoot project (MadhyaPradesh); 

➢ Warana Wired Village project (Maharashtra); 

➢ Information Village project of the M S Swaminathan Research Foundation (MSSRF) (Pondicherry); 
➢ E-Kisan project of the Nagarjuna group of companies (AndhraPradesh); 
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➢ Automated Milk Collection Centres of Amul dairy cooperatives (Gujarat); 

➢ Land Record Computerisation (Bhoomi)(Karnataka); 

➢ Computer-Aided Online Registration Department (AndhraPradesh); 

➢ Online Marketing and CAD in Northern Karnataka (Karnataka); 

➢ Knowledge Network for Grass Root Innovations – Society for Research and Initiatives (SRISTI) (Gujarat); 
➢ Application of Satellite Communication for Training Field Extension Workers in Rural Areas (Indian Space 

Research Organization); 
➢ In addition to the above, a few non-governmental organizations (NGOs) have initiated ICT projects such 

as: 
➢ Tarahaat.com by Development Alternatives (Uttar Pradesh andPunjab); 

➢ Mahitiz-samuha(Karnataka); 

➢ VOICES – Madhyam Communications (Karnataka); 

➢ Centre for Alternative Agriculture Media (CAAM); 
 
Some exclusive agricultural portals are also available, such as: 

➢ Haritgyan.com 
➢ Krishiworld.net 
➢ TOEHOLDINDIA.com 
➢ Agriwatch.com 
➢ ITC‟sSoyachoupal.com 
➢ Acquachoupal.com 
➢ Plantersnet.com, etc. 

 
ICT for agricultural development has a huge potential, yet India is a slow starter and very few projects have been 
undertaken. NGOs, private organizations, corporate bodies and governmental organizations have generally taken 
the initiatives. This exposes the sheer indifference of agricultural development departments towards incorporating 
ICT into their day-to-day activities. Learning from the ongoing projects should be taken into account while 
formulating the strategy or action-plan for future for overall development of agriculture. 
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INTRODUCTION 
 Precision farming is the technology which involves the targeting of inputs to arable crop production 

according to crop requirement on the localized basis (Stafford,1996). 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). 

 Precision Farming is generally defined as an information and technology based farm management system 
to identify, analyze and manage variability within fields by doing all practices of crop production in right place at 
right time and in right way for optimum profitability, sustainability and protection of the land resource. Precision 
agriculture is a systems approach to farming for maximizing the effectiveness of crop inputs.. 
 
Objectives of precision farming 
❖ To develop a methodology for identifying the causes of within field variation in crop performance. 
❖ To develop practical guidelines required to implement precision farming technology to achieve best 

management. 
❖ To explore the possibility of using remote-sensing methods and GIS to enable management decisions to be 

made in real time during the growth of the crop 
❖ To determine the potential economic and environmental benefits of using precision farming technology in 

cropping system. 
 
Need of precision farming 
❖ To increase production efficiency 
❖ To improve product quality 
❖ Use of chemicals more efficiently 
❖ Energy conservation 
❖ To increase input use efficiency 
❖ Soil and ground water protection 
❖ Improve soil structure 

Components of precision farming 
❖ Information or data base 
❖ Soil: Soil Texture, Structure, Physical Condition, Soil Moisture; Soil Nutrients, etc. 
❖ Crop: Plant Population; Crop Tissue Nutrient Status, Crop Stress, Weed patches (weed type and intensity); 

Insect or fungal infestation (species and intensity), Crop Yield; Harvest Swath Width etc. 
❖ Climate: Temperature, humidity, rainfall, solar radiation, wind velocity, etc. 
 
Tools of precision farming:-. 

1. Global Positioning System (GPS) receivers: GPS provides continuous position information in real time, 
while in motion. Having precise location information at any time allows soil and crop measurements to be 
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mapped. GPS receivers, either carried to the field or mounted on implements allow users to return to 
specific locations to sample or treat those areas. 

2. Geographic information systems (GIS): Geographic information systems (GIS) are computer hardware and 
software that use feature attributes and location data to produce maps. An important function of an 
agricultural GIS is to store layers of information, such as yields, soil survey maps, remotely sensed data, 
crop scouting reports and soil nutrient levels. 

3. Remote sensing: It is the collection of data from a distance. Data sensors can simply be hand-held devices, 
mounted on aircraft or satellite-based. Remotely-sensed data provide a tool for evaluating crop health. 
Plant stress related to moisture, nutrients, compaction, crop diseases and other plant health concerns are 
often easily detected in overhead images. Remote sensing can reveal in-season variability that affects crop 
yield, and can be timely enough to make management decisions that improve profitability for the current 
crop. 

4. Variable Rate Applicator: The variable rate applicator has three components: 
a) Control computer  
b) Locator  
c) Actuator 

 

The application map is loaded into a computer mounted on a variable-rate applicator. The computer uses the 
application map and a GPS receiver to direct a product-delivery controller that changes the amount and/or kind of 
product, according to the application map. Combine harvesters with yield monitors: Yield monitors continuously 
measure and record the flow of grain in the clean grain elevator of a combine. When linked with a GPS receiver, 
yield monitors can provide data necessary for yield maps. 
 

Management 

• Information management: The adoption of precision agriculture requires the joint development of 
management skills and pertinent information databases. A farmer must have clear idea of objectives of precision 
farming and crucial information necessary to make decisions effectively. Effective information management 
requires many more than just keeping analysis tools. It requires an entrepreneurial attitude toward education and 
experimentation. 

• Decision support system (DSS): Combination of information and technology into a comprehensive and 
operational system gives farmers a decision to treat the field. For this purpose, DSS can be developed, utilizing GIS, 
agronomic, economic and environmental software, to help farmers manage their fields.  Identifying a precision 
agriculture service provider: It is also advisable for farmers to consider the availability of custom services when 
making decisions about adopting precise/site specific crop management.Purchasing the equipments and learning 
the necessary skills for precision farming is a significant up-front cost that can not be affordable for many farmers. 
 

Steps in precision farming 
1.  Identification and assessment of variability 

 

• Grid soil sampling: Grid soil sampling uses the same principles of soil sampling but increases the intensity 
of sampling compared to the traditional sampling. Soil samples collected in a systematic grid also have location 
information that allows the data to be mapped. The goal of grid soil sampling is to generate a map of 
nutrient/water requirement, called an application map. 

• Crop scouting: In-season observations of crop conditions like weed patches (weed type and intensity); 
insect or fungal infestation (species and intensity); crop tissue nutrient status; also can be helpful later when 
explaining variations in yield maps. Use of precision technologies for assessing variability: Faster and in real time 
assessment of variability is possible only through advanced tools of precision agriculture. 
 

2. Management of variability 
Variable rate application: Grid soil samples are analyzed in the laboratory, and an interpretation of crop input 
(nutrient/water) needs is made for each soil sample. Then the input application map is plotted using the entire set 
of soil samples. The input application map is loaded into a computer mounted on a variable-rate input applicator. 
The computer uses the input application map and a GPS receiver to direct a product-delivery controller that 
changes the amount and/or kind of input (fertilizer/water), according to the application map. 
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3. Yield monitoring and mapping:  
Yield measurements are essential for making sound management decisions. However, soil, landscape and other 
environmental factors should also be weighed when interpreting a yield map. Used properly, yield information 
provides important feedback in determining the effects of managed inputs such as fertilizer amendments, seed, 
pesticides and cultural practices including tillage and irrigation. Since yield measurements from a single year may 
be heavily influenced by weather, it is always advisable to examine yield data of several years including data from 
extreme weather years that helps in pinpointing whether the observed yields are due to management or climate-
induced. Quantifying on farm variability:Every farm presents a unique management puzzle. Not all the tools 
described above will help determine the causes of variability in a field, and it would be cost prohibitive to 
implement all of them immediately. An incremental approach is a wiser strategy, using one or two of the tools at a 
timeand carefully evaluating the results and then proceeding further. 

Flexibility: All farms can be managesd precisely. Small scale farmers often have highly detailed knowledge 
of their lands based on personal observation and could already be modifying their management accordingly. 
Appropriate technologies here might take this task easier or more efficient. Larger farmers may find the more 
advanced technologies necessary to collect and properly analyse data for better management decisions. 

Advantages of precision farming 

• Overall yield increase 

• Efficiency improvement 

• Reduced production costs 

• Better decision making in Agricultural management 

• Reduced environmental impact 

• Accumulation of farmer’s knowledge for better management with time 

Drawbacks of Precision Farming 

• High costs 

• Lack of technical expertise knowledge and technology 

• Not applicable or difficult/costly for small land holdings 

• Heterogeneity of cropping systems and market imperfections 

Scope of precision farming in India 
➢ The concept of precision farming is not new for India. Farmers try their best to do the things for getting 

maximum possible yield with information and technologies available to them but unless & until total 
information about his field and advanced technologies are available, they cannot do precision farming in 
perfect sense. 

➢ In India, major problem is the small field size. More than 58 percent of operational holdings in the country 
have size less than 1ha. 

➢ Only in the states of Punjab, Rajasthan, Haryana and Gujarat more than 20 per cent of agricultural lands 
have operational holding size of more than four hectare. 

➢ When contiguous fields with the same crop are considered, it is possible to obtain fields of over 15 ha 
extent in which similar crop management are followed. Such fields can be considered for the purpose of 
initiating the implementation of precision farming. Similar implementation can also be carried out on the 
state farms. 

 
There is a scope of implementing precision agriculture for crops like, rice and wheat especially in the states 

of Punjab and Haryana. Commercial as well as horticultural crops also show a wider scope for precision 
agriculture in the cooperative farms. Nearly two-third arable land in India is rain-fed. The crop yields are very 
low (≈1t ha-1) and very good potential exists for increasing productivity of rain-fed cropping systems. 
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