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Alternative Splicing 

Alternative RNA splicing is a mechanism that allows different protein products to be produced from one 

gene when different combinations of introns, and sometimes exons, are removed from the transcript. This 

alternative splicing is not having at specific principle, but more often it is controlled and acts as a 

mechanism of gene regulation, with the frequency of different splicing alternatives controlled by the cell as 

a way to control the production of different protein products in different cells or at different stages of 

development. Alternative splicing is now understood to be a common mechanism of gene regulation in 

eukaryotes; according to one estimate, 70 percent of genes in humans are expressed as multiple proteins 

through alternative splicing. 

Types of Splicing 

Constitutive Splicing: Constitutive splicing is the general RNA splicing mechanism. It is the process of 

removing introns from the pre-mRNA, and joining the exons together to form a mature mRNA. 

Alternative splicing: Alternative splicing, or alternative RNA splicing, or differential splicing, is an 

alternative splicing process during gene expression that allows a single gene to code for multiple proteins. 

In this process, particular exons of a gene may be included within or excluded from the final, processed 

messenger RNA (mRNA) produced from that gene. Consequently, the proteins translated from 

alternatively spliced mRNAs will contain differences in their amino acid sequence and, often, in their 

biological functions. 

There are five basic modes of alternative splicing. They are the exon skipping or the cassette-type 

alternative exon, mutually exclusive exons, alternative 3’ splice site, alternative 5’ splice site, and intron 

retention. 

 

Exon skipping or cassette exon: in this case, an exon may be spliced out of the primary transcript or 

retained. This is the most common mode in higher eukaryotes. 
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Mutually exclusive exons: One of two exons is retained in mRNAs after splicing, but not both. 

Alternative donor site: An alternative 5' splice junction (donor site) is used, changing the 3' boundary of 

the upstream exon. 

Alternative acceptor site: An alternative 3' splice junction (acceptor site) is used, changing the 5' 

boundary of the downstream exon. 

Intron retention: A sequence may be spliced out as an intron or simply retained. This is distinguished 

from exon skipping because the retained sequence is not flanked by introns. If the retained intron is in the 

coding region, the intron must encode amino acids in frame with the neighbouring exons, or a stop codon 

or a shift in the reading frame will cause the protein to be non-functional. This is the rarest mode in 

vertebrates and invertebrates. 

Alternative promoters: An alternative promoter is used as a part of alternative splicing. This is most 

frequent in mammals. 

Alternative Poly A: An alternative poly A is used as a part of alternative splicing. This is less frequent 

in mammals. 

Sex-Specific Alternative Splicing 
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Pre-mRNAs from the D. melanogaster gene sxl contain some exons. In males, exons 1,2,3,4,5 and 6 are 

joined to form the mRNA, which encodes a transcriptional regulatory protein required for male 

development. In females, exons 1,2,4 and 5 are joined, and a stop codon in exon 3 causes alternative splicing 

of the mRNA at that point. The resulting mRNA is a transcriptional regulatory protein required for female 

development. 

Trans Splicing 

The mRNAs are constructed by splicing together separate RNA molecules, called “Trans- Splicing”. It leads 

to production of different isoforms and increases the diversity. 

 

Consequences of Alternative Splicing 

1. Increases the diversity of an organism’s transcriptome and proteome. 

2. It regulates the transcript levels by producing unstable mRNA isoforms and alternate functional mRNAs. 

3. mRNA isoforms may differ in the untranslated regions (UTRs) with functional implications in transcript 

localization, stability or translation. 

4. Increasing the floral activation, increasing fruit size in strawberry and increasing the fitness of the 

plants. 

5. It is known to be involved in the regulation of normal physiological functions as well as pathologies. 

6. It opens up possibilities for adaptation of the new variant to new functions.  

Gene duplication has played an important role in the evolution of new functions in a similar way by 

providing genes that may evolve without eliminating the original, functional protein. 
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Stubble Burning: Impacts and Management Options 
Article ID: 35201 

Sharmistha Pal, Pempa Lamu Bhutia, Manoj Kumar 

 

 

Stubble burning has been recognized as significant contributors of air pollution, causing serious damage to 

human health and environment. Many a times, the haze observed during winter season has been linked to 

stubble burning as it overlaps with stubble burning periods (October-November). Loss of carbon from soil 

due to stubble results in decreased microbial activity, soil nutrient cycling potential and other soil functions 

in long run. Immediately after burning of crop residue the surface soil temperature increases, which kills 

a range of beneficial soil living organisms that participate in nutrient transformation. Long-term and 

repeated residue burning reduces total carbon, nitrogen, especially in surface soil layers. The proper 

management of crop stubbles may provide good economic benefits to the farmers and protect the 

environment. Some of the alternative management options are as follows: 

1. In contrast to burning, the stubbles can be exploited to yield economically valuable and environmentally 

friendly substances such as compost or biochar. Other options are incorporation of the stubble into the soil, 

use of stubble as fuel in power plants, raw material for pulp and paper, or as biomass for biofuel production, 

to generate compost and biochar, packing material for fruits & vegetables, composting and mushroom 

cultivation etc. 

2. Promotion of technologies for optimum utilization and in-situ management of crop residue to prevent 

loss of invaluable soil nutrients and soil health improvement. 

3. Capacity building of various stakeholders and organization of field level demonstrations on management 

of crop residues under different schemes.  

4. Development of machineries for effective utilization of such residues. 

5. There is need for conducting mass scale awareness programs to enlighten the farmers about the 

availability of economically feasible options and the composite effects of stubble burning. 
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Heat Stress - A Calamity Affecting the Flowering and 

Crop Yield 
Article ID: 35202 

B. Rakavi1 
1Senior Research Fellow, Department of Crop Physiology, Tamil Nadu Agricultural University, 

Coimbatore – 641 003, Tamil Nadu. 

 

 

Introduction 

Changing climate and global warming increases the temperature level in the atmosphere. Heat waves are 

increasing with more frequency, durations and intensity due to global warming. These changes can cause 

dramatic impacts in our agricultural field, economy and ecology. Heat stress is defined as the rise in 

temperature beyond a threshold level for a period of time sufficient to cause irreversible damage to 

plant growth and development. Heat stress or High temperature stress has devastating effects on plant 

growth and metabolism, as these processes have optimum temperature limits in every plant species. Heat 

stress during flowering stage or critical growth stages has differential impact on the developing 

reproductive organs and its viability leading to higher yield losses in field crops. 

Crop Phenology 

Heat stress, a major constraint affects the phenology of crop plants that results in loss of yield and 

productivity. Each and all crops require a certain amount of heat units (which is, the thermal time) to reach 

each physiological growth and development stage. A rise in temperature up to 42–45ºC even for the shorter 

period of time may induce forced maturity (Basu et. al., 2016). Heat stress will accelerate flowering time, 

which may cause reproduction to occur before plants accumulate adequate resources (i.e., biomass) for 

allocation to developing seeds. At warmer temperature, plants achieve this requirement earlier, which 

results in enhancement of physiological development followed by shortened time to flowering phase and 

accelerating the ending of crop cycle with less accumulation of assimilates in grains and pods. Heat stress 

affects the phenophases of all the cereals, pulses and other crops and results in early flowering and 

advanced fruit set with less fertility co-efficient. 

Floral Biology 

Heat stress impairs the growth of male and female structures and results in asynchrony between male and 

female reproductive development. Heat stress can shorten the period of time in which the stigmas in the 

flowers are receptive to pollen, and thereby decrease the chances for a successful fertilization. Also defects 

in the structure and function of parental tissues (i.e., corollas, carpels, and stamens) were higher. Heat 

stress can reduce the number of ovules, decrease the size of pollens, and cause deformity of floral organs 

and structures. Heat stress has several major effects on reproductive tissues that contribute to poor seed 

set, yield and productivity. This is mainly due to 

1. Advanced or delayed flowering. 

2. Asynchrony of female and male reproductive development. 

3. Defects in parental tissue. 

4. Impaired growth of male, female gametes. 

Reproductive processes, particularly those of micro sporogenesis and megasporogenesis, pollination, 

anthesis, pollen tube growth, fertilization and early embryo development are all highly susceptible to heat 

stress. Disruption or failure of any of these processes decreases fertilization, pollination or increases early 

embryo abortion, leading to a reduced number of grains and results in yield loss. Reduction in the number 

of ovules is another strong determinant of seed yield (Suresh and Dingra, 2005). In many cereals, heat 

stress during the period of microspore meiosis can induce tapetum degradation. This degradation of the 

nutritive tissues of the tapetum will leads to pollen sterility.  

Heat stress causes decreased pollen germination by degrading tapetal cells, as well as programmed cell 

death. Also induces leaf senescence, pollen sterility and causes failure of anthesis. Heat stress cause poor 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/growth-development-and-aging
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anther dehiscence characterized by closure of the locules, which reduces the pollen dispersal. Flowering 

phase includes functioning of flowers to achieve pod set/seed set/fruit set, which gets disrupted by heat 

stress, mainly due to loss of viability of pollens, pollen germination, poor anther dehiscence, landing of 

pollen on stigma surface and subsequent germination through style etc. (Kaur et. al., 2015). The stigmatic 

surface also loses receptivity coupled with poor ovule viability and germination under heat stress. Exposure 

to heat stress during flowering period and critical growth stages results in pollen sterility and loss of seed 

set in many pulses. Understanding the flowering pattern and pollen biology are important for the selection 

of heat tolerant genotypes. Therefore, studying reproductive stage during heat stress appears to be a crucial 

target for developing heat tolerant varieties. 

Flower Production and Shedding 

Flower shedding is very common and the extent of flower shedding will be increased under heat stress. At 

the time of reproduction, even a shorter period of heat stress can reduce floral bud numbers and increase 

flower abortion, although variation in sensitivity and tolerance capacity within plant species, among plant 

species and their genotypes exist. Reproductive tissues and their functions are highly sensitive to heat 

stress and a few degrees of temperature elevation during flowering can result in the loss of entire grain 

crop cycles. For example, the flowers in most of the pulse crops are borne in clusters of 10–20 in axillary or 

terminal racemes and appear in different flushes. Under normal situations, plants shed large number of 

flowers, which is aggravated under heat stress leading to substantial loss of potential pods, the same 

followed for cereals and other crops. The high percentage of flower abscission in cereals and legumes is due 

to the peak high temperature during anthesis time. Most of the flowers, flower buds are failed to grow 

because of less carbohydrates availability and reduced metabolic activities to carry out the flower growth 

and development. Thus, they are dried up rapidly under heat stress and results in higher shedding and 

less flower production. 

Impact of Heat Stress on Yield Traits 

Yield and yield components in stress conditions remain, however, the most effective tools for stress 

evaluation. Among the different growth stages, reproductive stage is most sensitive to heat stress, resulting 

in loss of flowers, flower buds, pods and seed yield. Yield is mainly determined by the fertilization, flowering 

process and the number of ovules to achieve higher seed set. Heat stress targets the critical growth stages 

like flowering in most of the field crops and impairs the development of reproductive process and results in 

more yield loss. Also, heat stress influences yield through seed numbers by influencing pollen or ovule 

function, which results in lower seed-set. Heat stress directly influences seed fill duration by decreasing 

the grain fill duration, leading to smaller seed size and lower yields. 

Conclusion 

Heat stress, is the existing and upcoming calamity that is going to reduce the yield of many field crops. By 

affecting the growth of reproductive parts and its development, the loss of yield along with less fertility co-

efficient is increasing. Hence, unraveling the floral traits response to heat stress is essential to sustain the 

crop productivity. 
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1. Basu P.S., Ummed singh S., Anil kumar R.K., Praharaj, and Shivran., (2016). Climate change and its mitigation strategies in 
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Zinc (Zn) is one of the most important micronutrients and deficient in several regions of India. The 
deficiency of zinc micronutrient heavily affects the quality and productivity of vegetable crops. Hence, 
correction of Zn deficiency may have a remarkable effect on yield and quality of vegetables. Selection of 
right fertilizer source, fertilizer application at right dose, application by right method at right time 
application and maintain a proper balance of Zn micronutrients with other nutrients in soil are the major 
strategies to harness higher yield and better quality of vegetables. Severely eroded soils are more 
vulnerable to be zinc deficient than well managed soils. The sandy, sandy loamy soils are more likely to be 
zinc deficient than silty or clayey soils. Under dryland agricultural conditions, decreased moisture content 
in surface layer may induce Zn-deficiency. Visible zinc deficiency symptoms for many vegetable crops are 
interveinal chlorosis, yellowing starting from apex of the leaf and continuing towards leaf margin, stunted 
plant growth, smaller leaf size, reduction in leaf number etc. There are four classes of Zn sources such as 
inorganic, synthetic chelates, natural organic complexes and inorganic complexes. The inorganic sources 
are sulphate, chloride, carbonate and oxides of Zn. Among all these sources, sulphate is the most widely 
used source of Zn. Now a days, ZnO is receiving some attention because of its high Zn content and especially 
in the context of making zincated urea fertilizer. Methods of Zn application to crops include soil application, 
foliar application, dipping roots of seedlings of transplanted crops in Zn solution etc. Zinc deficiency in 
vegetable crop is increasing with intensive cultivation of crops. It is very important to identify the zinc 
deficient soils and regions and managing the problems by applying adequate amount of zinc fertilizer. 
Therefore, well planned, systematic and focused strategy is to be developed to suggest best management 
method for enhancing zinc use efficiency. Simultaneously, extension approaches to be focused on creation 
of awareness about the use of zinc micronutrient among farmers. 
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Ginger (Zingiber officinale) is one of the oldest known spices in the world. India contributes the major share 

of ginger production in the world and it ranks first among dry ginger producers also. West Indies, Brazil, 

China, Japan and Indonesia are other major producers of ginger in the world. India has high esteem in the 

global market because of its characteristic lemon like flavour. In India, ginger is being grown in area of 175 

thousand hectares with the production of 1868 Thousand MT and productivity 10.67 MT/ha. (Spices Board 

India) Ginger is grown widely in Madhya Pradesh, Karnataka, Assam, Orissa, West Bengal, Kerala, 

Himachal Pradesh and Meghalaya in India. In Andhra Pradesh, ginger is being grown in an area of 294 ha 

with the production of 3200 MT and productivity of 10.90 MT/ha.  

Ginger grows well under warm and humid climate and is cultivated from sea level to an altitude of 1500 m 

above sea level. Ginger can be grown both under rain fed and irrigated conditions. The crop performs well 

in a temperature range of 19°C- 28°C and a humidity of 70-90%. For successful cultivation of the crop, a 

moderate rainfall at sowing time till the rhizomes sprout, fairly heavy and well distributed showers during 

the growing period and dry weather for about a month before harvesting are necessary. Ginger thrives best 

in well drained soils like sandy loam, clay loam, red loam or lateritic loam. A friable loam with a pH of 6.0 

to 6.5 rich in humus is ideal. However, being an exhausting crop, it is not desirable to grow ginger in the 

same soil year after year (Rajeev and Lijo, 2015). Coastal districts of Andhra Pradesh have ideal climate 

for the ginger cultivation since ginger requires warm and humid climate. Light rainfall during the sowing 

and throughout its growing period helps in increase in the humidity in the climate and is a favorable 

condition for healthy growth of ginger plants. But it also needs a dry weather about one month before 

harvesting is required for healthy development of ginger rhizomes.  

There is lot of scope for cultivation of ginger as intercrop in Andhra Pradesh since 400 thousand ha of 

mango, 162 thousand ha of oil palm, 100 thousand ha of coconut gardens, 60 thousand ha of banana, 20 

thousand ha of papaya is being cultivated in A.P. In all these perennial crops, ginger can be grown as 

intercrop and farmers get more benefit by cultivating ginger as intercrop. Tribal area of Visakhapatnam 

also has lot of potential to cultivate ginger as sole crop. 

Medicinal Properties of Ginger 

Due to pandemic covid-19, people are looking for immunity boosters and ginger is one among that. Ginger 

has many medicinal aspects in our daily life. It is used as carminative, pungent and stimulant spice under 

the conditions of indigestion, stomach-ache, malaria, fever, etc. Ginger forms an important part of many 

Ayurveda formulations (Indian system of medicine). The ginger also has pharmacological activities in it 

like anti-inflammatory activity, antioxidant actions, anti-microbial activity, gastrointestinal effect, anti-

obesity activity, anti-tumor effect, anti-diabetic action, etc. So, lot of scope for ginger and ginger processed 

products in India as well as worldwide. 

Ginger Processed Products 

Now a days, the attractiveness of ginger-based products demand increasing day by day due to its 

characteristics flavour and its medicinal values. The most commonly available ginger processed products 

are dry ginger (Sonti), ginger oil, juice, candy, wine, beer, paste, etc. Oil extracted from ginger is used for 

flavouring liquors, soft drinks, culinary products, etc. Oleoresin extracted from the powder is used as a 

substitute in catering industry as it imparts total flavour of the spice. 

Organic Ginger 

In recent years, organic spices have been gaining considerable importance and many farmers are switching 

to this traditional method of cultivation as a means to produce safe food and safe the environment. Organic 
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ginger has great potential to capture the expanding global organic ginger market. As most of the tribal 

areas are having virgin lands without any commercial cultivation and cultivation is practiced under shade 

trees, which are available naturally are very much suitable for organic cultivation. 

Summary 

In Andhra Pradesh, ginger is being grown in an area of 294 ha but there is lot of scope for cultivation of 

ginger as intercrop since in Andhra Pradesh 400 thousand ha of mango, 162 thousand ha of oil palm, 100 

thousand ha of coconut gardens, 60 thousand ha of banana, 20 thousand ha of papaya is being cultivated. 

So, farmers can cultivate ginger as intercrop in perennial crops to double the farmer’s income. 
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Plants 

Physical appearance should be kept in mind while deciding which plant to use for functional and aesthetic 

reasons like, plant height, width of the spread, form and balancing pattern, density, type, colour, texture, 

line, fruiting quality, flowers, flowering time, back characters etc. 

Plants have Various Qualities for which We Use them as Part of Landscape 

1. Plants help in solar radiation. 

2. Plants acts as windbreak. 

3. Soil erosion by carrying the run-off topsoil from slopes. 

Purpose of Plants in Category Wise 

Shade purpose:  Kigellia pinnata, Pongamia pinnata, Tamarindus indica, Azardirachta indica. 

Foliage:  Dracena, Cordyline, Acalypha, Monstera, Philodendron, Coleus. 

Flowering annuals:  Gaillardia, Zinnia, Aster. 

Hedges:  Agave, Thuja, Pedilanthus, Cuperus semipervenses, Bougainvillea. 

Edges:  Alternanthera, Portulaca, Verberna. 

Water 

Special element, interesting element which maintain stability in freeze, evaporate or liquid form. Fine mist 

spray of water fountain, when used along with lightening with reflective quality meets aesthetic needs and 

also at night time, making some noises, creates cooling at vicinity of the area by creating microclimate. 

   
Ponds Streams Fine mist of spray from fountain 

Stone, Bricks, Pebbles 

Stones are used in the form of sculptures and also, they serve as focal point, stone lanterns, stone piling of 

ocean, benches Bricks, are used as edges, paving materials Smooth, round, coloured pebbles used at 

covering material at surface. 

   
Stone focal point Stones as edges Stone benches 
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Smooth, round, coloured pebbles used at covering material at surface 

Wood 

Adds colour and texture to the garden, can be used in structure such as steps and benches, Wood used in 

outdoors require some special treating like painting to avoid decay. Wood chips are used for ground cover 

and filler between plants for moisture retention. 

   
Wooden fence Wood as benches Wood as bridges 

  
Wooden chips as mulching material 

Metal 
Various structures as lamp hosts, trash bins, railing benches etc. are made of different qualities and need 

to be treated before using in the outdoor metals. They can be molded into different patterns used as 

decoration in railways, tree gates etc. 

   
Lamp Hosts Trash Bins Metal as Benches 

Sculptures 

Artistic elements like marble figures, bronze sculptures and stone cravings that add interest to the garden. 

Terracota is used for its colour as it complements the green in the garden. Terracota pots textures are 

commonly used as symbols and idols in the garden. 



 

 
Volume 3 - Issue 12 - December 2021       12 | P a g e  
 

   
Marble figures Bronze sculptures Terracota 
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Instruction 

India currently processes less than 10%¹ of its agri output (only around 2% of fruits and vegetables, 6% of 

poultry, 21% of meat, 23% of marine and 35% of milk) and most of the processing that is done in India can 

be classified as primary processing – done through rice, sugar, edible oil and flour mills etc. However, 

primary processing offers lower value-addition compared to secondary processing that includes processing 

of high value items viz fruits and vegetables, dairy, bakery, chocolates etc. Thus, given the high production 

levels along with low processing current processing rates, the sector presents huge opportunities. 

Growth Rate and Investments 

Riding on favorable policy ecosystem the Food Processing sector has been growing at an Average Annual 

Growth Rate (AAGR) of around 8.41 per cent between FY14 and FY18 and constitutes as much as 8.83 per 

cent and 10.66 per cent of GVA in Manufacturing and Agriculture sector respectively⁵. As per the latest 

Annual Survey of Industries (2016-17) data food processing accounted for n 15.95% of the total number of 

factories n 16.78% of the operational factories n employed 11.36% of the workforce n 14.09% of the output 

Interestingly, food processing ranked number one on all these parameters. Besides being a large sourcing 

hub for agriculture produce, India has the advantage of a large and growing market. Changing consumption 

patterns due to urbanization, changes in the gender composition of work force, and growing consumption 

rates have contributed to the increase in the size of processed food market. 

With these forces in play, going forward the India market size for food is expected to reach USD 544 billion 

by 2020-21 whereas the food industry output is expected to reach US $ 535 billion in 2025-26. Further, 

more than two thirds of our 1.3 billion population are young with growing incomes also create a large 

market for food products. All these factors lead to growing consumption of food which is expected to reach 

US $ 1.2 trillion by 2025-26. Accounting for about 32% of the country’s total food market, the Government 

of India has been instrumental in the growth and development of the food processing industry. The 

government, through the Ministry of Food Processing Industries (MoFPI), is making all efforts to encourage 

investments in the food business. It has approved proposals for joint ventures, foreign collaborations, 

industrial licenses, and 100% export-oriented units. Also, the allocation to food processing ministry has 

been doubled to ` 1400 crore during 2018-19 () NABARD, 2019-20). 

Major Segments of Food Processing 

1. Fruits and Vegetables. 

2. Milk and Milk Products. 

3. Meat and Poultry. 

4. Marine Products. 

5. Grain Processing. 

6. Consumer Food. 

Upstream Requirements 

1. Accessibility to raw materials. 

2. Modern extraction techniques. 

3. Good linkages with farmers. 

4. Storage facilities for raw materials like Grains, Meat, Fish etc. 

5. Quality testing facilities. 

6. Transport facilities. 

7. Workforce. 
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SWOT Analysis of Food Processing Industries in India 

Strengths: Abundant availability of diverse types of raw material and varied agro-climatic zones. Leading 

producer of various agricultural commodities such as milk, fruits and vegetables, marine products, etc. 

Priority sector status for agro-processing given by the central Government. Growing domestic market. 

Proximity to growing international markets like Gulf, Middle East etc. with a sea route.   

Weaknesses: Lack of adequate infrastructural facilities, viz., Power, Road & Rail connectivity, Storage, 

etc. Large number of intermediaries in the supply chain leading to wastage and price rise at each level. 

Capital intensive - High requirement of working capital because of the seasonal nature of raw material. 

Lack of established linkages between R&D labs and the industry.  

Opportunities: Diversification into cultivation of high value agricultural crops by the farmers. Setting up 

of Special Economic Zones (SEZs), Agri-Export Zones (AEZs) and mega food parks for providing the needed 

infrastructure for small scale units. Rising income levels and changing consumption patterns of Indian 

population. Emerging scope for functional foods,geriatric foods, low fat foods, etc. Opening of global 

markets. Rationalisation of food laws and enabling policies of GoI & State Governments for development 

of the sector. Increased demand for ethnic food in most of the countries due to increased NRI population in 

those countries.  

Threats: Preferences for fresh food than chilled or frozen. Competition from other countries / players. 

Four Major Factors Play a Role in the Growth of the Food Processing Sector 

Strong domestic demand: Changing lifestyle and food habits due to increased disposable income. Supply 

side advantages: High level of agricultural production - large livestock base, wide variety of crops, inland 

water bodies and a long coastline, that help increase marine production. Export opportunities: Proximity 

to key export destinations, greater integration with the global economy. Proactive government policy and 

support. 

Emerging Technologies in Food Processing / Food Preservation 

The following are the emerging technologies in food processing / preservation which have great scope for 

future commercial applications in the food processing industry. However, some of the technologies 

mentioned hereunder (e.g., individual quick freezing (IQF), aseptic packaging, canning, controlled 

atmosphere storages, ripening chambers, etc.) are already being established in India commercially and are 

gaining momentum as the modern technologies in food processing / preservation. Higher Income: The 

income of the ordinary working class has been increasing for the past few years, it’s because of wage laws. 

When people have extra money, then they would spend by eating well. More sales mean more profit. 

Financial Support as Foreign Direct Investment (FDI) 

 
Fig. Visit in Spices Possessing Unit at Bhopal 



 

 
Volume 3 - Issue 12 - December 2021       15 | P a g e  
 

100% FDI is permitted under the automatic route in food processing industries. 100% FDI is allowed 

through Government. Approval route for trading (including e-commerce) in respect of food products 

manufactured in India. 100% FDI is allowed for companies undertaking Single Brand Retail Trading in 

India (49% under Automatic route and approval route for beyond 49%). Up to 51% FDI is permitted under 

approval route for Multi Brand Retail Trading with a condition that the minimum amount to be brought-

in as FDI would be USD 100 million and 50% of this amount to be invested in back-end infrastructure. 

The foreign capital invested in India is generally allowed to be repatriated after payment of taxes due, 

except in cases where the sectoral or other conditions specifically mentions non-repatriation. The 

repatriation is governed by the Foreign Exchange Management (Current Account Transaction) Rules, 2000, 

as amended from time to time. 

Other Enabling Support for Investment 

Government of India facilitates the investment in the food processing sector through a number of incentives 

announced from time to time. The major incentives are as under: Income tax relief under sections 80 IB, 

35 AD and 10 AA of Income Tax Act,1961. Exemption of Goods and Services Tax for 45 categories of food 

products and a lower rate of 5% for 49 categories of food products. GST for food processing machinery ranges 

from 5% (machines for cleaning, sorting or grading, seed, grain or dried leguminous vegetables; machinery 

used in milling industry or for the working of cereals or dried leguminous vegetables other than farm type 

machinery and parts thereof), 12% (dairy machinery, milking machines), 18% (machinery for the industrial 

preparation or manufacture of food or drink, other than machinery for the extraction or preparation of 

animal or fixed vegetable fats or oils) to 28% (freezers and refrigerating equipment, etc.). 

National Food Processing Policy 

The objective of policy is to reduce wastage, increase value addition, ensure better prices of farmers while 

ensuring availability and quality produce to consumers. The major highlights of policy is given below: 

Single window clearance system. Promote fruit processing clusters.  Strengthen agriculture marketing 

infrastructure. Facilitation of land allotment. Promote mage food parks/food parks. Support development 

of logistic infrastructure. Compliance with food safety regulatory requirements and Support to business 

units having established backward integration. 

Mega Food Park and their Linkages with FPOs in Promotion of Food Processing Sector 

To successful deal with a range of challenges that confront farmers today, especially the constraint imposed 

by the small size of holdings of small and marginal farmers, member-based Farmers. Producers 

Organizations (FPOs) offer a pathway to access financial and non-financial inputs and services and 

appropriate technologies, reduce transaction so as cost, tap high value markets and enter into partnerships 

with private entities or more equitable terms. The scheme of mega food park aims to create modern 

infrastructure of food processing and to provide a mechanism to bring together farmers, processors and 

retailers and link agriculture production to the market so as to ensure maximizing value addition, 

minimizing wastage, increasing farmers’ income and creating employment opportunity especially rural 

areas. Government has operationalized 42 mega food parks for setting up in the country. 

Issues and Challenges 

1. The following are the illustrative list of issues and bottlenecks for steady growth of food processing sector 

in the country. 

2. Lack of comprehensive national food processing policy leading to inconsistency in Central and State 

policies. 

3. Delays in land acquisition due to requirement of conversion of land use (non-agricultural use permission).  

4. Lengthy procedures for Government clearance - The clearances from Government apartments like 

Municipal/ Town Planning Authorities, Pollution Control Board, State Electricity Department, Boiler 

Inspector, etc. usually delay project implementation. 

5. Dominance of unorganized sector (42%) & small scale (28%) in the food industry operating at low scale 

and high cost of production. 
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6. Organized production of raw materials for processing, leading to low recovery rate, high cost of raw 

materials and low-quality products. Inadequate facilities for mentoring of Start Ups & pilot testing of 

technologies and innovations.  

7. There is also lack of applied research on processes and technology. 

8. High cost of manufacturing and packaging making the products as luxury items and unaffordable to 

common population. 

9. Fluctuation of raw material prices leading to viability issues in food industries. 

10. Sudden rise in the prices of raw materials have resulted in temporary or complete shutdown of food 

factories in the past. 

Conclusion 

After an in-depth study of the swot analysis of the food and beverage industry, we’ve concluded that the 

food and beverage industry is indeed the world’s most profitable business. The pandemic, lockdown, 

inflation, higher interest rate, and healthy diet trends are some of the main challenges. The new food and 

beverage companies should keep these challenges in mind while making any decision. Government Policies. 
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DNA Repair 

Process by which a cell uses a series of enzymes to repair damage in DNA and restore the DNA to its 

original state. 

History - Tomas Lindahl 
Founder of mapping several processes for DNA repair. Worked on RNA molecule, in his experiment he had 

to heat RNA, this inevitably led to molecules rapid degradation. RNA was more sensitive than DNA, but if 

RNA was destroyed so quickly when subjected to heat, could DNA molecules really be stable for a lifetime.  

Later, found that DNA underwent a slow but noticeable decay. Discover a molecular machinery, 

base excision repair, which constantly counteracts the collapse of our DNA. 

Paul Modrich 

He examined a series of enzymes that affect DNA, DNA ligase, DNA polymerase, Dam methylases etc. 

Dam methylase couples’ methyl groups to DNA, that function as signposts, helping restriction 

enzyme to cut DNA strand at correct location. Demonstrated how cells corrects error that occur 

when DNA is replicated, by mismatch repair mechanism. 

Aziz Sancar 

In the 1980s to explain how cells use enzymes to repair damage to DNA from UV rays or other carcinogens, 

through a system called nucleotide excision repair. 

When bacteria are exposed to deadly doses of UV radiation, they can suddenly recover if they are 

illuminated with visible blue light 

DNA Repair Mechanisms in E. coli 
Light-dependent repair (photo-reactivation) 

1. Excision repair. 

2. Mismatch repair. 

3. Post-replication repair. 

4. Error-prone repair system (SOS response). 

Photoreactivation – The First DNA Repair Mechanism 

It pointed that existence of a light dependent cellular mechanism that could correct UV-induced cellular 

damage, called photoreactivation. R. Setlow discovered first as a general mechanism in 1964. T- Phage host 

cell reactivation. 

UV Light-Dependent Repair 
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No endonuclease, no Polymerase, No ligase. 

Excision Repair (Steps) 

1. A DNA repair endonuclease or endonuclease-containing complex recognizes, binds to, and excised the 

damaged base or bases. 

2. A DNA polymerase fills in the gap, using the undamaged complementary strand of DNA as a template. 

3. DNA ligase seals the break left by DNA polymerase. 

Types of Excision Repair 

1. Base excision repair pathways remove abnormal or chemically modified bases. 

2. Nucleotide excision repair pathways remove larger defects, such as thymine dimers. 

Base Excision Repair: Apyrimidinic (AP) 

 

 

Nucleotide Excision Repair 

Purified protein Uvr A, B, C. The uvr proteins, singly or inpairs,fail to incise UV-irradiated DNA; but when 

all three are included in the reaction mixture, specific cutting of the UV irridated DNA is observed. 
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Nucleotide Excision Repair in Humans 

1. Similar to E. coli., but it involves four time more protein. 

2. Excisinuclease activity requires at least 17 polypeptides.  

3. Protein XPA recognise and binds to the damaged nucleotides in DNA. 

4. It then recruits the other proteins for excinuclease activity. 

5. Excised oligomer is 26- 29 nucleotides long rather than the 12 –mer removed in E. Coli. 

6. Mismatch repair in E. coli - Mismatching or mispairing of G and T. 

(DNA polymerase / exonuclease proofreading activity): 

a. The A in GATC sequences is methylated subsequent to DNA replication 

b. In newly replicated DNA, the parental strand is methylated, but the new strand is not. This 

difference allows the mismatch repair system to distinguish the new strand from the old strand 

c. The mismatched nucleotide is excised from the new strand and replaced with the correct 

nucleotide, using the methylated parental strand as a template. 

Protein Involves in Mismatch Repair in E. coli 

MutS recognizes mismatches and binds to them to initiate the repair process. MutH and MutL join the 

complex. MutH cleaves the unmethylated strand at hemimethylated GATC sequences on either side of the 

mismatch. Excision requires MutS, MutL, MutU (DNA helicase II), and an exonuclease. DNA polymerase 

III fills in the gap, and DNA ligase seals the nick. 

 

Post Replication Repair in E. coli 

A thymine dimer in the template strand blocks replication. DNA Polymerase III restarts DNA synthesis 

past the dimer, leaving a gap in the nascent strand. RecA binds to the single strand of DNA at the gap and 

mediates base pairing with the homologous segment of the sister double helix to fill the gap. DNA 

polymerase fills the gap in the sister double helix, and DNA ligase seals the nick. 

The SOS Response in E. coli 
If DNA is heavily damaged by mutagenic agents, the SOS response, which involves many DNA 

recombination, DNA repair, and DNA replication proteins, is activated. DNA dependent DNA Polymerase 
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V replicates DNA in damaged regions, but sequences in damaged regions cannot be replicated accurately. 

This error-prone system eliminates gaps but increases the frequency of replication errors (Pol II, IV and V 

are low-fidelity polymerases). 

DNA Repair in Plants 

Photoreactivation is the major DNA repair pathway in non-proliferating cells while excision repair 

(nucleotide excision repair and base excision repair) is active in proliferating cells. 

Future Prospects: Need of Producing UVB Tolerant Plants 

Transgenic rice overexpressing genes involved in excision repair or plant-specific DNA repair, and 

measured their tolerance to UV-B. OsUV-DDB2 and OsSEND-1 transgenic lines had higher tolerance to 

UV-B than the wild type. 

Conclusion 

1. DNA molecule has limited chemical stability and subject to spontaneous decay process such as hydrolysis 

and oxidation occur at significant levels in vivo external factor like radiations and genotoxic chemicals will 

further stimulate of DNA damage formation.  

2. Inherent instability of DNA constitutes both an opportunity and threat. 
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Introduction 

Filtration system contains mainly filters that are made of steel, plastic which controls and prevents flow of 

contaminants mixed in the water into the micro irrigation system. Filtration is an important activity to all 

irrigation system. In micro irrigation system it is very much needed to avoid or minimize clogging. 

Filtration prevents solid particles from clogging the emitters or drippers in the water distribution system. 

Proper designed filtration system will extend the life and improve the maintenance of any irrigation 

system. The filtration equipment which are used for micro irrigation is broadly classified in four types: 

1. Screen filter. 

2. Disc filter. 

3. Sand filter. 

4. Hydro cyclone filter. 

Need for a Filter 

1. Filters are important due to small outlets such as spray nozzles, emitters/drippers in micro irrigation 

systems, which are susceptible to clogging. 

2. Clogging of spray nozzles, emitters/drippers reduce system efficiency affecting crop yield and increases 

energy consumption along with maintenance cost of the irrigation system. 

3. Selection of filter depends upon the water quality and pressure required by the irrigation system.  

Classification of Irrigation Water 

S. No. Type Specification Available Salt 

1. Excellent <175 ppm Dissolved salts 

2. Good 175 – 525 ppm Dissolved salts 

3. Permissible 525 – 1400 ppm Dissolved salts 

4. Unsuitable < 2100 ppm Dissolved salts 

Classification of Irrigation Water Quality 

USDA Classification of Irrigation Water Quality 

S. No. Salinity class EC at 25°C (dS/m) Salt concentration (mg/l) 

1. Low salinity < 0.25 < 200 

2. Medium salinity 0.25 - 0.75 200 - 500 

3. High salinity 0.75 - 2.25 500 - 1500 

4. Very high salinity > 2.25 > 1500 

Type of Filters 

There are different types of filters available for the removal of contaminants from irrigation water. 

Selection of a filter depends on the type and number of contaminants present in the irrigation water. 

Screen Filter 

Screen filter is simple and economical filtration device and mostly used for the removal of physical 

contaminants. It is made of metal, plastic or synthetic cloth. Screen filter is recommended for the removal 



 

 
Volume 3 - Issue 12 - December 2021       22 | P a g e  
 

of very fine sand or large-sized inorganic debris. It is normally not effective to use screen filter for the 

removal of heavy loads of algae or other organic material. 

 

Factors for Selecting Screen Filter 

1. Water quality. 

2. Filtration area. 

3. Pressure drop. 

4. Volume of water required to pass through the filter. 

Maintenance of Screen Filter 

Flushing at regular interval is necessary for maintaining the screen filter. It is recommended to flush 

screen filter, when pressure drop is more than 0.5 kg/cm2 between the inlet and outlet. Flushing can be 

done by opening the drain valve, allowing the force of water to flush the dirt through drain valve. It is also 

necessary to clean the screen at periodical interval. The procedure for cleaning is very simple. Open the 

screen filter lid, remove the screen & clean with the help of flowing water by rubbing with cloth or soft 

nylon brush. 

Disc Filter 

Disc filter is hybrid of screen and media filter. Disc filter is good at removing both sand and organic matter 

present in the water. A disc filter consists of a stack of round discs. The face of each disc is covered with 

small grooves of different sizes. The grooves will have a sharp point on the top of each groove. 

 

Because of these grooves, when the discs are staked together, they create tiny spaces between them. The 

water is forced between the discs and the particulates are filtered out because they do not fit through these 

gaps. 

Sand Filter 

Sand filter clean the water by forcing it through a container filled with a small and sharp edged “media” 

normally uniform sized crushed sand. The water passes through the small spaces between the sand grains. 

Filtration media is crushed silica sand / quartz gravel of particle size in the range of 0.7 mm to 1.2 mm. 

Back washing is done to clean the sand filter. 
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Hydro Cyclone Filter 

Hydro cyclone filters are mainly used for removing minute particulates, such as sand present in the water. 

It is most effective when lot of sand is present in the water and don’t allow clogging in the system. The 

water with sand particles enters the filter where it is swirled around the inner surface of cylinder. The 

centrifugal force makes the sand particles to move towards the outer edge of the cylinder. Sand particles 

gradually moves down to a settling tank placed at the bottom. It is used when water is pumped from the 

very deep borewell. This is also known as “sand separators”. 

 

Selection Filter Types Based on Water Source 

S. No. Water Source Recommended filter types 

1. Bore well Screen filter, Hydro-cyclone filter, or Disc filter 

2. Open well/River/ Pond/ 

Lake 

Disc/ screen filter & sand filter or hydro cyclone and sand filter 

To get maximum efficiency and extended life of the micro irrigation system, it is important to prevent or 

avoid, emitter/ dripper, spray nozzles etc. from clogging. Hence, filtration system is the core of micro 

irrigation system. Properly maintained filtration system will ensure maximum efficiency of micro irrigation 

system. 

Reference 
Manual on irrigation filters. 2011. NCPAH, Department of Agriculture & Cooperation, Ministry of Agriculture, GOI, New Delhi 

(NCPAH/TB/2010-11/1). 
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What is Micro Propagation? 

A whole plant can be regenerated from a small tissue or plant cells in a suitable culture medium under 

controlled environment. The plantlets so produced are called tissue culture raised plants. 

Why do Micro-Propagation? 

1. A single explant can be multiplied into several thousand plants in less than a year-this allows fast 

commercial propagation of new cultivars. 

2. Once established, a plant tissue culture line can give a continuous supply of young plants throughout 

the year. 

3. In plants prone to virus diseases, virus free explants can be cultivated to provide virus free plants. 

4. Plant ‘tissue banks’ can be frozen, then regenerated through tissue culture. 

5. Plant culture in approved media is easier to export than are soil-grown plants, as they are pathogen free 

and take up little space.  

Advantages of Micro Propagation 

1. From one-to-many propagules rapidly 

2. Multiplication in controlled lab condition 

3. Continuous propagation year round 

4. Potential for disease-free propagules 

5. Inexpensive per plant once established 

6. Precise crop production scheduling 

7. Reduce stock plant space 

8. Long-term germplasm storage 

9. Production of difficult to propagate species. 

Disadvantages of Micro Propagation 

1. Specialized equipment/facilities are required. 

2. More technical expertise required 

3. Protocols not optimized for all species 

4. Plants produced may not fit industry standards. 

5. Relatively expensive to set up. 

Steps of Micro Propagation 

Micro propagation involved in 5 steps: 

Stage 1: preparative stage (Mother plant selection and preparation). 

Stage 2: initiation of cultures (Initial establishment of aseptic culture). 

Stage 3: multiplication of propagules. 

Stage 4: rooting of shoots (Growth and rooting of propagules). 

Stage 5: transplantation (Hardening and transfer to the field). 

Steps Involved in the Invitro Micro Propagation 

Cleaning of glassware 

 
Preparation of nutrient medium 
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Selection and sterilization of explant 

 
Inoculation of aseptic explant in to nutrient medium 

 
Proliferation of shoots on a multiplication medium 

 
Transfer of shoots for sub-culturing 

 
Rooting and hardening of plantlets 

 
Field trials 

Stage 1: Preparative Stage 

This is the initial step in micropropagation and involves the selection and growth of stock plants for about 

3 months under controlled conditions. 

Stage 2: Initiation of Cultures 

In this stage, the initiation and establishment of a culture in a suitable medium are achieved. Selection of 

appropriate explants is important. The most commonly used explants are organs, shoot tips and axillary 

buds. The chosen explant is surface sterilized and washed before use. 

Stage 3: Multiplication of Shoots 

It is in this stage, the major activity of micropropagation occurs in a defined culture medium. Stage II 

mainly involves multiplication of shoots or rapid embryo formation from the explant. A growth chamber 

set at 20–24 °C is used, with a 2000- to 4000-lux light intensity, and a lighting period of 16 hours or so. 

Stage 4: Rooting of Shoots 

This stage involves the transfer of shoots to a medium for rapid development into shoots. Sometimes, the 

shoots are directly planted in soil to develop roots. In vitro rooting of shoots is preferred while 

simultaneously handling a large number of species. 

Stage 5: Acclimatization / Hardening: (Transplantation) 

This stage involves the establishment of plantlets in soil. This is done by transferring the plantlets of stage 

III from the laboratory to the environment of the greenhouse. For some plant species, stage III is skipped, 

and un-rooted stage II shoots are planted in pots or in the suitable compost mix. 

Procedure 

1. Sterilize petri dishes and prepare the laminar flow chamber by disinfecting the internal surface with 

alcohol.  

2. Sterilize the tools with an instrument sterilizer and place them on a sterile dish. 

3. Open the tube, take off the plantlet and place it on a petri dish with the help of forceps. 

4. Remove the leaves and cut the nodes. 

5. Open a tube containing fresh sterile medium and place a node inside, trying to plunge it slightly into the 

medium with the bud up. Close the tube. 

6. Seal the tube with a gas-permeable plastic tape and label it correctly. 

7. It is recommended to place two explants in 16*125 mm tubes, three in 18*150 mm tubes, five in 25*150 

mm tubes and 25-30 in magenta vessels. 

Applications of Tissue Culture 

1. Embryo culture                                        

2. Meristem culture 

3. Micro propagation 
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4. Somatic embryogenesis and organogenesis 

5. Soma clonal variation and in vitro selection  

6. Another culture haploid and diploid production 

7. Protoplast culture and Germplasm preservation. 

Micro Propagation Technology Developed for Some Horticultural Crops in India 

Sl. No Crop Institutes 

01. Annona IIHR, Bangalore; BARC, Mumbai 

02. Banana IIHR, Bangalore; NCL, Pune. 

03. Citrus NBRI, Lucknow; NRC, Nagpur. 

04. Grape IARI, New Delhi. 

05. Guava GBPUAT, Pantnagar. 

06. Papaya IARI, New Delhi. 

07. Pine apple BARC, Mumbai. 

08. Straw berry               TERI, New Delhi. 
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Packaging plays very important role in handling, marketing and consumption of the produce and products, 

protects the quality during the storage and transport, keeping in retail and storage with the consumer. 

Packaging of mushrooms from the production site up to the consumer including packaging for export 

market is an important aspect of post-harvest handling. Generally, the see-through packaging increases 

the consumer confidence in the product. If the packaging and storage is not done properly, mushrooms not 

only deteriorate in their saleable quality but also in nutritional quality due to enzymatic changes. The 

mushrooms are packed for transporting them to the market. While a good package sells a product, a 

mediocre package can interfere with sale of an otherwise excellent product. For the local markets in India, 

mushrooms are packed in retail packs of 200g or 400g in simple polythene packs of less than 100-gauge 

thickness. Large quantity packing of mushrooms is done using polythene or pulp-board punnets, which will 

withstand long distance transport. These punnets are over- wrapped with differentially permeable PVC or 

polyacetate films. These over- wrappings help in creating modified atmosphere in punnets with 10% CO2 

and 2% O2 and mushrooms maintain their fresh look for 3 days at 180C. 

Packing of Button Mushroom 

These can be packed with or without washing. The washing can be done by using plain water, KMS solution 

or Citric acid solution. Packing can be done in perforated polythene of 200 g or 500 g packs. Unwashed 

mushrooms generally packed in the plastic boxes/trays of 200 g capacity.  

Packing of Oyster Mushroom 

Packed in polythene bags of less than 100-gauge thickness with perforations having vent area of about 5%. 

Though these perforations cause slight reduction in weight during storage, it helps in maintaining the 

freshness and firmness of the produce. Rough handling should be avoided. Storage at very low 

temperatures especially in non-perforated polypacks results in condensation of water increased sliminess 

and softening of the texture. 

Packing of Paddy Straw Mushroom 

These mushrooms are packed in polythene bags. As low temperature storage causes frost injury and 

deterioration in quality therefore, the best way of storage is at 10-150C in polythene bags with perforations. 

Mushrooms packed in bamboo baskets with an aeration channel at the center and dry ice wrapped in paper 

should be placed above mushrooms. 

Packing of Milky Mushroom 

Harvesting, cleaning and packing of milky mushroom is same as button mushroom. 
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Abstract 

Agricultural marketing in common jargon means a series of activities involved in moving the agricultural 

produce from the point of production to the point of consumption. It involves all the activities which creates 

time, place, form and possession utility. As we know that market structure in respect of agriculture has so 

far been lopsided. The present article is about the new market scheme Gramin Agriculture Markets 

(GrAMs). Which is retail agricultural markets in close proximity of the farm gate that promote and service 

a more efficient transaction of the farmers’ produces across the agricultural sub-sectors, by enabling both 

direct sales, between the producer and consumer, and aggregation of small produce-lots for subsequent 

transaction, both of which can occur either physically or online.  

Introduction 

In Budget announcement 2018-19, Government of India has announced to develop and upgrade existing 

22,000 rural haats (markets) into Gramin Agricultural Markets (GrAMs). In these GrAMs, physical 

infrastructure will be strengthened using MGNREGS and other Government Schemes. Further, the 

Government has announced to set up of an Agri-Market Infrastructure Fund with a corpus of Rs. 2000 

crore for developing and upgrading agricultural marketing infrastructure in the 22000 Gramin 

Agricultural Markets (GrAMs) and 585 Agricultural Produce Market Committees (APMCs). 

Ministry of Rural Development (MoRD), Government of India has been developing and up-grading physical 

infrastructure of rural haats under control of panchayat through States / Union Territories through 

Mahatma Gandhi National Rural Employment Guarantee Scheme (MGNREGS) for development of 

GrAMs. Further, in pursuant to the Budget announcement, the Government has approved an Agri-Market 

Infrastructure Fund (AMIF) with a corpus of Rs. 2000 crore with National Bank for Agriculture and Rural 

Development (NABARD) for developing and upgrading agricultural marketing infrastructure in the 

GrAMs and Agriculture Produce Market Committee (APMC) Markets and circulated the Scheme 

Guidelines to the States/Union Territories (UTs). 

Since it is a demand driven scheme from the States/UTs, there is no State-wise and year-wise allocation of 

the fund. The Government of India has already requested States/UTs for submission of proposal for seeking 

assistance under AMIF. Gramin Agriculture Markets Also GrAM is a village level markets in India. There 

are 22,000 such rural agricultural markets, which help farmers in selling their produce locally. These local 

markets, GrAMs, will be linked with the electronic farmer marketplace, eNAMs to sell their produce 

nationally. Through upgrade to GrAM, such unorganized markets which will help farmers to get realize 

and sell best price for produce in the country. 

Gramin Agricultural Markets 

Retail agricultural markets in close proximity of the farm gate, that promote and service a more efficient 

transaction of the farmers’ produce across the agricultural sub-sectors, by enabling both direct sales, 

between the producer and consumer, and aggregation of small produce-lots for subsequent transaction, 

both of which can occur either physically or online. 

With increasing surpluses in case of various agri-commodities, the horizon of marketing has to expand, so 

that production centres and consumption centres are connected efficiently and effectively, such that the 

farmer-producers are able to capture maximum value and garner an optimal share in the final consumers’ 

rupee. The ‘New Market Architecture’ recommended by the Committee on Doubling Farmers’ Income (DFI) 

and adopted by Government is as follows: 
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Source: DFI Committee 

Remarkably, the GrAMs, located at village level, can also initiate and service transactions at terminal 

destinations, and with other primary and secondary markets. The GrAMs would therefore serve as first 

mile facilitators to organise the marketing chain, and are to be kept outside the ambit of APMC. 

GrAMs – Principal Objectives 

They shall facilitate two following activities in principle. 

1. Direct sale: The farmer-producers may offer any of their agri-produce on sale directly to the consumers 

without having to go through the market regulations. The consumer could be a retail purchaser or a bulk 

purchaser (trader, processor, exporter etc); and the sale can occur through a physical negotiation or via an 

online trade platform like e-NAM. The disintermediation of such a transaction will result in transferring 

maximum value to the farmer on his produce. 

2. Aggregation of the lots: The small lots of the farmer-producers can be aggregated through an 

institutional mechanism (like that of FPO, VPO, etc.) for gaining enhanced bargaining power and 

subsequent sale either at the GrAMs via an online trade platform like e-NAM or by availing primary 

preparatory or preconditioning services, such as assaying, cooling, packaging, and transporting from the 

GrAMs to APMC/RMC or any other primary or secondary or terminal wholesale agricultural market. 

Advantages of GrAMs 

The GrAMs shall be organisationally linked to primary wholesale agricultural markets like APMCs/RMCs, 

whether in public or private sector and the two together shall provide a hub and spoke model of agricultural 

market structure. Some of the specific advantages of GrAMs are as follows: 

1. Reduce cost of first mile transportation by offering the farmers a marketing platform in close proximity 

to the farm gates. 

2. Reduce cost of transaction and enable the farmers to gain higher share in the consumers’ rupee by 

facilitating direct sale – both physical and online. 

3. Provide an orderly and transparent system of aggregating the small lots and substitute for the currently 

opaque & informal system of aggregation by the village traders. 

4. Provide small farmers the opportunity to target direct sales at markets of their own volition by providing 

the associated market linkage services. 
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5. Provide greater opportunity for mobilization of farmers through mechanisms like farmer producer 

organisations (FPOs-societies, cooperatives and companies), as well as Village Producer Organisations 

(VPOs). 

6. Offer an integrated platform for purchase of agri-inputs, besides other consumer & white goods. 

Serve as a place for dissemination of new information & knowledge relating to agriculture and other aspects 

of life. 

Conclusion 

Agricultural markets can be expected to support the farmers with the choice to participate directly, locally 

and in other markets, and at a more rational cost of transaction. Through upgrade to GrAM, such 

unorganized markets which will help farmers to get realize and sell best price for produce in the country. 

References 
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Introduction 

Soil-based agriculture is facing some major problems with the advent of civilization, like decrease in per 

capita land availability.  Since, arable land and water have been depleting with rapid urbanization across 

the globe it will be difficult to feed the entire population in near future using traditional soil-based 

agriculture system only. At present scenario, soil-less culture is becoming more pertinent to cope-up with 

these challenges. Soil-less culture is a method in which plants are grown without the use of soil and 

nutrients absorbed by the roots are supplied via the irrigation water. All factors involved in crop nutrition 

are accurately managed i.e., nutrient solution composition, nutrient solution temperature, water supply, 

dissolved oxygen concentration, pH and electrical conductivity of the nutrient solution. If any of these 

factors is under non-optimal conditions, plants may suffer from stress leading to a decline of yields and 

product qualities. In order to specify the range of optimal conditions of a particular crop, a precise diagnosis 

of plant stress caused by an incorrect management of any of above-mentioned factors is needed. 

Different Methods 

Hydroponics: This system work by allowing minute control over environmental conditions like 

temperature and pH balance and maximized exposure to nutrients and water. Hydroponics operates under 

a very simple principle: provide plants exactly what they need when they need it. Various components of 

this system are growing media, air stones, air pumps, net pots. 

Nutrient film technique (NFT): This system suspends plants above a stream of continuously flowing 

nutrient solution that washes over the ends of the plant’s root systems. It is a recirculating hydroponic 

system. Unlike with deep water culture hydroponics, the roots of the plants in an NFT system are not 

immersed in water. Instead, the stream only flows over the ends of their roots. 

Wick system: It is one of the easiest and lowest costing methods of hydroponics. The nutrient solution is 

drawn into the growing medium from the reservoir with a wick. It is recommended to use medium such as 

perlite or vermiculite. Avoid mediums which absorb more water. The drawback of the system is that plants 

with more absorbing capacity use up all the nutrient solution quicker than the wick can resupply it 

Aeroponics: Aeroponics systems suspend plants in the air and expose the naked roots to a nutrient-filled 

mist. Water and nutrients are stored in a reservoir, and then pumped to a nozzle that atomizes the solution 

and distributes it as a fine mist. The mist is usually released from the top of the tower. Aeroponics systems 

use less water than any other form of hydroponics. In fact, it takes 95% less water to grow a crop 

aeroponically than in an irrigated field.  

Aquaponics: Aquaponics is a cooperation between plants and fish and the term originates from the two 

words aquaculture (the growing of fish in a closed environment) and hydroponics (the growing of plants 

usually in a soil-less environment). Aquaponic systems come in various sizes from small indoor units to 

large commercial units. Various components of this system are: rearing tank, settling basin, biofilter, 

hydroponics subsystem, sump. 

Benefits 

1. Fast rate of growth. 

2. Less water requirement. 

3. Decrease in nutrient use. 

4. No dependence on soil fertility. 

https://en.wikipedia.org/wiki/Settling_basin
https://en.wikipedia.org/wiki/Biofilter
https://en.wikipedia.org/wiki/Sump
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5. Require less space. 

6. Free from soil borne diseases. 

Issues 

1. Require technical knowledge 

2. High instalment cost 

3. Great care is required for plant health 

4. Energy inputs are necessary to run the system 

5. Pure water quality is required 

6. Lack of efforts and interest shown by the Government and Institutions. 

Way Forward 

1. Spread awareness among the farmers. 

2. Providing knowledge and skills. 

3. Facilitating sustainable farming. 

4. The Government shall consider these methods as viable alternatives for traditional farming and provide 

assistance in making these techniques affordable to a larger number of farmers. 
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An agronomic investigation entitled as “Effect of different fertilizer levels and humic acid application on 

growth, yield and economics of Chickpea (Cicer arietinum L.)” was conducted during rabi 2020-21 at 

Experimental Farm, Department of Agronomy, College of Agriculture, Latur. The objective of present study 

was to find out the effect of fertilizer levels and humic acid on growth and yield of chickpea and to find out 

the economics of chickpea treatments. 

The experimental site was clayey in texture, slightly alkaline in reaction, soil was low in available nitrogen, 

medium in available phosphorous and high in available potassium. Soil was well drained, with good 

moisture retention capacity. The experiment was laid out in Factorial Randomized Block Design (FRBD) 

with nine treatment combinations, consisting of two factors i.e., different fertilizer levels and humic acid 

application through soil, which included three levels each of different fertilizer levels and humic acid 

application. The different fertilizer levels were 75% RDF (F1), 100% RDF (F2) and 125 % RDF (F3) whereas, 

humic acid levels were 1 kg humic acid ha-1 (H1), 2 kg humic acid ha-1 (H2) and 3 kg humic acid ha-1 (H3). 

The gross plot size of each experimental unit was 5.4 m × 4.5 m and net plot size was 4.8 m × 3.9 m. Sowing 

was done on 08th November, 2020 by dibbling method at spacing 30 cm x 10 cm. The crop was harvested on 

23rd February, 2021. 

The result of the experiment revealed that higher growth and yield attributes, seed yield (3051 kg ha-1), 

straw yield (5819 kg ha-1), GMR (₹ 149499 ha-1), NMR (₹ 102424 ha-1) and B:C ratio (3.18) was observed 

with the application of 125% RDF (F3). Higher growth and yield attributes, seed yield (3025 kg ha-1), straw 

yield (5768 kg ha-1), GMR (₹ 148225 ha-1), NMR (₹ 100427 ha-1) and B:C ratio (3.10) was observed with the 

application of 3 kg ha-1 humic acid (H3). In case of seed yield and net monetary returns (₹ ha-1), application 

of 125 % RDF and 3 kg ha-1 humic acid performed better. 

(Keywords: Chickpea, RDF, humic acid, growth, yield, economics). 
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Introduction 

Fruit cracking is a physiological disorder commonly observed in horticultural crops such as pomegranate, 

citrus, mango, grapes, apricot, litchi, cherry, apple, and nectarine. The average loss of fruit cracking ranges 

from 50 - 85%. All cracked fruits lose their value for the fresh market and are used for processing only 

(especially for fruit juice) if they are not affected by fungus. 

Fruit cracking is caused due to high moisture, heavy irrigation, or rain after a long dry spell. This fruit 

cracking may be a varietal character or may occur due to factors such as poor soil and orchard management, 

inappropriate irrigation at the maturity stage, light, temperature, and nutrient deficiency. Cracked fruits 

are susceptible to storage diseases, resulting in a lesser shelf-life. 

Types of Cracking 

There are three types of cracking that occur in fruit crops. 

1. Peel cracking. 

2. Star cracking. 

3. Splitting. 

Mechanism of Fruit Cracking 

Fruit cracking takes place when plenty of water is made available to the fruit crops following a prolonged 

drought. During the prolonged drought conditions, both the xylem and phloem get further strengthened by 

losing the ability to divide and enlarge. After a dry spell, the meristematic tissues resume their growth at 

high moisture conditions, but not the xylem and phloem. As a result, the harder tissues get ruptured, 

thereby causing the fruit to crack. In addition, the peel of fruits becomes hard and inelastic due to high 

temperature and low humidity in summer, and the heavy rains during the rainy season accelerate the 

growth and expansion of internal tissues at a faster rate, whereas, the peel remains inelastic. Thus, the 

growth rate of peel is lesser than the growth rate of internal tissues, which leads to cracking of the inelastic 

fruit peel. 

Factors Responsible for Fruit Cracking 

Varietal factors: Different varieties of fruits have a differential response to fruit cracking and thus, 

susceptibility to fruit cracking is considered to be under genetic control. 

Environmental factors: 

a. A general linear increase in cracking with an increase in temperature from 10 to 40ºC. 

b. Prolonged period of high relative humidity (99-100%) 

c. Increased water supply which decreases water loss in the leaves due to saturated relative 

humidity may promote fruit cracking. 

Orchard management: 

a. Heavy rain or irrigation after a prolonged dry spell e.g., lemon, litchi, and cherry 

b. Nutrient deficiency of boron, calcium and excess of N is responsible for cracking in cherry, 

pomegranate, and litchi 

c. Spraying of fruit plants with pesticides has been reported to aggravate fruit cracking in many 

fruits. 



 

 
Volume 3 - Issue 12 - December 2021       35 | P a g e  
 

d. Surfactants, like Tween-20, often used with herbicides, fungicides, or insecticides as emulsifying, 

dispensing, and spreading agents usually cause increased uptake of water and thereby aggravate 

fruit cracking. 

Hormonal factors: Hormones also play a vital role in the cracking of fruits in different fruits crop (Figure). 

 
Figure: Reproduced from Butani et al. (2019) 

Fruit Characteristics 

1. Over maturity of fruits leads to cracking of fruit epidermis e.g., Grapes 

2. Generally larger fruits are more prone to cracking than the smaller e.g., Cherry Pomegranate, Peach 

and Nectarine. 

3. Firm fleshed fruits with thick cutin are more susceptible to fruit cracking than soft fleshed fruits. 

Measures to Reduce the Cracking Incidence in Fruit Crops 

1. The most effective way to avoid fruit cracking is to grow highly resistant cultivars. 

2. Regular irrigation of water in the orchard maintains moisture percent in fruit.  

3. Mulching helps to conserve and maintain soil moisture thereby reducing the cracking percentage of fruit 

trees. 

4. Foliar spraying of hormones such as NAA and GA3 is recommended in various fruit crops during the fruit 

setting stage to reduce fruit cracking. 

5. Foliar spraying of different nutrient salts such as CuSO4, CaSO4, K2SO4 and ZnSO4 at periodic intervals 

are known to reduce the fruit cracking in various fruit crops. 

6. Application of Anti-transpirants such as glycerin and wax line which check transpiration or loss of water 

through the leaf surface or plant surface by stomata also has some effect on reducing fruit cracking. 

Conclusion 

It can be concluded that fruit cracking severely affects the quality of fruit production. Fruit cracking is 

controlled by different methods in different fruit crops viz. application of water through the drip, use of 

mulches, fertilizer management, use of resistant cultivars, spraying of nutrients and growth regulators and 

bagging with timely harvesting is beneficial in reducing fruit cracking. 

 
Picture: Reproduced from Abdelfatah, 2015 (Pomegranate) 
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Picture: Reproduced from Saran et al., 2015 (Mango) 

References 
1. Butani, A.M., Purohit, H.P., Solanki, R., Mishra, R. and Dadhaniya, D., (2019). A Chronic Problem of Fruit Cracking in Fruit 

Crops: A Review. Acta Scientific Agriculture, 3(4): 270-274. 

2. Abdelfatah, M., (2015). Response of pomegranate trees (Punica granatum L, cv. Mollar de Elche) to deficit irrigation at 

different phonological stages. Geography (Corpus ID: 131149703) 

3. Saran, P., Kumar, R., Ercisli, S. and Choudhary, R., (2015). Fruit cracking in Mango (Mangifera indica L.) cv. ‘Dashehari’. 

Erwerbs-Obstbau 57: 93-96. 

  



 

 
Volume 3 - Issue 12 - December 2021       37 | P a g e  
 

General Characteristics of Bougainvillea for 

Landscaping 
Article ID: 35215 
Shailja Gautam1 

1Department of Agricultural sciences and Engineering, IFTM University Moradabad. 

 

 

Introduction 

Bougainvillea is a very popular evergreen landscape plant in tropical and subtropical areas. Bougainvillea 

plant is a powerhouse bloomer that covers itself in bright colour for most of the growing season. 

Bougainvillea genus have about 18 species of shrubs, vines or small trees, belonging to the four-o’clock 

family i.e, Nyctaginaceae which is native to South America. In those species many species are thorny. Only 

the woody vines have attained wide popularity, several species have produced very showy cultivated 

varieties, which are often grown indoors & in conservatories. The vine species of bougainvillea grow 

anywhere from 1 to 12m tall, scrambling over other plants with their spiky thorns. Bougainvillea can also 

be grown in hanging baskets in well-drained soil. The plant must get full sun & little water. Bougainvillea 

can grow upto a height of 7m and spread upto 20 feet. 

 
Source: My Home 

Importance 

Traditionally bougainvillea flowers, has been used for medicinal purposes. We can steep dried or fresh 

flowers and bracts in boiled water, and drink them as a tea. Since bougainvillea has antipyretic effects, 

consumption of tea made from its flower can be an effective remedy for reducing fever. Regular consumption 

of tea made from purple bougainvillea flowers can help clean out our body. It effectively removes toxins 

and other harmful material from our body which are caused by exposure to pollution and unhealthy diet. 

Bougainvillea can be used for controlling diabetes. It can prevent blood sugar levels from spiking thus 

making it beneficial for people with diabetes. It has an expectorant property that helps get rid of mucus 

from the respiratory tract thereby boosting cough recovery. Bougainvillea can provide help in the treatment 

of the serious disease like hepatitis. Due to its anti-inflammatory properties, these flowers can help in 

dealing with inflammation caused by joint pain and swollen joints. It can effectively ease pain by reducing 

inflammation. 

Use in Landscaping 

Bougainvillea are popular ornamental plants in most areas with warm climates. Using bougainvillea in 

landscaping enhance the beauty of the area and look more attractive. 

1. House plant/Hanging baskets: They can be used as a houseplant or hanging basket in cooler climates. 

In the landscape, it makes an excellent hot season plant and its drought tolerance makes it ideal for warm 

climates year-round. 
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Source: http://balconygardenweb 

2. Flowerbeds: Bougainvillea can be grown as in flower beds. 

 
Source: http://balconygardenweb 

3. Shrub: Bougainvillea can be grown as shrub. 

 
Source: http://balconygardenweb 

4. Pot Plant: Bougainvillea is known for best pot plant. 

 
Source: http://balconygardenweb 

5. Climber: Bougainvillea can be grown as a climber on the rooftop in a large pot and support it with a 

sturdy trellis. 

http://balconygardenweb/
http://balconygardenweb/
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Source: http://balconygardenweb 

6. Pergola plant: Bougainvillea is undoubtedly one of the best pergola plants. 

 
Source: http://balconygardenweb 

Soil & Climate 

Bougainvillea required high light intensity for good flowering. Low light and shady areas are not suitable, 

as the plant will drop their bracts. Bougainvillea does best at elevation from 10-2500 feet. It grows well in 

rich, well drained, acidic (pH 5.5-6.0) soil, it does not thrive in soil that is constantly wet. Proper soil pH is 

essential because it affects the availability of minerals element. A soil pH above 6.0 increases the possibility 

of micro nutrient deficiencies, particularly iron. Bougainvillea is drought tolerant, salt tolerant, and wind 

resistant. 

Characteristics 

Flower: The bougainvillea flower is small and smooth & generally white, but each cluster of three flowers 

is surrounded by 3 or 6 bracts with the bright colours associated with plant. The bracts are red, dark pink, 

or purple, white the small flowers are cream coloured. The colourful bracts appear up & down the branches. 

There are many different varieties of bougainvillea with different colour. There are pink, red, yellow, white, 

orange, violet & other rare varieties of bougainvillea. 

 
Source: www.pinterest.com 

http://www.pinterest.com/
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The flower has few petals and sepal below. The petals have a pointed soft tip. Although not technically part 

of the bougainvillea flower, specialized leaves called bracts surrounded the tiny true flowers. The bracts 

are of two types single bract and multi bract. 

1. Single bract: Single bract bougainvillea have flowers. 

 
Source: www.pinterest.com 

2. Multi bract: Multi bract bougainvillea don’t have any flower. 

 
Source: www.pinterest.com 

Branch and Stems 

The branch of the bougainvillea characteristics is hard wood like. When it grows bigger, the stem hardens. 

It is a bush like plant. The branch may feel rough and has a few spots on it. The branch supports the leaves, 

flower, stem, roots. The branch stem characteristics is soft when young & hardens when getting older. The 

stem is soft and colour green when young & turns to brown as it gets old. The stem supports the flower & 

the leaves. 

Leaves 

The leaves of bougainvillea characteristics are also important part. The leaves are small & smooth. The 

leaves are ovate, simple, alternately arranged with leaf stalks about 1 to 2.5 cm long. This part is very 

important because it process & produce foods through the photosynthesis. When the sun hits the leaves, it 

will convert into foods. When plant gets enough sunlight, it will grow better. It will produce green leaves & 

abundant flowers.  

Bougainvillea leaves are classified into two types i.e, green leaves and variegated leaves. 

Green Leaves: This type of leaves is fast growing and beneficial for the treatments like diabetes, hepatitis, 

cough, joint pain, sore throat etc. 

 
Source: www.gardeningknowhow.com 

Variegated Leaves: Variegated leaves of bougainvillea enhance the ornamental value in plant that is 

why variegated bougainvillea are planted. 

http://www.gardeningknowhow.com/
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Source: www.gardeningknowhow.com 

Root 

The roots have a big role to bougainvillea. This is the entrance of all nutrients coming from the soil. The 

fertilizers we applied enter the roots & send it to all parts of plant.  The roots also help the plants to drink 

water. Bougainvillea does not have strong root system. Bougainvillea roots tend to be long and brittle and 

they break easily if the ground they are growing in is disturbed in any way. Bougainvillea roots are also 

extremely sensitive to too much water. 

Taxonomical Classification 

The Bougainvillea genus was first discovered in brazil in 1786 by Louis Antoine de bougainvillea, a French 

navigator. It belongs to genus Bouganvillea and family: Nctaginaceae, Kingdom:Plantae ,Order: 

Caryophyllales. The genus has 18 species i.e, B. glabra, B.  spectabilis, B. peruviana, B. buttiana, B. 

berberidifolia, B. campanulata, B. hezogiana, B. infesta, B. lehmanniana, B. lehmannii, B. malmeana, B. 

modesta, B. pachyphylla, B. pomacea, B. praecox, B. spinosa, B. stipitata, B. trollii. 
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A field experiment entitled “Effect of different nutrient sources on growth and yield of mustard (Brassica 

juncea L.)” was conducted during rabi 2020-2021 at Experimental Farm, Agronomy, Oilseeds Research 

Station, Latur. The objectives of the present study were to study the effect of different nutrient sources on 

growth and yield of mustard and to study the economics of different treatments. 

The soil was clayey in texture, low in available nitrogen, very low in available phosphorus, very high in 

available potassium and alkaline in reaction. The experiment was laid out in Randomized Block Design 

with 8 treatments each with three replications. The treatments were T1 – Control, T2 - RDF + FYM @ 5 t 

ha-1, T3 - RDF + Vermicompost @ 2.5 t ha-1, T4 - RDF + Poultry manure @ 5 t ha-1, T5- RDF + Elemental 

sulphur @ 20 kg ha-1, T6 - RDF + ZnSO4 @ 20 kg ha-1, T7- RDF + FeSO4 @ 20 kg ha-1 and T8 - RDF + Gypsum 

@ 500 kg ha-1. The gross and net plot size was 5.4 m x 4.5 m and 4.5 m x 3.9 m, respectively. Sowing was 

done on 12th November, 2020. The recommended dose of fertilizer was applied as per treatments through 

Urea, DAP and MOP. The crop was harvested on 23rd February, 2021.  

The results of the experiment indicated that combined application of RDF + Vermicompost @ 2.5 t ha-1 (T3) 

observed significantly maximum growth parameters viz., plant height, number of branches, number of 

leaves, leaf area and dry matter and yield and yield attributes viz., number of silique plant-1, length of 

silique (cm), number of seeds silique-1, seed yield plant-1 (g), straw yield plant-1 (g), test weight (g), seed 

yield (kg ha-1), straw yield (kg ha-1) and biological yield (kg ha-1), but statistically remained at par with RDF 

+ FYM @ 5 t ha-1 (T2) and RDF + Gypsum @ 500 kg ha-1 (T8). The application of RDF + Vermicompost @ 2.5 

t ha-1 (T3) recorded the significantly highest oil content. The application of RDF + Vermicompost @ 2.5 t ha-

1 (T3) obtained maximum net returns. Highest B:C ratio was obtained with the application of RDF + 

Vermicompost @ 2.5 t ha-1 (T3). 

(Keywords: Mustard, nutrient sources, RDF, Vermicompost, FYM, Gypsum). 

  



 

 
Volume 3 - Issue 12 - December 2021       43 | P a g e  
 

Purchase Wisely During Festivals 
Article ID: 35217 
Dr Ragini Dubey1 

1Department of Family Resource Management, College of Community Science, CSA Kanpur. 

 

 

Now-a-days, all festivals are being commercialized with the beginning of festival season, markets start 

overflowing with new items for different consumer segments. Heavy discount sales, free gift items and 

attractive specially designed gift packs are offered to lure the customers to buy at increased rates most of 

the gift items available in the market are glittering and overpriced, a very often gifts are purchased in a 

hurry without considering their quality utility and durability. As a result, unwanted gifts items are heaped 

in home. In some gift packs packaging is heavy and usually gets weighed along with the product purchased 

and most times consumers end paying more for the packaging than the actual product. So, be careful while 

purchasing gifts and also try to bring a halt to the useless exchange of such gifts. During festivals, 

manufacturers of equipment also give exchange offers, discounts free gifts and installment purchase offers 

to tempt customers, because of such offers, consumers make purchase of equipment even if it is not of 

immediate use. They do not even look for quality assurance marks guaranty/ warranty and energy 

consumption wise consumers do not allow these tempting offers to determine their choice take right 

decision based on safety, energy consumption, after-sale-service and warranty. Also ask for cash memo, 

which is the only document required for redressal of your complaints.  

Now-a-days crackers are frequently used to express the joys on various occasions like birthdays, marriage 

ceremonies, navratri, birth anniversaries god besides Diwali festival. These cause air and noise pollution, 

causing various health problems and burn injuries. So, we should be sensible in purchasing and bursting 

crackers and use these minimally apart from crackers during festival seasons, we purchase decorative 

lights. These days very cheap ‘Chinese’ light is available. The sellers do not give any guaranty if these do 

not light up properly. But in fact, these are also covered under background commodities rules and the seller 

is fully accountable for any defects, he has to give you a replacement or a refund. All imported packages 

have to mention, the name of the importer and his complete contact details, so that, if necessary, the 

consumer can contact to him too. 

 
People also exchange sweets along with gift and now a day they prefer to buy sweet rather than preparing 

at home due to increase in demand, manufactures produce these ignoring the hygienic requirements and 

they use adulterated khoa ghee, prohibited textiles/ industrial dyes. 

Every year large amount of adulterated khoa and ghee is seized by the food and drug inspectors. Besides, 

the sweet are prepared well ahead of festival to meet the increased demand, so we do not get fresh sweets. 

During festival mostly sweets are sold without labeling and expiry date. Such sweets are injurious to our 

health. So, we should prepare sweets at home or buy from reputed and reliable shops. Sometimes, due to 

alluring advertisements during festivals make purchase beyond our pocket, which disturb our budget for 

remaining months of the year. So, we recommend that consumers should reject the excessive 

commercialization of various cultural festivals. They should be selective and restrictive in purchase of 

expensive card extravagant gifts, sweet and polluting crackers. 
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The increased use of chemical pesticides over the years has resulted in causing deleterious effects on flora 

and fauna viz., earthworms, predatory mites, centipedes and predatory beetles as well as soil 

microenvironment, environment and human health. Some of the insecticides for control of insect pests have 

become ineffective because of the development of resistance. Concerns about the negative effects of chemical 

insecticides have led to emphasis on alternative strategies for pest control. The necessity for sustainable 

crop production through ecofriendly pest management techniques is being oftenly felt in the recent times. 

Microbial pathogens viz., bacteria, fungi, viruses, protozoans and entomopathogenic nematodes play 

important role in safer approaches for pest management due to specificity, mode of action by infecting the 

insects through cuticle, amenability for easy mass production, ease of application, economic viability, 

environmental safety and they are compatible with other methods of pest control and hence fit as 

components of IPM.Among the different entamopathogens, entomopathogenic fungi are often reported for 

causing high level of mortality (epizootics) in nature and they are highly virulent. 

Recently, Nomuraea rileyi has been changed to Metarhizium rileyi based on its morphological and 

molecular characterization by Kepler et al. (2014). 

Among the several existing entomogenous fungi, Nomuraea rileyi is a cosmopolitan species infecting many 

noctuids such as Helicoverpa armigera, Spodoptera litura, Tricoplusia ni, Anticarsia gemmatalis, 

Pseudoplusia and has potential for development into mycoinsecticide (Devi, 1994; Shanthakumar et al., 

2010). N. rileyi is responsible for causing natural mortality in as many as 51 lepidopteran insects 

throughout the world (Lingappa and Patil, 2002). 

N. rileyi is a dimorphic, ubiquitous fungus with hyphal bodies and true mycelial filaments and named 

initially as Botrytis rileyi (Farlow) and later as Spicaria rileyi (Farlow) Charles. The fungus was redescribed 

and placed in the genus, Nomuraea. 

In Andhra Pradesh, there are several reports on occurrence of N. rileyi on lepidopteran caterpillars such 

as S. litura and H. armigera on crops like groundnut, castor, cotton and redgram etc. 

Formulation of biological control agent is an important criterion for sustainable agriculture (Sharma, 

2004). Formulation can improve the product stability and viability may result in consistency of field 

performance of many potential biological control agents. Formulation of biocontrol products has been used 

against insect pests (bioinsecticides), diseases (biofungicides) and weeds (bioherbicides) (Gopalakrishnan 

and Mohan, 2000). Many of the biocontrol agents have been formulated with dried milk, powdered casein, 

gelatin, saponins, oils, soaps, etc. So far as microbial insecticides are concerned, it is essential that the 

compound used should not inhibit the successful establishment of the pathogens (Tincilley et al., 2000). Oil 

based formulation of N. rileyi reduced the pest populations distinctly than other formulations (Devi et al., 

2000). 

Phenotypically, N. rileyi isolates display less variability than other entomopathogenic fungi such as B. 

bassiana and Metarhizium anisopliae. To date, characterization by biological and morphological 

parameters failed to produce information that can readily differentiate strains. For example, plating of N. 

rileyi at different times on the same medium incubated under identical conditions produced variable 

sporulation patterns (Boucias et al., 2000). 

The implementation of PCR based tools for characterization of organisms has greatly advanced on 

understanding of the phylogenetic and species boundaries. The widespread method of PCR for variability 

study was RAPD (Randomly Amplified Polymorphic DNA) (Vargas et al., 2003). 
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Integration of selected strain of entomopathogenic fungi with selective insecticides can improve the control 

efficiency, besides decreased number of insecticides, required it also minimize the risks of environmental 

contamination and delay the expression of insecticide resistance in insect pests (Ambethgar, 2009). 
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Abstract 

Climate smart agriculture (CSA) is essentially required in India to have sustainably increasing agricultural 

production, adaptation and building resilience to climate change and reduction or removal of greenhouse 

gases (GHGs) emissions from agriculture production systems.  There are urgent needs to select species 

capable of resisting specific extreme weather conditions, species with short growing cycles from seed to 

yield and encouraging deeper rooting of crops using conservation agriculture for higher water retention 

and mulching. Crop water productivity is improved by implementing good agronomic management 

decisions and changing cropping patterns according to local weather. 

Introduction 

With the burgeoning population, increasing average income globalization effects and decreasing available 

cultivable land to produce more quantity   quality and nutritious food the pressure on Current Agriculture 

system is surmounting.  Recent total food grain production in the second advance estimates for 2019-20 of 

India was 291.95 million tones.   Indian Council for Agricultural Research (ICAR), demand for food grain 

would increase to 345 million tonnes by 2030. Local climate influences the food production of the country. 

Hence, the adoption of Climate Smart Agriculture (CSA) has much more scope in India where 15 agro-

climatic zones are existing. Climate change affects nutrient mineralisation, reduces fertilizer use efficiency 

(FUE), accelerates the evapo-transpiration   and releases greenhouse gases from soil.  

According to the fourth assessment report of the Intergovernmental Panel on Climate Change, crop yield 

loss as a result of climate change will be more severe in the tropics than in temperate regions. (FAO 2007). 

Long-term responses include redesigning irrigation systems, developing land management systems and 

raising finances to sustain agricultural adoption (FAO, 2005). 

In India, it has been observed that the impact of climate change is directly or indirectly related to crop and 

water continuum   as it influences the water availability, affects microbial population, soil organic matter 

content and thus yield reduction and soil degradation in terms of fertility. In some countries, climate change 

effects were large enough to offset a significant portion of the increases in average yields though these 

countries have advanced technology for production (Lobell et al., 2011). 

Scope of CSA 

According to Lipper et al., (2014) the Climate-smart agriculture (CSA) may be defined as an integrated 

approach for transforming and reorienting agricultural development under the new realities of climate 

change.  Food and Agricultural Organization of the United Nations (FAO) has defined that CSA as 

“agriculture that sustainably increases productivity, enhances resilience (adaptation), reduces/removes 

GHGs (mitigation) where possible, and enhances achievement of national food security and development 

goals”. 

Agriculture currently generates 19–29% of total greenhouse gas (GHG) emissions. Immediate action is 

needed otherwise the percentage could rise substantially as other sectors reduce their emissions. Carbon 

farming is the need of the hour. In addition, post-harvest food losses need to be minimized as the waste is 

critical to helping meet climate goals and reduce stress on the environment. 

The demand for food is increasing as the growing global population and changing diets are driving up. 

Natural resources are depleting at a faster rate and crop production is struggling in many parts of the 

world. A 70.0 percent more food production by 2050 is required to   feed an estimated 9.0 billion people. 

http://www.fao.org/
https://ccafs.cgiar.org/media/press-release/agriculture-and-food-production-contribute-29-percent-global-greenhouse
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Components of CSA 

Towards development and food security, climate-smart agriculture is a unique pathway built on three 

pillars viz; increasing productivity, enhancing resilience of livelihoods and ecosystems and reducing 

greenhouse gas emissions from the atmosphere. Different elements of climate-smart agricultural systems 

include: management of farms, crops, livestock, aquaculture and capture fisheries to balance near-term 

food and livelihood security and mitigation of adverse effects.  Nowadays demand for food is growing 

rapidly, driven by population and economic growth.   At the same time, climate change-and its mitigation 

and adaptation are influencing growing challenges on global and local food security, as well as other areas 

of our lives. Both the direct and indirect   emissions from the agriculture sector are a significant contributor 

to the global greenhouse gas (GHG) balance sheet. 

 CSA must be followed to increase sustainability in agricultural productivity, to adapt and build the 

resilience of agricultural and food security systems to climate change in day-to-day life and to reduce 

greenhouse gas emissions in agriculture, taking into account national and local contexts and priorities. 

Therefore, every climate-smart farmer would incorporate practices like creating farm ponds, bundings, 

trenching for water storage, mulching   practices for conservation of soil moisture, use appropriate organic 

matters, seeds and on-farm inputs and to have better access and control over required water resources. 

Carbon farming via agro-forestry or fruit based multitier cropping systems and even growing green cover 

crops for carbon sequestration in soil. Farmers   adopt zero tillage practices for winter crop cultivation with 

crop residues. Clean cultivation practices may be adopted for wetland crop cultivation to reduce methane 

emission from farm fields. Crop water productivity may be improved by implementing good agronomic 

management decisions and changing cropping patterns according to prevailing weather and environment. 

Agriculture Practices Adopted According to Climate Change Conditions for a 

Sustainable Production System 

The climate change phenomenon greatly influences the agriculture production in India. We are discussing 

cropping adjustments here due to drought and flood regarding the upland of Jharkhand and Bihar and its 

relation to crop growing under climate change scenarios. 

1. There was also a strong need for creating awareness regarding utilization of the vast areas of upland 

with suitable crops according to climatic change conditions e.g., during a drought situation ragi millets 

(Fig-1), b. normal rain the crops are pigeon pea and maize (Fig-1) c. and upland rice (Anjali, Bandana, etc) 

cultivation is comfortable with excessive rain (Fig-3). 

2. It is very essential to renovate the existing water harvesting structures and create new ones for farmers 

to grow even a second crop after rice, like winter vegetables etc. Fruit based multi tier cropping systems 

(fig-4&5) and different agroforestry models in wasteland (upland) with secured water harvesting structures 

like jalkund or doba   are also viable under climate change conditions. Results have been very encouraging 

which need further promotion for long term benefits of farmers and stakeholders thus sustainability of 

existence of flora and fauna. In Bihar zero tillage wheat, lentil or bengal gram, etc. cultivation is good 

practice indeed. No burning of crop residues has a great impact on reduction of CO2 and CH4 in the 

atmosphere. 

3. Carbon Farming: a. Perennial crop cultivation and carbon sequestration at deep soil zones and annual 

crop cultivation with cover crops and b. winter crop cultivation with zero tillage and subsequent carbon 

sequestration at top soil zones are valuable practices that could be adopted in future agriculture. 

4. Effective crop protection measures are needed to cope with the insurgence of severe crop pests and 

diseases due abrupt climate change. 

5. Clean cultivation of aquatic crops like rice, makhana, water chestnut, lotus and fishery and adaptation 

of renewable energy in the form of biogas from agricultural waste. 

6. Applications of renewable energy (solar and wind) in different stages of crop production practices viz; 

irrigation, crop harvesting and food processing could markedly reduce the production cost. 

7. In India, on an average, 30-40% of food produced were being disposed of, amounting to 7.5 tons of food 

are discarded daily. Some 84.7% of the whole waste material recorded was thrown within the bin, whereas 

the remainder was either fed to the poor or some animals. It is necessary that food loss and waste within 
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the food and agriculture sector due to temperature change might be taken care of (AVRIS, 2021).  Food loss 

and waste generate approximately 8.0 % of worldwide greenhouse gas emissions.  On world food day 

October 16th, it was perceived that ‘’Climate is dynamic. Food and agriculture should too”.  For effective 

waste food management multiple measures like recycling by composting, turning wasted food into animal 

feed, using waste food to provide byproducts and source reduction and food donation for poor citizens are   to 

be adopted. 

   

Fig-1 Fig-2 Fig-3 

Upland of Jharkhand in one plot different crops can be selected according to climatic condition: Kharif 

crops a. In drought condition (Fig-1) b. Normal condition (Fig-2) c. In excess rain (Fig-3). 

  

Fig-1 Fig-2 

Establishment of perennial orchard development (Fig-4) and cultivation of cover (fig-5) (Carbon Farming). 

(Photo Courtesy- NAIP BAU BOOK-2014, Author: CCPI of NAIP). 

Conclusion 

Climate Smart Agriculture to reduce GHGs needs urgent attention for developing sustainable farming in 

India. Clean cultivation, carbon farming with involvement of renewable energy in irrigation, harvesting 

and food processing are necessary to reduce production cost which would be eco and farmer 

friendly. Judicious use of   food   may reduce the waste, which is critical to helping meet climate goals and 

decrease stress on the environment. In India, climate smart agriculture could play a vital role to strengthen 

the economy in the Post-Covid pandemic era. 
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Fodder constitutes a major and indispensable portion of animal nutrition. The feed and fodder stuffs used 

for livestock are classified into three categories viz., crop residues, green fodder and concentrates. Besides 

being a major component of animal ration, crop residues such as straw and Stover contribute significantly 

to the available feed and fodder resources in developing countries (Kundu et al., 2005). 

A major challenge in realizing the full potential of available livestock resources in our country is scarcity 

of quality feed and fodder. As per the estimates given by National Institute of Animal Nutrition and 

Physiology the gap between supply and demand of feed and fodder resources in respect of crop residues, 

green and concentrates amounts to 33%, 25% and 47% respectively. 

The growing demand for milk and milk products, which by 2022 is projected to shoot up to 210 million tons 

per annum, necessitates fodder production to reach 1764 million tons per annum by the same year.  

However, the available sources can only manage about 900 million tons of fodder per annum–a deficit of 

49%. In order to mitigate the scarcity of fodder and to ensure its supply in sufficient quantity throughout 

the year, a holistic approach aimed at sustainable development of available resources is needed, so that the 

animal genetic resources available in the country can be utilized to their full potential. 

To enhance the availability of sufficient quantum of quality feed and fodder IGFRI Jhansi has 

recommended optimal use of land resources, increasing production through use of high yielding varieties, 

use of trees, shrubs and grasses for development of pastures, development of short duration dual purpose 

crops which can be used during floods or drought, adopting suitable cropping combinations, improving 

waste lands, silvi-pastoral plantation in degraded lands, creation of fodder banks and strengthening of 

extension activities, to mitigate the shortage of feed and fodder resources. 

Feeding tree foliage to livestock is a wide spread practice prevalent in many countries (Singh and Makkar, 

2002). Besides being nutritious, most of the tree foliages improve rumen functions and microbial yield 

(Leng, 1997). Fodder trees especially mulberry provide an affordable source of fodder for small and 

marginal farmers especially in the hilly regions of the country, besides serving its primary use in silk 

production. 

The potential of tree foliages like mulberry to produce high protein biomass, has led to its integration into 

low quality bulky feed materials to supplement the nutritional requirements of the animals.  Its 

incorporation in livestock ration reduces the cost of production. 

Mulberry is primarily grown for silk production. It grows either as a tree or a shrub and can be lopped more 

than once a year to harvest the leaf crop. In hilly regions the spring crop is used for feeding silk worms and 

summer crop is left as such to be fed upon by animals on lopped tree branches, or as autumn sets in the 

fallen leaves are collected, stored and fed to animals during winters. 

Another practice prevalent in hill regions especially Kashmir is that the lopped mulberry branches with 

intact leaves are made into bundles, also known as Basche locally, sundried and stored for winter feeding 

of animals.  

Mulberry is a perennial fodder tree, which can grow anywhere and can even be used to reclaim waste land. 

It grows naturally mainly through dispersal of seeds by birds and to lesser extent by humans. The plants 

are also propagated through cuttings in order to maintain a true to type population of a particular genotype.   

The plant is resistant to most of the pest and fungal diseases, and grows well even without chemical 

fertilizer supplementation. The fodder so obtained is free of chemical residues which in turn can help in 
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raising organic livestock products. In livestock feeding, mulberry foliage holds an appreciable potential due 

to high protein content. Complementary association of Mulberry with clover for sheep and cattle grazing 

leads to N fixation by the clover and contributes high quality forage during the summer. The association 

produces more forage over a longer period than the individual crop. 

As per the available data (Bindroo et al., 2005) there are around 7.5 million mulberry trees throughout the 

J&K. Of these the temperate sericulture zone (Kashmir) possesses 5 million trees and the rest are in sub-

tropical sericulture zone (Jammu). It is possible to obtain two leaf crops per annum under temperate 

conditions of the valley. A full-grown mulberry tree yields on an average 20kg of leaves during spring and 

30 kg during autumn. 

Assuming the tree number and fodder yield to remain constant, each year these trees can contribute tons 

of nutritious fodder for animals, which will at least help in bridging the gap between demand and supply 

of fodder to some extent. Intercropping of mulberry with fodder grasses can help in maximizing the use of 

available land resources and minimizing the demand supply disparity ( Raies and Yatoo, 2021). 

Nutritive Value of Leaf 

On fresh basis, leaf yield varies from 35-45 tons per hectare per year. The nutritive value of leaf is one of 

the highest found in vegetable origin products of and is far superior to traditional forages (Benavides et al., 

1994). 

The foliage of the mulberry is highly digestible and contains around 20- 24% crude protein (CP) on a dry 

matter basis. Mulberry leaf stalks, left after feeding silkworms are still fit to be consumed by animals (table 

1). 

Table 1: Nutritive value of Mulberry leaf 

S. No CP% EE% CF% NFE% Ash% Ca P% S% K% Fe ppm 

Leaves  20-24 1.5-3.7 9-15 48-49 14-22 2.4-4.7 0.2-0.9 0.2 1.6-3.2 350-840 

Leaf 

Stalks  

11.5 2.7 34 76.5 9.3 1.6 0.2 - - - 

The leaves are rich source of essential amino acids particularly lysine (1.88%) and leucine (2.55%).The 

leaves are rich in ascorbic acid, carotene, vitamin B1, folic acid and vitamin D.  Even essential fatty acids 

like oleic, linoleic and arachidonic acid are found in appreciable amounts in mulberry leaf. 

Mulberry Leaf as Fodder for Ruminants 

Mulberry leaf is 80-100% better than grasses and 40-50% better than legumes for small ruminants 

(Sanchez, 2002). Incorporation of tree forages in livestock ration is a widespread practice in many countries 

(Singh and Makkar, 2002). These feed resources have good nutritive value, and positively impact rumen 

function and microbial yield (Leng, 1997). 

The potential of mulberry leaves as a fodder crop has been investigated through various in vitro studies. 

Mulberry leaves may be used as supplementary protein and energy source for ruminants. Diet 

supplemented with mulberry leaves leads to increased body weight gain in growing lambs and milk 

production in goats (Benavides, 2002). Feeding trials incorporating leaf meal in the ration of sheep and 

cattle have shown that the leaves can be profitably used to supplement poor quality forages (Singh and 

Makkar, 2002). 

The leaves are free from tannins and have nitrogen to sulphur in the ratio of 15:1, which is considered 

adequate for rumen microbial protein synthesis, and upto 6 kg of leaves per day can be fed to dairy animals 

without any adverse impact on their overall health and production (Singh and Makkar, 2002). Mulberry is 

an excellent feed for high yielding animals and can be offered fresh or dried in compound feeds, and 

appreciably enhances quality and quantity of milk (Boschini, 2002). Apart from increasing the quality and 

quantity of milk, supplementation of fodder with leaves can help in prevention of some of the economically 

important diseases, owing to rich minerals content. 

Mulberry in Poultry Feed 

In poultry diet, incorporation of upto 6% shade dried leaves of mulberry enhances the production and 

quality of eggs without any adverse impact on body weight of the bird (Narayana and Setty, 1977). As per 
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Chowdary et al., (2009) incorporation of mulberry leaves in poultry feed to the extent of 10% resulted in 

increase in body weight, feed conversion efficiency and reduced feed intake. 

Mulberry leaf inclusion upto 5%, in broiler chicken diet increases proportion of polyunsaturated fatty acids, 

decreases total content of saturated fatty acids in breast meat of broilers without any adverse effect on 

broiler performance and levels of ammonium sulphate excreted in dropings (Margareta et al., 2015). 

Mulberry in Rabbit Diet 

Studies involving incorporation of mulberry leaf meal in the diet of rabbits indicate that its inclusion upto 

40% of concentrate diet on dry matter basis, is advantageous for wool production (Singh et al., 1984). 

In rabbits, the reduction of concentrate offered daily from 110g to 17.5g with ad libitum fresh mulberry 

only reduced gains from 24 to 18g/d, but decreased to more than half the cost of the meat produced (Laray 

Lara et al., 1998). 

Mulberry in Fish Feed 

Incorporation of mulberry in fish feed has proved to be the better in terms of survival rate, feed conversion 

ratio and growth rate of fish than feeds prepared from groundnut oil cake (Bag et al., 2012). Use of mulberry 

feed significantly reduced incidence of open sores, tail and fin rot diseases. 

Over all the input cost is also reduced. Even Silk worm waste can be used for feeding of fish and poultry to 

achieve high productivity and sustainability through recycling of waste. 

Conclusion 

Keeping in view the nutritive value of mulberry, its positive impact on the overall performance of livestock 

and easy integration with livestock systems, it can be used in appreciable amounts to achieve sustainable 

productivity and at the same time lower the input costs. 
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Introduction 

Seed is an important component of crop production as well as productivity as good seed interacts with the 

micro environment around it and determines the health of the crop or a plant. If the environment is 

conducive and the seed is poor, production is likely to be affected. Seed quality is a crucial determining 

factor of yield and quality of onion bulb production. Onion (Allium cepa L.) is one of the export oriented 

bulbous vegetable crops grown in the country. India occupies the second position in onion production in the 

world, however, the productivity of onion is quite low. Onion bulb and seed crop suffers mainly from fungal, 

bacterial, viral as well as diseases caused by nematodes. The field experiments on integrated management 

of IYSV of onion seed crop is in progress at Regional Research Station, NHRDF, Nashik, Maharashtra. Iris 

yellow spot virus disease is relatively a new disease in onion seed production in South East Asian countries 

particularly in India. The virus was first time isolated from Iris plant showing yellow spots, hence it is 

named as Iris yellow spot virus (IYSP) which belongs to the genus Tospovirus (Tomato Spotted Wilt Virus) 

and its only known vector of this virus is thrips (Thrips tabaci), which is also a pest of onion (Kritzman 

et.al., 2001). It was first spotted in 1989 on onion seed crops in the world from Treasure valley in Idaho, 

USA. This newly characterized Tospovirus has been reported from several other countries on onion, leek 

and iris crops (Howard, 2006). Based on research article published by Gent et.al. (2006), the Iris yellow spot 

virus (IYSV) is now known to occurs on onion in USA and European, Asian as well as other countries 

(Cortes et. al., 1998; Pozzer et.al., 1999; Gera et.al., 2000; Kritzman et.al., 2000; Schwartz et.al., 2002; 

Coutts et.al., 2003; Gent et.al., 2006; Creamer et.al., 2004; Du Toit et.al., 2004; Mullis et.al., 2004 & 2006; 

Robene Soustrade et.al., 2005; Ravi et.al., 2005; Rosales et.al., 2005; Cordoba et.al., 2005; Miller et.al., 2006; 

Howard, 2006; Hoepting et.al., 2007). Occurrence of Iris yellow spot virus on onion in Egypt reported by 

Hafez et. al., 2014. In India, the Iris yellow spot virus was recorded on onion seed as well as bulb crop from 

Jalana, Maharashtra (Ravi et.al., 2005) and in Karnal, Haryana (Mishra et.al., 2007). The IYSV was then 

considered as a minor disease of onion. Iris Yellow spot virus disease is emerging as a new threat to onion 

seed production in India. The present article contains symptoms, causal organism, transmission of Iris 

yellow spot virus disease in onion seed crop and their management. 

Symptoms 

Photo Plate-1 

   
One lesions of IYSV Three lesions of IYSV Several lesions of IYSV 

A B C 
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Straw colour diamond and eye shaped lesions of IYSV on flower stalk in onion 

 
Fall down of flower stalks due to severe incidence of IYSV in onion seed crop 

The typical symptoms are yellowish, tan or straw coloured, diamond shapped ring spots (Eye spots) 

appeared on seed stalk and leaves of onion. Later on, these spots may griddle the seed stalk (scape), drying 

the umbel and reducing the seed yield and quality. Some lesions on seed stalk having concentric rings 

altering with green and yellow colour pigment (Photo Plate-1 A, B & C). The number of spots varied from 

one to several on a seed stalk at a time as well as spots appeared on upper, middle and lower portion of the 

stalk. The curling and banding of seed stalk from the point of infection can also be seen where necrotic 

spots develop. In severe condition infected flower stalks develop necrosis, die and fall over to the ground 

(Photo Plate-1 D). The disease is more common in onion seed crop. 

Causal Organism 

Iris yellow spot virus disease is caused by Tospovirus i.e., tomato spotted wilt virus. The virus belongs to 

the family–Bunyaviridae in ssRNA group of genus – Tospovirus. 

Transmission 

Iris yellow spot virus is transmitted through insect vector i.e., thrips (Thrips tabaci) in a persistent manner 

from diseased plant to healthy plants (Kritzman et. al., 2001). The virus survives in absence of onion on 

another susceptible host. Iris (Iris hollandica), Leek (Allium porrum) and Shallot (Allium ascalonicum) are 

the major susceptible hosts of this virus. The different species of tobacco (Nicotiana sp.) N. benthamiana, 

N.tabacum and N.clevelandii as well as datura (Datura stramonium) served as reservoirs for this virus 

(Hafez et. al., 2014). These virus susceptible host plants produced systemic necrotic lesions and wilting of 

plants. 

Management 

Rouging of diseased plants are the only possible measures to control the disease. Removal of volunteer 

plants of previous season crop helps in reducing the inoculums in the field. The management practices for 

IYSV disease before and after flowering in onion seed production are as below: 

Before flowering: Chemical control of the insect vector thrips by alternate spray of insecticides such as 

lambdacyhalothrin @ 0.05% or carbosulphan @ 0.2% or fipronil @ 0.1% and profenophos @ 0.2% at 

fortnightly intervals before flowering of seed crop of onion.  

After flowering: Management of the insect vector by alternate spray of bio-pesticides namely Spinosad @ 

0.1 %   followed by Beauveria bassiana @ 0.4 % and Verticillium lecani @ 0.4% at an interval of 10 days to 

check the transmission of virus.  The spray of any above given microbial metabolites/mycoinsecticide in 

onion seed crop should be done during evening hours to avoid the adverse effect on honey bees which play 

an important role in pollination 

D 
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Abstract 

With the increasing global population, the demand for meat is also projected to increase drastically by the 

year 2050. This creates a need to either increase meat production or to find alternatives of meat that can 

simulate the meat and meat products in nutritional & sensory parameters. Also, studies indicate the 

negative impact of high consumption of meat and meat products on human health and the environment. 

Therefore, swapping meat consumption with a plant-based diet might be a good alternative for conserving 

both health and the environment. The Impossible Burger is a meatless burger with a plant-based meat 

analogue that mimics the real meat burger in a way that can even trick the meat-lovers. The novel 

technology behind this meat analogue can be explored further to develop similar plant-based meat 

products. This article briefs about the technology behind the impossible burger and the concerns associated 

with the product. 

Keywords: Impossible burger, leghemoglobin, heme, meat analogue, plant-based meat. 

Introduction 

The global population is predicted to be around 9-11 billion by the year 2050 which might pose 

unprecedented environmental, food and nutritional issues and challenges (Gerland et. al., 2014, Tomiyama 

et. al., 2020). During the same time frame, the global meat demand is also projected to rise by 73% (McLeod, 

2011) necessitating the production of an additional 160 million tonnes of meat every year (Heffernan, 2017). 

Furthermore, consuming large amounts of red meat for the long term is harmful to human health and is 

linked to an increased risk of diabetes, cancer, and cardiac diseases (Richi et. al., 2015). Thus, shifting to 

more sustainable protein sources would alleviate health concerns while also assisting in the fight against 

climate change (Heffernan, 2017). After five years of research about the constituents in meat which 

contribute to its taste and texture, the US-based high-tech food company ‘Impossible Foods’ has developed 

the meatless ‘Impossible Burger’ which consists of a plant-based meat analogue that can truly mimic the 

real meat (Heffernan, 2017). 

The Plant-Based Impossible Burger 

Flavor and aroma in a meat product are contributed by the enzymatic breakdown of muscle cells as well as 

interactions between sugars, amino acids, or fatty acids when the meat is being cooked. Myoglobin, an 

oxygen-carrying protein found in animal muscle cells, is the major component of cells that influences flavor. 

Myoglobin contains heme, which is released when it denatures during cooking. This allows some iron to 

escape, which then catalyzes the processes responsible for flavor and aroma. Also, the color of the meat 

changes while cooking. The change in color is due to the oxidation of iron in myoglobin, which transforms 

it from a red Fe (II)–heme complex to a brown Fe (III) product. Thus, the key to developing a convincing 

plant-based burger that can mimic the meat burger is recreating all these reactions (Fellet, 2015; Mistry 

et. al., 2020). 

Heme is a vital part of cells and an integral part of hemoglobin protein in the blood which carries oxygen 

throughout the body. It is a key molecule that has a major role in persuading meat lovers to accept their 

faux meats. Thus, a stable, plant-based source of heme is required to mimic the animal meat. While 

myoglobin is exclusively found in the animal muscle which contains heme, the root nodules of leguminous 

plants contain a molecule ‘leghemoglobin’ which may be used to extract heme. Initially, the researchers of 

Impossible Foods attempted to harvest leghemoglobin from the roots of the leguminous soybean plant 

(Glycine max) but could not find any environmentally sustainable way for harvesting the root nodules and 

extracting the heme protein. Also, in order to use this molecule in a large number of food products, an 
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enormous amount of the molecule is required to be manufactured. This would require millions of plants to 

generate enough heme for the large-scale manufacture of burgers. Thus, plants may not a feasible source 

for extracting a large amount of heme. The US-based food company Impossible Foods has found an 

alternative method of producing heme in the laboratory by using genetic engineering technology.  

Heme is produced in the laboratory on a large scale by injecting the heme-producing gene from rhizobia 

(bacteria) present in soybean root nodules into yeast (P. pastoris Bg11 strain). To cultivate the genetically 

modified yeast on an industrial scale the fermentation technology is used. Yeast can be grown fast and 

readily on low-cost media, making sustainable bulk production. As the yeast grows the introduced gene is 

expressed and heme is created in the yeast. P. pastoris yeast cells are lysed by mechanical shearing after 

fermentation and the insoluble substance containing heme is separated from the growing water media by 

the process of centrifugation and microfiltration. The separated heme concentrate is standardized to obtain 

a final concentration of 6-9% of soy leghemoglobin protein (FDA, 2018). The extracted heme is then 

incorporated into the meat analogues of the Impossible burgers. The Impossible burgers made with 

leghemoglobin are designed to sizzle, bleed and be juicy like meat when grilled. It tastes like real meat and 

has tricked even the most die-hard meat lovers (Heffernan, 2017; Mistry et. al., 2020). The burger consists 

of a variety of other ingredients apart from heme. It is mostly made of textured wheat protein, a popular 

meat alternative. To simulate the sensation of animal muscle, it is cooked under pressure. It has the 

potential to improve nutrition by supplying more protein than meat while avoiding cholesterol, hormones, 

and antibiotics. When cooked, the Impossible burger has the same juiciness and texture as conventional 

meat, and it even develops a crust (Fellet, 2015; Mistry et. al., 2020). The other ingredients used in the 

burger are potato proteins, flavoring agents, coconut oil, yeast extract, soy protein isolates, gums and 

vitamins which may be processed or synthetic. 

Safety Concerns 

There is a growing concern about the Impossible Burger related to its safety & GMO tag. The U.S. Food & 

Drug Administration (FDA) has initially expressed its concern about Impossible Foods' soy leghemoglobin 

product derived from genetically modified yeast since soy leghemoglobin protein has never been consumed 

by humans and could be an allergen. The FDA has pointed out that although proteins are an integral part 

of the human diet but all proteins are not safe. In the first attempt, the information provided by Impossible 

Food to the FDA regarding the safe use of modified soy protein did not sufficiently address the safe use of 

soybean leghemoglobin protein extracted from the roots of the soybean plants in food. However, the 

Impossible burger has later obtained the ‘Generally Recognized as Safe (GRAS)’ status and the FDA has 

issued a “no questions” letter in the year 2018 (FDA, 2018; Film and Ate, 2019). According to Impossible 

Foods, the raw materials used in the production of soy leghemoglobin preparation are of food-grade, the 

manufacturing process is carried out by following the current Good Manufacturing Practices (GMP), and 

the media components used for fermentation are not derived from any major food allergens (FDA, 2018). 

But there are still concerns with the ingredients used in the product. The yeast used in the process is 

cultured in a nutrient-rich broth composed of industrially synthesized chemicals. Other highly processed 

ingredients are the vitamins used in the burger. Most of the vitamins used are synthetic rather than 

natural extracts produced by chemical synthesis or from biological processes involving algae, bacteria, 

yeast, or fungi (Film and Ate, 2019). The addition of all these ingredients might make the product highly 

processed causing negative health implications. 

Conclusion 

The global meat demand is increasing substantially along with the population growth worldwide. This is 

creating a need to increase meat production. However, there are multiple evidence indicating the adverse 

effects of high consumption of meat on health and the environment. Therefore, switching to a plant-based 

diet that is similar to meat in its nutritional & sensory attributes may be a sustainable solution to satisfy 

the needs of meat lovers.  

The food company Impossible Foods has developed a plant-based meat product called the Impossible burger. 

A key ingredient of the Impossible Burger is the protein called soy leghemoglobin derived from genetically 

engineered yeast. Soy leghemoglobin contains the component “heme” which is found in the root nodules of 

nitrogen-fixing soybean plants in their natural state. Impossible Foods has extracted the soy leghemoglobin 
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gene from soybean plants and inserted it into a yeast strain using genetic engineering technology. 

Fermentation is used to cultivate the resulting genetically modified yeast on an industrial scale. The soy 

leghemoglobin is then extracted from the yeast and added to the Impossible Burger making it a plant-based 

burger that simulates the animal meat burger sensorily. This Impossible burger developed by the novel 

technology involving heme from plant source can be a future food, but there are concerns associated with 

the health and environmental credentials of the product as the product is said to contain genetically 

modified and synthetic ingredients. The safety of the product is required to be studied extensively in order 

to be accepted in the global consumer market. Today all that an increasing health-aware consumer desires 

is a pure and natural product that is minimally processed, free of GMOs, transparently sourced, and 

produced with little or no chemical and synthetic ingredients. Hence, the technology may be further 

explored by finding substitute ingredients to develop similar plant-based meat products. 
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India has one of the youngest populations in the world it has around 600 million young people of which 

fifty percent are under 25 years of age. As per the census 2011, youth in India make up 19.1% of the 

population and in 2021; the median age of population in India is 28 years (MOSPI, GOI, 2021).  

As per the 12th Annual Status of Education Report (ASER-2017), 42% of the youth (14-18 years) were 

working of which 79% of them were employed in agriculture mostly on their own family farms. On the other 

hand, ageing farmers and a waning interest of rural youth in agriculture is becoming a prime concern in 

India. (Sarah Bailey 2020). According to NSSO-2003, 40% of farmers rated agriculture as not their choice 

vocation due to risk and low profitability. Similarly, agriculture was accorded the last option as a means of 

livelihood by youth (Katyal, J.C and Anuradha Katyal 2018). 

Migration of youth from rural to urban areas for employment has seen a steady rise and according to World 

Bank, half of the Indian population would be urban by 2050. In 2020, approximately a third of the total 

population in India lived in cities (Aaron O'Neill, 2021) However, according to an estimate there is going to 

be a drop of 32.5% of the workforce in agriculture from 2001 to 2050. The demographic dividend of India’s 

youth is to be harnessed for sustainable incomes from agriculture through the development of knowledge, 

skills and attitudes (Gangwar and Kameswari, 2016). Appropriate policies to retain youth in agriculture 

and enhanced investments in human capital will help to empower youth in agriculture to drive economic 

and social development and boost per-capita incomes in the rural areas. Skill development is highly 

essential for improving productivity and to impart skills in emerging areas of agriculture and allied sectors. 

The requisite knowledge and skill areas to qualify as a paddy cultivator, the opportunities for youth in 

agro-processing viz., seed production and the relevant government schemes for skill building and financing 

have been described in this article. 

Skill Development Programs / Schemes 

The Agriculture Skill Council of India (ASCI) was set up in January 2013 as a Section 25 company under 

Companies act of Ministry of Company Affairs for capacity building of agricultural industry and to bridge 

the gap between laboratories and farms. The main aim of ASCI is to provide skill training to cultivators 

and agricultural labor with the objectives listed below. 

Objectives 

1. Determining skills/competency standards and qualifications and development of National Occupational 

Standards (NOS). 

2. Preparation and maintenance of skill inventory to facilitate individual choices. 

3. Development of sector specific skill development plans. 

4. Standardisation of affiliation and accreditation process. 

5. Affiliation, accreditation, assessment and certification of Vocational Institutes/Programmes. 

6. Plan and execute Training of Trainers (ToT). 

7. Promotion of academics of excellence. 

8. Establishment of a well-structured, sector specific, Labour Market Information System (LMIS) to assist 

planning and delivery of training. 

9. Adoption of global best practices. 

Training Module for Paddy Farmer as Per ASCI Qualification Pack 

A training module for a farmer to cultivate paddy on a given piece of land involving both the knowledge 

and skill components from procurement of seed material to the marketing and the sale of farm produce in 

https://www.statista.com/aboutus/our-research-commitment/2127/aaron-oneill
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the market has been described below. This module may be adopted and adapted by training institutions, 

NGOs and KVKs to design course content for providing skill training to farmers engaged in paddy 

cultivation. 

The job of a paddy farmer involves cultivation of paddy as per package of practices recommended for a 

particular agronomic zone, type of rainfall, soil type and climatic conditions to achieve yields as per the 

genetic potential of the variety and the sale of the produce for a competitive price without resorting to 

distress sale. 

Applicable National Occupational Standards (NOS) 

The occupational standards (OS) refer to the standards of performance an individual must consistently 

achieve both in the knowledge and understanding in the carrying out of an activity in the workplace. Listed 

below are a set of compulsory knowledge and skill areas for cultivation of the paddy crop. The National 

Occupational Standards (NOS) have been designed and standardised for each crop in the Indian context. 

Knowledge and Skill Areas in Paddy Cultivation 

1. Seed Preparation 

2. Land preparation and Transplanting 

3. Integrated Nutrient Management 

4. Weed Management  

5. Integrated Pest and Disease Management  

6. Irrigation Management  

7. Harvesting and Post-Harvest Management. 

Opportunities for Youth in Agro Processing 

The New Normal would be to stabilize agricultural production and marketing in local hubs as a lesson 

learnt from Covid-19 induced disruptions in the supply chains of agricultural commodities. The potential 

for agro processing based entrepreneurship for rural youth is to be explored and skill-based training 

programs are to be organized by Krishi Vigyan Kendras/State University/training centres in collaboration 

with commodity specific industry partners. The marketing channels to be explored are farm to fork, farmer 

producer companies (FPC), cooperatives, institutional supplies to hospitals, restaurant and hostels. 

The components for promoting youth entrepreneurship have been depicted in figure 1. comprising of 

technical support, capacity building, financial support and strategies for retaining youth in agriculture. 

The financial support to set up agro-processing enterprise can be explored from the centrally sponsored 

scheme of the Ministry of Food Processing Industries (MoFPI), the PM Formalisation of Micro food 

processing Enterprises Scheme (PMFME Scheme). It is being implemented in partnership with the State/ 

UT Governments for providing financial, technical and business support to upgrade the existing micro food 

processing enterprises. The PMFME Scheme is providing training to both individuals and enterprises in 

the areas listed below. 

1. Individual micro-food processing enterprises with credit linked grant under the Scheme; 

2. Individual existing micro-food processing enterprises that are not taking loan under the Scheme; 

3. Workers of micro-food processing enterprises and groups, such as SHGs/FPOs/Cooperatives; 

4. Members of SHGs/FPOs/Cooperatives that are engaged in food processing activities; 

5. Government officials and other resources person engaged in the implementation of the PMFME Scheme- 

Training of Orientation of the Scheme. 

6. Entrepreneurship development, essential functions of enterprise operations, marketing, bookkeeping, 

registration, FSSAI standards, Udyog Aadhar, GST Registration, general hygiene, etc. 

Skilling Youth for Seed Production as a Micro-Processing Enterprise 

The interested youth need handholding in terms of accessing the benefits of the PMFME scheme on how to 

apply and the relevant documents needed to avail monetary support under the scheme. Moreover, technical 

backstopping needs to be provided by the training institutes to the youth to start the micro-food processing 

enterprise.  The individual micro food processing units are provided credit-linked capital subsidy @35% of 
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the eligible project cost with a maximum ceiling of Rs.10 lakh per unit. The beneficiary contribution should 

be a minimum of 10% and the balance should be a loan from a bank.  

Described below are the knowledge and skill requirements to qualify as a quality seed producer. The 

Quality Seed Grower is responsible for producing foundation and multiplication seeds according to pre-

determined standards and systems while maintaining its genetic purity. 

Knowledge and Skill Areas in Quality Seed Production 

The following tasks need to be undertaken and the requisite knowledge and skill is essential for qualifying 

as a quality seed producer and the training institutes can plan for inclusion of these topics in the training 

module for seed production enterprise. 

1. Collect the information and required resources for production of quality seeds the tasks to be 

undertaken are, understanding work requirements, indenting and receiving required resources, storing the 

received material and to achieve productivity and quality standards 

2. Prepare field and sow seeds requires activities like, taking soil sample for lab testing, preparing field 

for sowing, sowing the seed crop and to achieve the requisite productivity and quality standards 

3. Grow and manage seed crop involves growing and managing the seed crop as per the standard 

practices to maintain pre-determined quality. The tasks to be undertaken are, applying fertilizer(s) 

undertaking weed control, inspecting and diagnosing problems related to seed crop and irrigating the seed 

crop optimally and to achieve productivity and quality standards 

4. Harvest and thresh the seed crop requires that the seed crop is harvested at correct maturity stage 

and then threshed to obtain the seeds and the tasks to be undertaken are, reaping seed crop at maturity, 

threshing the seed crop, handling threshed seeds properly to achieve productivity and quality standards. 

5. Post-harvest management of seeds involves managing the threshed seeds before sending them to 

seed processing unit and the relevant tasks needed are, sun-drying of seeds, cleaning of seeds and to achieve 

the productivity and quality standards 

Conclusion 

Skills are a very important component of any occupation and enterprise. The training institutions need to 

design and implement skill enhancing training programs to empower youth to take up agricultural 

activities and to avail the benefits of various schemes and programs of Government of India for both 

technical and financial support. The skilled manpower is an important human resource of the country and 

it can propel sustainable agricultural growth, improve the local economy and also arrest migration of youth 

to urban areas. 

 
Figure 1. Components of youth entrepreneurship 
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Introduction 

Rice is the traditional crop of India which is intensely blended with tradition and culture of India and 

serves as the staple food for the World.  It is the soul of food security by feeding around 800 million 

population around the world.  Rice is cultivated in an area of 42.75 million hectares in India with a 

production of 112 million tonnes and productivity of 2.6 t ha-1.  During the era of green revolution, use of 

high-yielding varieties of rice which are responsive to chemical fertilizers increased rice productivity in all 

rice growing Asian countries.  During 1950-51 to 2017-18, rice area in India has witnessed an expansion at 

the rate of 0.20 Mha yr-1, whereas production and productivity have increased at the rate of 2.05 Mt yr-1 

and 0.04 t ha yr-1 respectively.  But, during the same period, the state level analysis of area, production 

and productivity revealed a negative growth in area under rice in 45 per cent of the states.  Similarly, the 

trend in production was negative in Kerala, Mizoram, Pondicherry, Tamil Nadu, Sikkim and Goa, where it 

was positive in all other rice growing states (Pathak et al., 2020). 

Yield Stagnation in Agricultural Crops 

Inspite of various agronomic technologies and high yielding varieties in rice, the productivity is stagnant 

in India and in many other agrarian countries.  Due to the increase in the application of fertilizers in recent 

days’ intensive agriculture, the response ratio and factor productivity of crops are continuously declining 

every year.  The cost of cultivation is alarming because of lower use efficiencies of nitrogen (30-50 per cent), 

phosphorus (15-20 per cent) and potassium (60–70 per cent) (Dey, 2016) especially in transplanted rice.  

The injudicious use of fertilizers resulted in a net negative balance of nutrients which may rise to 15 MT 

per year during 2025 from the current range of 8 to 10 MT per year (Pramanick et al., 2018).  The 

imbalanced fertilizer application and escalation in fertilizer cost leads to unavailability and deficiency of 

other nutrients thus affecting crop productivity and causing environmental pollution apart from leading to 

declined soil fertility.  The declining response ratio of the soil to the fertilizer application is also a cause of 

concern nowadays.  During the 9th Five Year Plan, a response ratio of 1:7 for fertilizer to food grains was 

adopted which has also declined.  Globally, yields are stagnating in China (79 per cent), India (36 per cent) 

and Indonesia (81 per cent) across rice-growing areas (Deepak et al., 2012).  This stagnation is attributed 

to multitude of factors which includes climate-change, depletion of soil fertility and salinization, increasing 

competition for water resources from other sectors, pest and disease, lack of capital and low remuneration 

for crop produces. 

Role of Silicon in Rice Cultivation 

Rice is classified as a silicon (Si) accumulating plant and very few crops alone require as much silicon as 

rice.  As popularly known, Silica is required for the healthy development and better productivity of the rice.   

Without addition of single unit of Silica from external source, every part of rice contains Si and straw 

contains about 4–20 per cent.  An estimate revealed that approximately 230 to 470 kg Si ha-1 will be 

removed from soil by a rice crop having the capacity to produce a grain yield of about 5 tonnes ha-1.  

Normally the Si content in plant is equivalent or even more than the primary nutrients N, P and K which 

are usually supplied through fertilizers apart from soil reserves.  Therefore, in the regions of continuous 

and extensive cultivation of rice, there will be depletion of available silicon and requires external 

application of silicate fertilizers for achieving sustainable rice yields.  

Even though silicon has not been categorized as an essential element for plant growth, the beneficial effects 

of silicon have been observed in a wide variety of plants especially in monocotyledonous cereal crops.  In 

these crops, under biotic and abiotic stress conditions, the beneficial effects of silicon are usually visualized 

more clearly.  It has been accepted as an important micronutrient for healthy and competitive growth of 

all cereals including rice.  Researches across the globe proved that adequate uptake of silicon (Si) can 
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increase the tolerance of rice to both abiotic and biotic stress including physical mechanism of defense, 

lodging resistance, increasing photosynthetic capacity and decrease in transpiration. 

Conclusion 

In India, nearly 78 per cent of the farmers belong to the category of resource poor small and marginal 

farmers.  They are not affordable to procure optimum quantity of inputs including fertilizers that are 

essential for increasing the productivity.  Low soil fertility, imbalanced use of fertilizers, low use efficiency 

of applied fertilizers and loss of plant nutrients and moisture due to soil erosion are becoming serious threat 

to rice farming.  Under changing socio-economic conditions all around the world, reduction in rice yield 

may lead to issues related to change in dietary pattern.  Though various researches were focused on major 

nutrients (N, P and K), still the yield gap is present. In this regard, recent research efforts proved 

micronutrients like silicon (Si) in rice production system to be vital in sustaining the productivity of rice.  

Henceforth, silica nutrition is going to be inevitable in rice production as a significant input in enhancing 

the yield and in protecting the crop from biotic and abiotic stresses. 
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Introduction 

Globally enormous achievements are being made to bring human welfare even by compromising 

environmental integrity. Unfortunately, it is not happening with the limited integral systematic process as 

a whole enough to bring sustainability over them. Because of that, we are facing adverse results such as 

uncertain environmental conditions and socioeconomic situations which makes us forcefully look for 

alternatives. The prevailing COVID-19 pandemic situation is the best example of environmental 

uncertainty.  In the food and agricultural system, we have lost 75% crop diversity, 1/3rd of degraded land 

with 800 million undernourished people around the world. This is not something inevitable condition we 

must face.  It might be better if we had committed with common goals and principles for attaining and 

maintaining sustainable growth over food and agricultural system. It also has the potential to influence 

positively to mitigate climate change and eradicate poverty. FAO’S Sustainable food and agriculture (SFA) 

is addressed challenges and approaches to help agriculture and food production systems transit towards 

sustainability. Moreover, SFA is very fundamental for food security because of its contribution to four 

pillars of food security- availability, accessibility, utilization, and stability. This article shows what are the 

principles and challenges of sustainable food and agriculture and alternative scenarios for the viable future. 

Principles of SFA 

United Nations Food and Agriculture Organization proposed five key principles through integrating social, 

economic, and environmental dimensions to bring sustainability to the food and agricultural system.  

1. Improving efficiency in the use of resources. 

2. Direct action to conserve, protect and enhance natural resources. 

3. Protect rural livelihoods and improve equity and social well-being. 

4. Enhance the resilience of people, communities, and ecosystems, especially to climate change and market 

volatility. 

5. Good governance is essential for the sustainability of both the natural and human systems. 

 
Fig.1: Basic structure of sustainable food system 
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Challenges to be Overcome 

In the future years, there will be challenges for the food and agricultural systems, but they will be met in 

a sustainable manner. We will undoubtedly encounter and defeat them. Which is divided into three groups. 

Food availability and stability are both in jeopardy: 

a. Increase agricultural productivity in a sustainable manner to satisfy rising demand. 

b. Maintain a healthy natural resource base. 

c. Address climate change and the worsening of natural disasters. 

d. Preventing transboundary and developing challenges to agriculture and the food system. 

Obstacles to food access and consumption: 

a. Eliminate extreme poverty and narrow the gap between rich and poor. 

b. Put an end to hunger and malnutrition in all forms. 

c. Increase your earning potential 

d. Build resilience to protracted crises, disasters, and conflicts. 

Systemic challenges: 

a. Make food systems more efficient, inclusive, and resilient. 

b. Address the need for coherent and effective national and international governance. 

Probable Alternative Scenarios 

Organization for Economic Co-operation and Development (OECD) presents three alternative scenarios, 

each of which depicts the pathway where the world may follow in its journey towards 2050. 

1. Individual, Fossil Fuel-Driven Growth: World has relatively less emphasis on the environment and 

social concern as it is driven by sovereignty and self-sufficiency of individual countries or regions and its 

economic growth. Limited cooperation up to regional alliances as a result of national interests excluding 

long-term geopolitical visions. Technical developments are based on fossil fuel extraction. 

2. Citizen-Driven, Sustainable Growth: Consumers and citizens drive individual countries to 

emphasize environmental and social protection. Relatively limited global co-operation. Technological with 

saving and protection of natural resources and environment. 

3. Fast, Globally-Driven Growth: World's future has started to achieve economic growth by giving focus 

on international cooperation. Environmental issues receive less attention from governments and their 

citizens. Technologies develop over many domains including food production and easily shared. 

Conclusion 

Sustainable transition on food and agricultural practices is not one of the choices we would choose but an 

indispensable way we must conduct sensibly to gain better consequences. The present situation itself is a 

huge thrust that turns us towards sustainability. Understanding the existing problem and organizing 

largely is essential to face indiscriminately arising uncertainties. 
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Introduction 

The world is suffering from climate change never before especially in the agricultural sector. To reduce 

carbon emissions, India has made a global commitment to move away from coal and get 50% of its energy 

from non-fossil sources by 2030, compared to 11% now. Utilizing renewable energy sources will solve the 

critical health issue of air pollution which is responsible for one in eight deaths — 1.24 million lives in India 

— in 2017, as IndiaSpend reported in December 2018. Among the other sources of renewable energy, Solar 

has the greatest energy potential. As per IPCC (Intergovernmental Panel on Climate Change) assessment, 

theoretically, if we can use only 5% amount of the energy that the earth receives, it will be 50 times what 

the World requires annually. 

Evidencing Reduced Level of GHGs During Lockdown Period 

Satellite data of nitrogen dioxide (NO2) and sulfur dioxide (SO2) concentration level differences during the 

shut-down due to Covid-19 pandemic, 2020 and the same period in 2019. 

One of the main sources of NO2 emissions is vehicular traffic, which was dramatically reduced during the 

lockdown consequently reducing NO2 levels in the atmosphere. As there is significant technical progress, 

this near real-time satellite data-based analysis has made it possible to measure NO2 levels globally 

(Figure 1).  

India has lately surpassed China as the world's leading emitter of sulphur dioxide (SO2). The largest 

amounts of SO2 are found over eastern India, and they are mostly linked to electricity generation (Figure 

2). 

 
Figure 1: NO2 concentrations with and without lockout, based on satellite data. 

(Source: World Bank Staff. Notes: Sentinel-5P Nitrogen Dioxide data processed through 

Google Earth Engine.) 
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Figure 2: SO2 level before and after lockdown. (Source: Aura observation science, OMI team, 

NASA). 

India's Renewable Energy Potential and Goal 
India had 96.96 GW of renewable energy capacity as of July 2021, accounting for 25.2 percent of the total 

installed power capacity. The Indian renewable energy market is the world's fourth most attractive 

renewable energy market. India ranked fourth in wind energy, fifth in solar energy, and fourth in 

renewable energy installed capacity as of 2020. The Indian government aims to attain 227 GW of renewable 

energy capacity by 2022, well ahead of its 2015 Paris Agreement target of 175 GW, and is aiming for 450 

GW of installed renewable energy capacity by 2030, with solar accounting for around 280 GW (almost 60%). 

Solar Energy: A Workable Climate Change Solution 

One of the most powerful instruments we have for mitigating climate change is solar panels. They do not 

pollute, their energy source is renewable and unlimited, they can be recycled (clean and green energy), and 

every kWh we receive is not generated in polluting facilities that create greenhouse gases. 

India has a lot of potential for solar energy. On average, India receives 200 MW/km2 of solar energy and 

has 250–300 sunny days each year. India receives a lot of solar energy, with more than 5000 trillion kWh 

each year. The daily incidence varies depending on the locale. The daily incidence ranges from 4 to 7 

KWh/meter square, with 2300 – 3200 sunshine hours, depending on the region. 

Solar Supporting Schemes in India 

National Action Plan on Climate Change (NAPCC) on June 30, 2008. Jawaharlal Nehru National Solar 

Mission (JNNSM), 2010. The Mission has set the ambitious target of deploying 20,000 MW of grid-

connected solar power by 2022, which was revised to 1,00,000 MW by 2022 during June 2015. In 2019, 

PMKUSUM (PM Kisan Urja Suraksha evam Uhaan Mahaabhiyan) scheme was launched by the Ministry 

of New and Renewable Energy (MNRE) to subsidise the farmers with solar irrigation pumps (SIPs) in 

their farms. As per union budget 2020-21, this would enable about two million new farmers to install 

standalone solar pumps. 

Challenges in Solar Energy 

The country as a whole must make extra efforts to develop and use renewable energy sources, notably solar 

energy. The country's most remote rural areas are yet to be electrified. Extending grid power to outlying 

locations, particularly to satisfy agriculture demands, is prohibitively expensive for the government. The 

system of solar energy water pumping takes relevance for optimum exploitation of the groundwater 

resource for the benefit of small/marginal farmers as an integrated method for irrigation and water 

conservation with scientific agricultural practises. It would appear that there is a strong case for the design 

of institutional mechanisms for encouraging closer cooperation and collaboration between the agricultural 

and energy sectors. 
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Conclusion 

Solar energy is a plentiful source of energy. Indeed, the solar energy collected by the Earth exceeds the 

world's annual energy consumption in just one hour. The ability of solar energy to combat climate change 

is similarly astounding. RE deployment has risen dramatically in recent years. In most cases, increasing 

the amount of renewable energy in the energy mix will necessitate policies that drive energy system 

modifications. Government legislation, the decreasing cost of many RE technologies, changes in fossil fuel 

pricing, and other factors have all contributed to the continued growth of RE use. Energy must be 

economically affordable in the long run to be sustainable. 
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Spine gourd is a perennial, dioecious cucurbit found growing wild in forest areas. Botanically it is 

Momordica dioica belonging to the family cucurbitaceae. It is often cultivated for its fruits which are used 

as a vegetable. Fruits of spine gourd are available from July or Sept to Oct in North India. Fruits are good 

source of protein and iron. It is also rich in ascorbic acid content (275.10 mg per 100 g). It also contains 

iodine (0.7 g/100 g). 

Nutritive Value (Per 100 g of Edible Portion) 
Constituents Quantity 

Moisture 84.1 

Protein  3.1g 

Carbohydrates 7.7g 

Fibre  2.97g 

Ash  1.1g 

Iron 4.6g 

Calcium  33mg 

Phosphorus 42mg 

Carotene 2700IU 

Thiamine 45.2mg 

Riboflavin  176.1g 

Niacin  0.59mg 

Ascorbic acid 275.1mg 

Origin and Distribution 

Spine gourd is probably native of India. Plants are distributed from Himalayas to Sri Lanka; up to an 

altitude of 1500 m. 

Plants of spine gourd are found naturally growing in hilly tracts of Jharkhand and in wet hills of 

Maharashtra, Assam and W. Bengal. 

Botany 

It is a dioecious climber, Stem glabrous, Leaves broadly ovate, entire, deeply 3-5 lobed. Flowers solitary, 

yellow, fruits ovoid or ellipsoidal, 2.5-6.3 cm long, shortly beaked, densely with soft spines. Seeds slightly 

compressed, 6.0-7.0 mm long, irregularly corrugated. 

Climate and Soil 
It is a warm season crop. For prolific growth of vine, high humidity and 25-30°C temperature is required. 

It can successfully be raised in area where average rainfall is 150-250 cm. Plants of spine gourd remain in 

dormant conditions during winter months. 

Being a hardy crop, it can be grown in different kinds of soil, however, sandy soil rich in organic matter 

with provision of good drainage are considered ideal. 

Soil pH should be in range of between 6 and 7.  Before planting, field should be deeply ploughed 3-4 times 

and thereafter harrowing is done to remove the pieces of perennial weeds. 
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Propagation 

Spine gourd is propagated by seed as well as by vegetative means. 

Seed Propagation 

Seeds of spine gourd rest in dormant conditions, hence, freshly extracted seeds should not be sown for 5-6 

months. Seed dipping in tap water for 24 hrs before sowing stimulates germination process. Ali et al. (1991) 

observed enhanced germination of spine gourd seeds at 30°C but not at 20 or 25°C, when the seed coat was 

removed. There was no effect of gibberellic acid on germination of the intact seeds. The major problem of 

seed propagation is 1:1 ratio of male and female plants and delay in fruiting. 

By Tuber 

Tuberous roots do not have dormancy and plants raised through tubers are healthy. Tubers are obtained 

from 2- 3 years old plant and 80-120 g pieces are made for planting. Every planting piece of tubers must 

have at least 2 buds for sprouting. Panda et al. (1994) obtained enhanced sprouting of tuberous root cuttings 

(87.5%) following dipping in 1 per cent thiourea whereas untreated tubers had only 18.3 per cent sprouting. 

Planting may be done in month of early Sept-Oct. or Feb-March. Ram et al. (2001) reported the best time 

for planning tubers is February under irrigated conditions and June-July in rainy season. In Bangladesh, 

Islam et al (1994) obtained higher yield (31.5 t/ha) from planting on 1 Feb. Tuberous roots are planted at 

spacing of 3 m intervals. 

Stem Cuttings 

For raising plants through this method, cuttings are made from terminal portions, however, Sahu et al. 

(1995) did not observe any significant effects due to type of cutting (basal or terminal). The number of nodes 

did not influence percentage rooting, FW and DW of primary roots and the length, girth and FW of tuberous 

roots.  Contrary to this observation, Tripathy et al. (1993) reported that terminal cutting produced more 

nodes per plant and leaves, leaf area and inter nodal length than basal cuttings. Ahmad et al. (1992) 

obtained highest percentage of rooting (93) and number of roots per cutting (17) by cuttings comprising one 

axillary bud and a mature diploid leaf treated 5 seconds in 1500 ppm IBA and planted in a mixture of soil: 

sand: compost (1:2:1). 

Manures and Fertilizers 

In general, 20-25tonnes per hectare FYM are mixed in soil at the time of field preparation. During the 

March- April, 20-30 g urea per plant is applied and the same amount is repeated at the time of fruit 

formation. Tripathy et al. (1993) recommended 30 kg per hectare each of N, P and K for higher yield and 

fruit size.  Goswamy and Sharma (1997) obtained enhanced yield of spine gourd with increasing rates of P 

from 0-60 kg and 0-75 kg K20 per hectare. K rates had no effect on fruit ascorbic acid content but this was 

highest when P was applied @ 40 kg P205 per hectare. 

Intercultural Operation and Training 

Just after planting, a light irrigation is required for proper establishment of cuttings. During summer 

months, frequent watering is desired. In rainy season, care should be taken for proper drainage as plant is 

quite sensitive to waterlogged conditions. During early stage of vine growth, 2-3 hand weeding may be 

followed to reduce the infesting weed population. Crop of spine gourds does well on bushes or hedges. For 

staking of the vines, bower may be made at height of 4-5 feet above the ground. Training must be started 

just after 30 cm of vine length from the ground level. Foliar spray with 400 ppm AgN03 at the pre-flowering 

stage induced 70-90 per cent hermaphrodite flowers on strictly gynoecious vines, whereas androecious 

vines were insensitive to AgN03 treatments. (Rajput et al., 1994). Hossain et al. (1996) also reported that 

application of 200-800 mg/litre AgN03 to the female spine gourd was effective in inducing hermaphrodite 

flowers. Pollen grain viability of the hermaphrodite flowers was as high as that of normal male flowers. 

Harvesting and Yield 

In spine gourd fruits take 25-27 days to reach maturity. Marketable fruits are obtained 12 days after fruit 

set. Green fruits at proper stage of maturity should be harvested. Delay in harvesting causes yellowing of 

fruits. Colour of the pedicel, pericarp and spine remain green until 12-13 days after flowering and thereafter 
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the colour changes. It is suggested that pedicel colour, spine colour, specific gravity, respiration rate, 

chlorophyll content and dry weight may be considered as the suitable maturity indices of spine gourd. 

Harvesting is done at frequent interval. A good crop of spine gourd yields 75-100 quintals fruit per hectare. 
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Introduction 

Proper planting is essential for healthy, vigorous growth of ornamental plants in the landscape. It assures 

rapid plant establishment by providing a favourable environment for the developing root system. Planting 

involves more than merely digging a hole and sticking a plant in it. Giving careful consideration to the 

preparation of the planting site, the time of year for best plant establishment and the handling 

requirements of different nursery stock will help you avoid problems later on. 

Surveying the Planting Site 

Before planting, survey the site for potential hazards to plant growth. For instance, new construction sites 

are often littered with pieces of mortar, plaster or limestone, creating an alkaline soil condition and 

inhibiting a plant’s ability to absorb nutrients. Chemical spills, such as motor oil or gasoline, can also 

impair plant growth. It may be necessary to remove the top 6 to 8 inches of soil and replace it with a good 

grade of topsoil. Compacted soils also inhibit root growth. Poorly drained soils cause plant problems. 

Waterlogged soil will suffocate the root system and kill a plant. Improve poorly drained sites by deep tilling 

to break apart a layer of hard packed soil, or “hard-pan,” several inches below the soil surface. Slope beds 

planted near a foundation away from the building, and route water from drain spouts away from plant 

beds. On extremely heavy soils, construct a raised bed, 12 to 18 inches high, of well-drained topsoil, and 

slope the sides of the bed away from the plants to avoid pockets of standing water. Another option is to 

install a sub-surface drainage pipe to carry water to another area (assuming there is somewhere for the 

water to drain). 

Selecting Plants 

Always purchase fresh, high-quality plants. Poor-quality plants are not a wise investment. Most 

ornamental trees and shrubs marketed today are grown and sold in containers, although field-grown 

plants, sold balled-and burlapped or packaged bare-root, are also available during certain times of the year. 

Container-grown plants should have healthy, vigorous tops and white feeder roots on the outer edge of the 

root ball. Do not be timid about inverting a few plants, removing their pots and examining their roots. 

Container-grown plants generally transplant well throughout most of the year with minimum shock, 

although fall and winter months are the best time to transplant. Large trees and shrubs grown in the field 

are often sold balled-and-burlapped. Because a large portion of the root system is destroyed during digging, 

they transplant best during the cooler months (October through April). Some trees are grown and marketed 

in fabric bags, and can be transplanted throughout the year, although the fall and winter months are best. 

Packaged bare-root plants, such as roses, should have plump, healthy stems and good root systems that 

are kept moist in a packing substance like sphagnum moss or wood shavings. The best planting time for 

these plants is from December to mid-March. 

Holding Plants Until they are Planted 

If plants cannot be planted right away, place them in a shaded area and keep the roots moist. If balled-

and-burlapped or bare-root plants must be held several days before planting, cover their roots with 

sawdust, pine straw or soil to conserve moisture. Avoid placing the roots in water or buckets for long periods 

of time because they will suffocate. Container plants may need daily watering. Make sure plants are well 
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watered before planting and ensure the root ball is thoroughly wet. A dry root ball is difficult to rewet after 

transplanting. 

Planting in Individual Holes 

The old adage “never put a ten-dollar tree in a two-dollar hole” applies when planting individual trees and 

shrubs. Research at the University of Georgia has shown that a large planting hole – at least twice as wide 

as the root ball -- encourages rapid root growth and plant establishment. Dig the planting hole only as deep 

as the root ball. If the hole is dug deeper, backfill it with soil as necessary and tamp it firmly to prevent 

settling. Make certain the top of the root ball is level with the soil surface. Some landscape professionals 

plant the top of the root ball 1 to 2 inches above grade if they know the soil is likely to settle slightly. 

Research has also shown that it is not necessary to add organic amendments, such as peat moss, compost 

or leaf mould, to the planting hole. Organic matter can act like a sponge in the planting hole, absorbing 

and holding too much moisture and causing the roots to stay too wet. When planting just one plant, it is 

best to backfill with the same soil removed from the hole. Be sure to break apart any clods and remove 

stones or other debris before refilling the hole. Before planting balled-and-burlapped plants cut any wire 

or cord from around the trunk and pull back the burlap from the top one-third of the root ball. This will 

allow newly formed feeder roots to grow into the new environment. When planting on poorly drained soils, 

remove the burlap completely. When planting trees or shrubs grown in fabric bags, remove the entire bag 

before planting. To eliminate air pockets, water the planting site as the backfill soil is placed in the hole. 

Use your hand, not your foot, to gently firm the soil around the roots. Water thoroughly when finished and 

water again several hours later. Slow-release or liquid fertilizers can be added to the planting hole, but 

granular general-purpose fertilizers, such as 8-8-8 or 10-10-10, can damage tender roots. Wait until the 

plants are established before applying a granular general-purpose fertilizer. (See section on caring for 

newly planted trees and shrubs.) Finally, shape a small ring of soil, 2 to 3 inches high, along the perimeter 

of the planting hole. This forms a saucer on top of the soil, which directs water to the roots and prevents 

runoff. Finally, uniformly apply a 3-inch layer of mulch over the soil surface. Mulches promote rapid rooting 

by maintaining uniform moisture levels and temperatures in the soil and by preventing weed competition. 

Landscape fabrics can be placed under the mulch to help prevent weeds and to conserve moisture. 

Planting in Beds 

A group of ornamental plants in one area of the landscape will grow more uniformly when planted in a 

well-prepared bed rather than in individual holes. Begin by deep tilling to a depth of 12 to 15 inches. Then 

incorporate about 1 pound (2 cups) of an eight to 10 percent nitrogen fertilizer, such as 8-8-8 or 10- 10-10, 

over every 100 square feet of bed area. Only incorporate lime into the bed if the soil test recommends it. 

After preparing the soil, follow the planting procedure recommended for planting in individual holes. 

Planting Annuals and Herbaceous Perennials 

To achieve the best color displays, annuals and herbaceous perennials must have good drainage, adequate 

nutrients and available water at all times. Begin by deep tilling the native soil to improve its structure and 

to ensure good drainage. Then, elevate the bed 6 to 12 inches by adding soil amendments. A raised bed not 

only ensures good drainage, but also improves the visibility of the color display. The type and quantity of 

soil amendments used depends on the structure and texture of the existing soil, and whether amendments 

have been previously added to the site. A combination of composted organic matter, composted animal 

manure and large-particle sand, such as Lithonia granite, are frequently used to amend beds. If bagged 

organic amendments are used, apply one 40-pound bag per 100 square feet of bed area and incorporate it 

to a 6- to 8-inch depth. An ideal soil is moist, yet well drained. Slow-release fertilizers, such as Osmocote, 

are excellent for flowerbeds because they give the plants an even supply of nutrients throughout the 

growing season. Several formulas are available, although one with at least eight to nine-month release 

duration is recommended. Follow manufacturer recommendations for application rate. After planting, 

apply about 3 inches of mulch on the soil surface to conserve moisture and prevent weeds. Fine-textured 

mulches, such as pine straw or pine bark mini-nuggets, stay seated better on the bed than coarse-textured 

mulches. Finally, water thoroughly. A liquid fertilizer can be applied with the water at planting to provide 

some immediate nutrients. 
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Staking and Guying Trees 

Protective staking may be necessary for young trees, trees less than 4 feet tall, or trees planted in high 

foot-traffic areas, such as school grounds or shopping centers. Stakes also protect young tree trunks from 

lawn mowers and weed eaters, which can severely damage the bark. An area of mulch around the tree is 

an alternative to protective staking. Trees with a trunk diameter greater than 1 inch and a height exceeding 

4 feet need staking or guy wires to hold them in place until they are established. Staking or guying a tree 

keeps it from blowing over and uprooting during establishment. Trees with a trunk diameter up to 3 inches 

can be supported by two to four stakes, depending on the size of the canopy. After they are placed in the 

ground, the height of the stakes should equal the height of the lowest scaffold branches. Place the stakes 

along the perimeter of the planting hole, and pound them several inches into the ground to hold them firmly 

in place. Secure the tree to the stakes with strong, 12-gauge wire. Attach the wire just above the lowest 

scaffold branches. Place the wire encircling the tree in a piece of old garden hose to prevent bark injury. 

Use three guy wires for trees larger than 4 inches in trunk diameter. Give the tree some slack so it can 

move slightly with the breeze. Research indicates that a tree allowed some movement during establishment 

develops a larger root system and stronger trunk than one that is kept stationary. Remove stakes and guy 

wires four to six months after planting to prevent girdling and trunk injury. Remove stakes from fall-

planted trees at the start of the spring growing season and from spring-planted trees at the end of the 

summer growing season. An alternative staking method that is becoming more popular with arborists and 

landscape professionals involves placing four wooden stakes (2 x 2 inches wide and 4 feet long) opposite 

one another just outside the root ball, leaving 4 inches of each stake protruding from the soil. Screws are 

used to secure two additional 2 x 2-inch stakes to the vertical stakes (Figure 9). This technique prevents 

the root ball from rocking during establishment, and does not harm the bark of the tree like guy wires 

sometimes do. 

Trunk Wrapping 

Trees often have their trunks wrapped to prevent injury during transport from the nursery to the garden 

center. When purchasing a tree with its trunk wrapped, remove the wrapping at planting time or shortly 

thereafter. It is not necessary to wrap the trunk of newly planted trees. 

Care of Newly Planted Ornamental Plants 

Watering: Regular watering is critical during establishment of newly planted trees and shrubs. Keep the 

root system moist, but not too wet, for the first six to eight weeks after planting. The amount of water and 

frequency of application depend on the soil type and the type of plant. Trees and shrubs may require 

watering twice a week when there is no rain. Annuals and ground covers may need daily watering during 

establishment. Let soil moisture be your guide for watering frequency.  

Fertilization: There are many slow-release fertilizers on the market that feed plants from six to 12 months 

with one application. Slow-release fertilizers generally cost more than general-purpose fertilizers, but they 

require fewer applications. Follow application guidelines on the bag or container. If you use general-

purpose fertilizers, use light applications for newly-planted ornamentals during the first growing season. 

For shrubs less than 12 inches tall, apply 1 level teaspoon of a 12 to 16 percent nitrogen source (12-4-8 or 

16-4-8) or 1 level tablespoon of an eight to 10 percent nitrogen source (8-8-8 or 10-10-10) three times during 

the growing season (March through September). Broadcast the fertilizer along the perimeter of the planting 

hole. Give trees 2 tablespoons of a 12 to 16 percent nitrogen source for each inch of trunk diameter three 

times during their first growing season. Broadcast fertilizers evenly over an area extending 6 inches from 

the trunk to 1 foot beyond the branch spread or canopy. 

Steps for Planting Success 

1. Survey the planting site. Modify the site, if necessary, to ensure a good growing environment. Select 

plants adapted to the site conditions. 

2. Purchase healthy, pest-free plants. 

3. When holding plants for later planting, keep them in the shade and water them regularly. 

4. Water plants thoroughly before planting to saturate the root ball with water. 
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5. Thorough soil preparation is essential for healthy plant growth. When planting a group of plants, rot till 

the soil to a depth of 12 to 15 inches. When planting a single tree or shrub, dig the planting hole two to 

three times wider than the root ball. 

6. Place the plant in the hole so the top of the root ball is level with the soil surface.  

7. Remove any wire or cord from around the stem of balled-and-burlapped plants. Pull back or remove the 

burlap from the root ball if possible. 8. Water thoroughly immediately after planting to settle the soil and 

to eliminate air pockets, which can dry out roots.   

8. Use stakes or guy wires to support trees or large shrubs on exposed, windy sites. 

9. Supporting devices are only temporary and should be removed a few weeks after transplanting.  

10. Apply 3 to 5 inches of mulch to the soil surface to conserve moisture and to prevent weeds.  

11. Water as necessary during the establishment period. Keep the soil uniformly moist — not too wet or 

too dry.  

12. Allow trees and shrubs time to become established before applying fertilizer. 
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Introduction 

Renewable energy sources production is economic and environmentally sustainable and it is a core area of 

contemporary research and industry (Farghali et al., 2019). Biogas is considered as a renewable energy 

which ensures more energy supply as clean, secure and continuous resource. Among many biological 

treatments, anaerobic digestion is the most significant procedure that converts organic matter to a form of 

methane by-product. It has various advantages such as low requirements of energy, nutrient, low sludge 

production and can operate with high loading rate at low hydraulic retention time (HRT). The important 

role of trace elements such as micronutrients is on the performance and to increase the methane production 

and degree of degradation. In pure and mixed cultures trace metal additions have been shown to increase 

degradation rates and increase methane production (Abdelsalm et al., 2016a). 

History of Nanotechnology 

In science and technology nanotechnology is an engineering and art of manipulating matter at the 

nanoscale (i.e., 100 nm) and is as one of the most important advancements. Nano is a Greek word which 

means dwarf and it gives the potential of new functional materials, devices, and processes with unique 

activity toward obstinate contaminants, and in environmental media it gives enhanced mobility. 

Nanoparticles (NPs) are termed as the particles which are in nanometric size. Richard Feynman a 

renowned Physicist considered as “The father of nanotechnology” (1959) and the term nanotechnology is 

coined by Norio Taniguchi, Tokyo Science Professor (1974). “Nano-technology’’ mainly consists of the 

processing, separation, consolidation and deformation of materials by one atom or by one molecule 

(Abdelsalm et al., 2016b). 

Classification of Nanomaterials 

The nanoparticles are classified into three categories 1) Organic 2) Inorganic and 3) Carbon based. 

1. Organic nanoparticles: The organic nanoparticles are dendrimers, micelles, liposomes and ferritin. 

These nanoparticles are biodegradable, non-toxic and some nanoparticles such as micelles and liposomes 

have a hollow core also known as nanocapsules. These nanocapsules are sensitive to electromagnetic and 

thermal radiation such as heat and light which makes them an ideal choice for drug delivery. In entrapped 

drug or adsorbed drug system the drug carrying capacity, its stability and delivery systems determines 

their field of applications and their efficiency apart from their other characteristics such as the size, 

composition and surface morphology. 

 
Organic nanoparticles: a – Dendrimers, b – Liposomes and c – micelles 
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2. Inorganic nanoparticles: Inorganic nanoparticles are those particles which are not made up of carbon. 

In inorganic nanoparticles there are two types they are metal and metal oxide-based nanoparticles. metal 

based nanoparticles nanoparticles are those nanoparticles that are synthesized from metals to nano-metric 

sizes either by destructive or constructive methods. Some of the the commonly used metals for nanoparticle 

synthesis are aluminum (Al), cobalt (Co), cadmium (Cd), cobalt (Co), copper (Cu), gold (Au), iron (Fe), lead 

(Pb), silver (Ag) and zinc (Zn). The nanoparticles have distinctive properties in which their sizes as low as 

10 to 100 nm. They have surface characteristics like pore size, high surface area to volume ratio, surface 

charge and surface charge density, crystalline and amorphous structures, shapes range from spherical and 

cylindrical and color, reactivity and sensitivity to environmental factors such as air, moisture, heat and 

sunlight etc. Electronics, optics, fluorescent materials, biosensors, as well as catalysts are main 

applications of metal nanoparticles. The metal oxide-based nanoparticles are synthesized to modify the 

properties and characteristics of their respective metal-based nanoparticles. Metal oxide nanoparticles 

became significant components in applied nanotechnology for trace gas sensors, batteries, magnetic storage 

media, catalysis, solar cells, energy conversion, architecture, medicine, food, agriculture, cosmetics, textile, 

antennas (including micro strip and patch-type optically transparent antennas), and rectifiers. 

 
Carbon based nanoparticles: a – fullerenes, b – graphene, c – carbon nanotubes, d – carbon 

nanofibers and e – carbon black 

3. Carbon based nanoparticles: The nanoparticles which are completely made up of carbon are knows 

as carbon-based nanoparticles. These nanoparticles are classified into fullerenes, graphene, carbon nano 

tubes (CNT), carbon nanofibers and carbon black. Carbon based nanoparticles are used for drug and gene 

delivery, bio-imaging, energy storage. 

Synthesis of Nanomaterials 

Nanoparticles can be synthesized chemically or biologically. There are many adverse effects have been 

associated with chemical synthesis methods due to the presence of some toxic chemical absorbed on the 

surface. Alternative to chemical and physical synthesis methods are biological ways of nanoparticles 

synthesis using microorganisms, enzymes, fungus, and plants or leaf extracts. The advantages of the 

biosynthesis methods via green route are easily available and inexpensive starting material, eco-friendly, 

short reaction time, easy to carry out compared to chemical methods of synthesis. 

1. Bottom-up method: Bottom-up method is also called as constructive method in which it is the building-

up of material from atom to clusters to nanoparticles. The most commonly used bottom-up methods for 

nanoparticle production are chemical vapor deposition (CVD), sol-gel, spinning, pyrolysis and biosynthesis. 

Advantages of bottom-up method are deposit parameters can be controlled and it is possible to distribute 
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the narrow size (1-20 nm), cheaper technique. Disadvantages are large-scale production is difficult and 

chemical purification of nanoparticles is required. It is also used to produce carbon nanotubes.  

2. Top-down method: The reduction of a bulk material to nano-metric scale particles is known as top-

down or destructive method. In this method the most widely used nanoparticle synthesis methods are 

mechanical milling, nanolithography, laser ablation, sputtering and thermal decomposition. Advantages of 

bottom-up method are large scale production, no chemical purification is required, and it is possible to 

deposit on a large substrate. Disadvantages are expensive techniques, various particle shapes, controlling 

the deposit parameters is difficult to achieve. These methods are used in the manufacturing of 

antimicrobial, electronic and biomedical products. 

Anaerobic Digestion 

Anaerobic digestion includes a series of biological processes that converts biowastes to methane (CH4), 

carbon dioxide (CO2) with other gases such as hydrogen (H2) and hydrogen sulphide (H2S). Four main steps 

are involved in anaerobic digestion (AD) process namely, hydrolysis, acidogenesis, acitogenesis and 

methanogenesis. Hydrolysis is the first step in the AD process in which large polymers react with water to 

form smaller organic compounds by the action of hydrolytic bacteria. In acidogenesis process, the products 

of the hydrolysis step are converted into organic acids under the action of acidogenic (fermentative) 

bacteria. The third stage of the AD process is the acetogenesis, in which it converts the products of 

acidogenesis into acetic acid, hydrogen and carbon dioxide by the action of acetogenic bacteria. 

Methanogenesis process is thes last step in the biogas production in which acetic acid, hydrogen and carbon 

dioxide produced from acetogenesis are converted to methane by the aid of methanogenic bacteria. The 

anaerobic digestion (AD) process is dependent on temperature, pH, total solids of feedstock, hydraulic 

retention time and C:N ratio (Krishna, 2013). 

Role of Nanoparticles in Anaerobic Digestion 

Nano-size is one of the key properties for interacting with the biological systems as it specifies the capability 

to break through cell membranes, hence facilitating the route across biological barriers, interaction with 

immune system, uptake, absorption, distribution and metabolism. Nanoparticles (NPs) have some 

exclusive characteristics such as high specificity, dispersibility, high reactivity, large surface area, large 

ratio of surface area to volume and self-assembly. Some of the researchers found that the nanoparticles 

(NPs) biostimulate the bacterial cells in which it immediately and tremendously enhances the bacterial 

activity and the potential of bacterial growth and cell division. Hence, recent nanotechnologies have been 

developed in the field of renewable energy especially in anaerobic digestion process to enhance or to 

increase the biogas and methane production. The appropriate use of nanomaterials to increase the biogas 

production is presumed to be actively dependent on the properties of base material (Yadvika et al., 2004). 

Trace additives are found to be essential constituents of cofactors and enzymes and their addition to 

anaerobic digesters has been shown to stimulate and stabilize the biogas process performance. Nanosize 

additives give biostimulating effect on the activity and performance of methanogenic bacteria at the time 

of beginning of the anaerobic digestion as well as during the hydraulic retention time (HRT) throughout 

the performance and it also reduces the lag phase. It increases both biogas and biomethane production and 

improves biomass to biomethane conversion efficiency. Some studies have shown that by addition of the 

addition of 1 mg. L-1 Co NPs and 2 mg. L-1 Ni NPs significantly increased the biogas volume ranged from 

1.62 to 1.64 and 1.72 to 1.74 times the biogas volume produced by the control and methane volume ranged 

from 1.83 to 1.86 and 2.00 to 2.01 times the methane volume produced by the control, respectively. Some 

studies have shown that by addition of the addition of 20 mg. L-1 Fe NPs and 20 mg. L-1 Fe3O4 NPs 

significantly increased the biogas volume by 1.3 to 1.5 and 1.5 to 1.7 times the control and methane volume 

by 1.63 to 1.67 and 2.01 to 2.16 times the methane volume of the control, respectively (Abdelsalm et al., 

2016a). 

Conclusions 

1. The addition of trace metals in form of nanoparticles not only reduces the lag phase but also the time to 

achieve the highest biogas and methane production. 
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2. The trace metals in form of nanoparticles will have a clear biostimulating effect on the methanogenic 

activity during the startup of the anaerobic process as well as during the hydraulic retention time till the 

end of the experiments. 

3. Hence, the effect of nanoparticles on the anaerobic digestion (AD) process and in turn on the biogas yield 

is an active area of research. 
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Introduction 

Quorum sensing is a process of cell–cell communication that allows bacteria to share information about cell 

density. Quorum sensing (QS) is a bacterial cell–cell communication process that involves the production, 

detection, and response to extracellular signaling molecules called autoinducers (AIs). The process is 

unproductive when undertaken by an individual bacterium acting alone but becomes beneficial when 

carried out simultaneously by large no. of cells. 

Quorum sensing enables bacteria to coordinate their behaviour. It is very important for pathogenic bacteria 

during infection of a host to coordinate their virulence in order to be able to establish successful infection. 

In 1905 E. F. Smith mentioned that “a multiple of bacteria are stronger than a few and the unions are able 

to overcome obstacles too great than a few”. Fuqua et al (1994) coined the term ‘quorum sensing’ for the 

cell-cell communication between bacteria. 

During 20th century Quorum Sensing was discovered by Nealson & Hastings in Vibrio fischer which can 

generate bioluminescence. Vibrio fischeri exists as free-living cells or as symbionts in the light producing 

organ of an animal host, such as the Hawaiian bobtail squid. Eberhard et al (1981) identified that V. fischeri 

autoinducer to be N- oxo-hexanoyl-L- homoserine lactone. 

Occurrence of Quorum Sensing 

1. Occur within a single bacterial species known as intraspecies communication. Eg: Vibrio fischeri. 

2. Occur between bacteria having different species i.e., interspecies communication. Eg: Vibrio harveyi. 

Between few local insects to determine where to nest. Eg: Ants. 

General Mechanism of Quorum Sensing 

1. Production and release of signaling molecules (Autoinducers). Eg: AHL, AIPs, AI2. AI-2 enables 

interspecific communication. 

2. Diffusion of Autoinducer molecule at low cell density leaving the Quorum Sensing circuit in active. 

3. Activation of Quorum sensing circuit by Autoinducers at higher concentration due to higher cell density. 

4. Transcriptional activation of down regulating genes by Autoinducer receptor complex or other activated 

signaling molecule. A regulatory protein (R) that can specifically detect the signaling molecule. 

5. Activation of virulence, biofilm formation, sporulation, competence and antibiotic production. 

 

In case of Gram-Negative bacteria, AHL or N-acyl homoserne lactones function as auto inducer molecule. 

These are synthesized by LuxI.  LuxR acts as Regulatory protein. 
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Quorum sensing mechanism in Gram negative bacteria 

Quorum Sensing Mechanism in Gram Positive Bacteria 

1. Oligopeptides act as Autoinducers. 

2. Auto inducer secreted by- ABC transporter. 

3. Auto inducer binds with receptor protein Histidine Kinase (H). 

4. Histidine kinase becomes activated and leads to phosphorylation of response regulatory gene (D). 

5. Regulatory gene facilitates the transcriptional activation by interaction with RNAIII. 

 

Quorum Sensing Signaling Molecules and Phenotypic Character Governed by the 

Molecules 

Bacteria Molecule character 

Pseudomonas syringae pv tabaci CSH L Iron acquisition 

Pectobacterium carotovorum CSH L Extra cellular cell wall 

degrading enzymes 

Pseudomonas syringae pv syringae 3-OXO-C6-HSL Oxidative stress tolerance 

Agrobacterium tumefaciens 3-OXO-C8-HSL Ti Plasmid conjugational 

transfer 

Quorum Quenching 

Interruption of signaling communication between bacteria is known as quorum quenching. By interrupting 

the communication between bacteria may weaken the bacterial population by reducing biofilm formation, 

iron acquisition and by reducing polygalactorunase, pectinase and other extracellular enzyme synthesis. 

Strategies for Quorum Sensing Inhibition 

1. Targeting signal generation. 

2. Targeting AHL signal dissemination.             

3. Targeting the signal receptor. 

Conclusion 

Quorum Sensing is the signal-based density-dependent communication in bacteria. It allows bacteria to be 

multi- cellular similar to higher organisms. It also allows bacteria to activate virulence, sporulation & 

antibiotic production. Inhibition of the signal-based communication is called quorum quenching. Thorough 

research is required in identifying newer strains of microorganism which can exhibit QQ activity. More 
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research has to be conducted to test field efficacy of QQ such as Development of Transgenic Plant containing 

Anti-QS genes. 
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Introduction 

Medicinal plant is those plant rich in secondary metabolites and are potential sources of drugs. These 

secondary metabolites include alkaloides, glycosides, coumarins, flavonoides, steroides etc. These plants 

from the main base for the manufacture of drugs of Indian Systems of Medicine (ISM) (Ayurveda, Unani, 

and Siddha) and Homoeopathy. Supply a substantial amount of raw material amount of raw material 

required for the indigenous drug industry. World Health Organisation (WHO) has listed over 21,000 plants 

used around the world for medicinal purpose and in the India 8000 species listed available. India already 

a major exporter of medicinal plant. It is estimated that nearly US$53 million worth of raw material and 

drugs from medicinal plant are exported from India. 

Processing in order to make use of its latent medicinal qualities’ plants must be treated and modified in 

such a way that its specific curative substances can be extracted. Nearly 9,500 registered herbal industries 

and a multitude of unregistered cottage-level herbal units depend upon the continuous supply of medicinal 

plants for manufacture of herbal medical formulations based on Indian Systems of Medicine. It is estimated 

that more than 6,000 higher plant species forming about 40% of the higher plant diversity of the country 

are used in its codified and folk healthcare traditions. 

Processing Technology of Medicinal Plant 

 

Processing of Medicinal Plants 

 
Decoction: In this process, the crude drug is boiled in a specified volume of water for defined time. It is 

than cooled and strained or filtered. This procedure is suitable for extracting water soluble, heat stable 
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constituents. This process is typically used in preparation of Ayurvedic extracts called “Quath” or 

“Kawath”eg Tulsi. 

Extraction: In this method for obtain active ingredient from the plant part of which are soft and fragile 

like flower and buds dipped in water than boil like decoction but vapour should be condensed eg 

Aswagandha and Tulsi. 

 

Infusion: Infusion is prepared by macerating the crud drugs for a short period of time with cold or boiling 

water. These are dilute solutions of the readily soluble constituents of crude drugs eg. Isabgol. 

 

Maceration: Plant part whole ingredient soluble in cold water are dipped in water for several hours and 

the active ingredient dissolve in solvent especially for those medicinal plant cannot be heated for extraction. 

 

Dehumidifying: An effective but expensive way to dry herbs to use as dehumidifier, which literally sucks 

water out of the plant. 

 

Freeze- drying: Freeze – drying retains colour and flavour but is more suited to culinary than to medicinal 

herbs .eg. Parsley, sage, Chick weed. 
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Value Addition or Processing 

1. Decoction: Tulsi.  

2. Juice extraction: Tulsi, Ashwagandha.  

3. Maceration: Mallow. 

4. Infusion: Tulsi, Isabgol.  

5. Dehumidifying: Dry herbs are used. 

6. Frees drying: Parsley, sage, chickweed. 

7. Preservation: A warm dry place. 

Procedure used for Extraction of Essential Oil in Medicinal / Aromatic Plants 

1. Pressing/ cold expression 

2. Tapping 

3. By effleurage (Absorption of the fragrant oil in a greasy oil then separated by solvent distillation) 

4. Steam distillation – Tulsi, Kalmegh  

5. Water distillation – Tulsi, Kalmegh  

6. Hydro diffusion by application of gentle pressure during distillation. 

7. Carbon dioxide extraction. 

8. Molecular distillation. 

Processing Technology of Important Medicinal Crops 

Groups Botanical Name Family Processing 

Medicinal yam  Dioscorea floribunda Dioscoreaceae  Drying of tubers  

Fox- glove Digitalis lanata  Scrophularaceae  Drying of leaves 

Opium poppy Papaver somniferum  Papaveraceae  Lanching in capsules and collect 

latex 

Pyrethrum  Chrysanthemum 

cinerariaefolium  

Campositae  Drying of flowers by sun drying/ 

by kiln  

Sarpa gandha  Rauvolfia serpentina  Apocynaceae  Drying of roots 

Senna  Cassia angustifolia Leguminaceae Drying of leaves and pods 

Isabgol  Plantago ovata  Plantiginaceae Seeds are removed by thresthing 

and winnowing and husk is 

seperated by series of sheller and 

grinding pressure  

Medicinal solenum  Solenum khasianum  Solenaceae  Drying of berries 

Periwinkle  Cathararanthus roseus  Apocynaceae  Drying of leaves by sum drying 

roots are dried in shade 

Bellabona  Atropa belladona  Solenaceae  Drying of leaves by sun drying  

Liquorice  Glycyrrhiga glabra Fabaceae Drying of roots  

Kalihari Gloriosa superba  Liliaceae Capsules are dried in shed seeds 

are dried in sun 

Datura Datura species Solenaceae  Drying of leaves/ drying of seeds 

Safed musli Chlorophytum 

borivilianum 

Liliaceae  Washing and drying of tubers 

Brahmi Bacopa monnieri Scrophulariaceae Whole plants are dried in sun 

Ashwagandha Withania somnifera Solenaceae Drying of roots 

Kalmegh Andrographis 

paniculata 

Acanthaceae Herbs are dried in sun 

Guggal  Commiphora wightii Burseraceae Tapping is done and gum are 

extracted  

Aloe vera Aloe barbadensis Liliaceae Drying of leaves and aloe gel are 

obtained by cutting of leaves 

Tulsi Ocimum basilicum Labiatae Distillation of oil in leaves. 
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Advantage of Processing of Medicinal Plant 

1. Fast enough to retain their active ingredients  

2. Increase medicinal value 

3. Made valuable medicine 

4. Insure its freeness from foreign organic matter  

5. Medicine quality increased  

6. Enhance marketable value 

7. Easy to storage and transportation 

8. Pharmaceutical elegance of the herbal raw material  

9. Provide scope for employment as well as income generation at the village label. 

Utilization of Traditional System of Medicine 

1. Quality control standards. 

2. Modernization of methods of products. 

3. New dosage forms and pharmacokinetics. 

4. Shafty of drugs used in chronic diseases. 

5. Integration with modern medicine. 

Use of Essential Oil Made in Different Products 

1. Dental preparation- Toothpaste, tooth powder, mouth wash etc 

2. Beverage- Soft drinks, juices, sparkling water 

3. Confectionery- Chocolates, candies, biscuits, jam, jellies, chewing gums, Indian sweets. 

4. Confectionery- Chocolates, candies, biscuits, jam, jellies, chewing gums, Indian sweets. 

5. Processed food- Meat, poultry, soups, noodles etc 

6. Snack food- Potato wafers, savouries etc 

7. Dairy product- Icecream, yoghurt and cheese. 

8. Pharmaceuticals. 

9. Others. 

Medicine System Practiced in World 

1. Modern system of allopathy:   

a. Developed in western countries 

b. In this system (Tablets, capsules, injections, tonic etc) are manufactured 

c. Uses modern equipment for diagnosis, analysis, surgery 

d. Harmful side effect of certain drugs 

e. Out of reach of poor people 

f. System used all the countries of the world today. 

2. Traditional system or alternative medicine: 

a. Different countries developed own traditional system of medicine. 

b. China developed Chinese system of medicine 

c. In south Africa Zulin system of herbal medicine 

d. In middle east arab Unani or Tibb system  

e. In india Ayurvedic developed in North india. 

f. Siddha developed in Tamilnadu  

g. Nagarjun in Andra Pradesh  

h. Pollution free. 

i. Eco friendly. 

j. No side effect. 

3. Folk Medicine:  

a. System used in various tribals/ abarigins of different countries. 

b. The tribe who has knowledge of treating disease keep this as a closely guarded several and passes 

it to the next generation by word of mouth. 
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Abstract 

Haustorium or “apple” is a characteristic feature present in the species belonging to the Palmaceae family. 

Coconut (Cocos nucifera L.) has a remarkably large haustorium which is a spongy storage organ with 

extensive undulations on the periphery.The tissues have a large number of starch granules and oil droplets. 

Haustorium plays a key role in nutrient mobilization during coconut germination and seedling growth.It 

also finds utility as a delicious and nutritious food, containing high levels of soluble sugar. 

Introduction 

The coconut palm (Cocos nucifera L.) belongs to the palm family, one of the largest in 

the monocotyledon group. It is an economically important plant and it has many uses, including providing 

food and oil for millions and ornamental aesthetics (Rieger, 2006). It is slightly sweet and oily, serving as 

astorage organ to support seed germination and seedling development. 

What is Coconut Haustorium? 

The edible portion of coconut comprises of the liquid endosperm (coconut water) and the solid endosperm 

(coconut meat or kernel). A tiny embryo weighing 0.06-0.12 g is embedded in the solid endosperm near the 

germinating pore. The solid endosperm is the lipid reserve, the liquid endosperm is the sugar reserve, and 

the growing embryo depends on these reserves as sources of energy during germination. During 

germination, the embryo forces itself out through the germ pore, and the developing embryo forms a button 

of tissue which rapidly develops into a plumule (shoot) and a radicle. Simultaneously, the basal portion of 

the embryo increases in size to form a cotyledonary structure, called the haustorium. The haustorium is a 

spongy tissue with extensive undulations on the periphery. During germination it enlarges, keeping in 

close contact with the endosperm and finally filling the entire central cavity. This is conceivably an adaptive 

feature to facilitate mobilization of nutrients by the embryo from a larger reserve. 

A fully-developed haustorium consists of an undulating outermost layer, the epithelium, which is 

responsible for endosperm degradation. This tissue is formed by tightly packed cells containing abundant 

organelles such as mitochondria, glyoxysomes, plastids, endoplasmic reticulum, dyctyosomes and small 

vesicles. Vascular bundles are found under the epithelium and adjacent cells. The inner cell layers are 

loosely connected unstructured cells with large intercellular spaces (aerenchyma). The expansion of 

intercellular space leads to considerable increase in the size of haustorium which keeps it in continual 

physical contact with the degrading endosperm (Sigimura andMurakami, 1990). Coordinated functions of 

various tissues, namely embryo, solid and liquid endosperms, and haustorium, are extremely important in 

bringing about the complex biochemical events that transform the embryo into a seedling. 

Functions of Haustorium 

The haustorium functions as an absorptive and storage organ, transporting the products of endosperm 

hydrolysis to the seedling and plays a key role during the process of germination and initial seedling growth 

(Sugimuma and Murakami, 1990). Liquid and solid endosperm inside the coconut exhausts consecutively, 

while haustorium occupies the nut gradually and concurrently supplies nutrients for the growing seedling.  

The haustorium builds up and stores starch and lipid reserves in granules and oil droplets, respectively. 

The quantum and distribution of these stored reserves change during the different stages of haustorium 
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development. In the initial stage, starch grains accumulate in the entire parenchyma, while no starch 

grains are present in the epithelial and vascular tissues. Oil droplets are scattered throughout the different 

tissues. During the process of haustorium development, the epithelium and neighbouring cells located in 

periphery have a large number of starch granules and oil droplets, however, the number of starch granules 

and oil droplet containing cells decreases gradually towards the central tissues (Krishnankutty et al., 1990). 

The epithelium bearing the major haustorial tissue is involved in numerous functions such as adsorption, 

digestion, metabolism and mobilisation of reserves in the solid and liquid endosperm. It is involved in a 

variety of biochemical reactions leading to the conversion of lipids and complex carbohydrates of the 

endosperm into simple sugars (Sigimura and Murakami, 1990). 

Galactomannan is the major carbohydrate present in mature solid endosperm. Mannanase and 

galactosidase are the two enzymes involved in the three-step process of hydrolysis of galactomannan. 

Invertase and amylases are also confined in epithelium tissues and involved breakdown adsorbed sucrose 

from liquid and solid endosperm and the accumulated starch in the haustorium. Both phosphoglucomutase 

and phosphoglucoseisomerase are also specific to the epithelial and subepithelial cell layers and involved 

in sugar conversion (Sigimura and Murakami, 1990). Products derived from this carbohydrate metabolism 

serve as a ready source of energy whichis important at early stages of germination. 

Once the carbohydrate reserves have almost been depleted, the haustorium initiates the utilisation of lipid 

reserves. Endosperm lipases release lipids, particularly triacylglycerols (TAG) and non-esterified fatty 

acids (NEFA). These lipids are absorbed by haustorium and TAG is further hydrolysed by haustorium 

lipases. The NEFA are finally converted into sugars by enzymes involved in oxidation and glyoxylate 

pathways in glyoxysomes of epithelial cells. Vascular bundles in haustorium mobilise these derived sugars 

to the shoots and roots. These functions are maintained until the seedlings own photosynthetic machinery 

begins (Balachandran and Arumughan, 1995a, b). 

Nutritional Aspects of Coconut Haustorium 

Coconut haustorium is composed of various nutrients such as sugars, proteins, minerals, alkaloids and 

polyphenols. There is a linear increase in the starch content upon maturation. In contrast, soluble and 

reducing sugar content increases rapidly and becomes static on maturation. The excess carbohydrate 

available from the kernel are stored in the form of starch in the haustorium. Coconut haustorium contains 

about 85 to 88% moisture,10% of soluble nutrients which include a considerable number of sugars, dietary 

fibre, small number of amino acids and proteins. Being a rich source of simple sugars (except lactose), it 

could be used as primary energy source for children suffering from lactose intolerance. The soluble and 

insoluble fibres present in the haustorium range between 4.96 to 6.20 % and 17.1 to 23.2 %, respectively.  

The predominant amino acids in the haustorium include aspartic acid (29.9%), alanine (11.4%), proline 

(9.32 %) and glutamic acid (6.35%). The amino acid score value of histidine (170%), valine (160%) and lysine 

(135%) were higher than the recommended value of FAO, whereas the threonine score was on par with the 

FAO reference value. The aromatic amino acids namely phenylalanine and tyrosine and leucine, sulphur 

containing amino acids, isoleucine scores were very less (32.5, 45.7, 57.6 and 68%, respectively) explaining 

the deficit state. Hence, addition of essential amino acid rich food matrices is essential to make coconut 

haustorium as nutritionally superior in value added products. Presence of high amount of acidic amino 

acids viz., aspartic and glutamic acids improve the flavour of the haustorium. Based on the biochemical 

and nutritional characteristics of coconut haustorium,100g of dried coconut haustorium is known to contain 

1.05±0.2 % ash, 24.5±3.2 % starch, 44.2±4.6 % soluble sugar, 5.50±0.3% protein, 1.99±0.9% fat, 5.72±0.4% 

soluble dietary fibre, 20.3±1.9% insoluble dietary fibre and 146±14.3mg phenolics. Mineral profiling 

indicated the presence of 145±8.6, 104±9.6, 33.9±8.2, 30.9±1.9, 9.45±2.1, 0.292±0.1, 2.53±0.2 and 1.20±0.1 

mg of K, Mg, Ca, P, Mn, Cu, Fe and Zn, respectively Manivannan et al. (2018). The fortification of 

haustorium with calcium and phosphorous is essential to transform it into a nutritionally balanced food as 

it is low in calcium and phosphorus. 

Value Added Products from Coconut Haustorium 

CDB Institute of Technology (CIT) has developed some novel value-added products which are of commercial 

value (Aneeta Joy et al., 2021).  
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Haustorium candy: The haustorium candy is prepared by treating the haustorium in sugar syrup. It is a 

jelly like product. For preparing the candy, washed haustorium is sliced into 1-inch sized pieces. For giving 

firmness to the meat, pre-treatment with 1% calcium hydroxide solution followed by 1% alum solution is 

required. The haustorium slices are then washed in running water and drained. The slices are dipped in 

50º brix sugar solution for 2-3 hours. The mixture is boiled by adding citric acid until the solution attains 

65º brix and is kept for 24 hours. Osmotic dehydration occurs and the brix is reduced to about 45º. It is 

further reheated bring the brix level to 70º. The reheating process is repeated the next day also. The mixture 

is then cooled, and food flavours and colours are added into the sugar solution. Flavours like lemon, pine 

apple, litchi, guava, mango, strawberry, chilli, lemon-mint, chilli-pepper etc were tried and found suitable 

for the candy. The mixture is then kept for 10-12 hours for the absorption of flavour and colour. The treated 

haustorium slices are removed from the syrup and drained completely. The drained slices are finally dried 

in hot air oven at 70-80ºC temperature until it attains 3% moisture level. The novel product, haustorium 

candy has an excellent taste and appearance. It is sweet, chewy and is in a ‘ready to eat’ form. 

Protein Health Mix: The health mix has been formulated using coconut haustorium and virgin coconut 

oil (VCO) residue as major ingredients. Freshly harvested haustorium are washed, sliced and blanched in 

0.05% KMS solution. Ingredients include arrow root powder (22%), haustorium powder (20%), virgin 

coconut oil residue (20%), sprouted green gram powder (8%), milk powder (10%), sugar (20%), flavour and 

salt. All the ingredients aredried separately at 90ºC for 1-2 hours in a hot air oven dryer. The dried 

ingredients are then powdered and packed in laminated aluminium foil pouches. 

Coconut haustorium based extrudates: Arivalagan et al., (2018) prepared the coconut haustorium 

based extrudates. Coconut haustorium has been added to rice and maize flour in the proportion of 50% rice, 

30% maize and 20% haustorium and extruded in twin-screw extruder. It is healthy and nutritious, based 

on the biochemical constituents and overall sensory acceptability.  

Coconut haustorium flours: Smita et al. (2018) prepared and studied the peeled and unpeeled coconut 

haustorium flours and these flours can be used for food industries for novel product formulations. Chemical 

composition of coconut haustorium flours showed that amount of fat and ash were high for unpeeled flour 

while moisture, fiber, carbohydrate, starch and amylose were high for peeled flour. Coconut haustorium 

flour showed very low starch yield. 

Ready To Serve beverage: Refreshing ready to serve (RTS) beverage using coconut haustorium was 

prepared with 18% extracted haustorium in sugar, citric acid and 0.2% pectin which comply with SLS 

729:2010. Coconut haustorium is commercially viable, cheaper food source which has the potential of 

developing more nutritious beverages which can be introduced as a new product as well as an alternative 

for commercial coconut water (Senarath and Perera, 2018). 

Conclusion 

Coconut haustorium is a spongy storage organ which is a nutrient rich, healthy food with health promoting 

properties. It contains two different parts, oil rich outer yellow part and the carbohydraterichinner white 

part. Currently it is underutilized in human nutrition. The knowledge about the utilization of haustorium 

as an edible nutritious food for human is still scanty. And has tremendous scope to be incorporated in our 

daily diet.   
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Introduction 

Metabolites are the products and intermediates of cellular metabolism. These can have a range of functions 

varying from energy conversion, signaling, epigenetic influence and cofactor activity. The metabolites are 

broadly classified into two categories, one is primary metabolites and another one is secondary metabolites. 

A primary (10) metabolites are those which are directly involved in physiological functions such as normal 

growth, development and reproduction of an organisms. The 10 metabolites include carbohydrate, protein, 

lipids, nucleic acid and hormones which are involved in normal functioning of an organisms. 

The plant sec0ndary (20) compounds are chemicals substances produced by plants that are not necessary 

to normal functioning of the plant. They are known to be produced primarily as chemical toxins and anti-

grazing agents, but they can also be used in formation of pigments, hormones and chemical agents in plants. 

The secondary metabolites are chemical compounds produced by the plant cell through metabolic pathways 

derived from the primary metabolic pathways are not directly involved in the normal growth, development 

and reproduction of an organism but play an important role in plant defense against insect herbivory and 

avoid infection by microbial pathogens. Major class of 20 plant metabolites are: 

1. Terpenes. 

2. Phenolic, flavonoids and polyphenolic compounds. 

3. Nitrogen-containing alkaloids. 

4. Sulfur-containing compound. 

The Role of Plant Secondary Metabolites in Relation to Insect Ecology 

Plants produce a diverse array of secondary metabolites, these metabolites are used by insects to 

communicate with other individuals, can be act as anti-grazing agents to insect herbivores. Many insect 

herbivores are highly specific to these chemical messengers and can be used as defensive substances of 

their own, specific host-finding cues, and even as sex pheromones. The role of these plant secondary 

metabolites can be understood under the following headings. 

1. Plant secondary metabolites can be used as host-finding cues to identify the ovipositional 

substrate and larval feeding host: Several insect herbivores feed on a limited number of host plants 

that are often belong to related plant family. The choice of plants as suitable host is determined at the egg-

laying and larval-feeding stages. 

 
 

Citrus swallowtail butterfly Cabbage white butterfly 

(Papilio protenor) (Pieris brassicae) 

The host recognition by insect is a behavioural process which involves multiple sensory modalities 

interactions viz., visual, olfactory, gustatory, and tactile cues. The secondary plant metabolites are known 
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to involve in controlling egg-laying and larval-feeding behaviour of insect herbivores. Some of examples 

includes the citrus swallowtail butterfly, Papilio protenor uses flavonoid (hesperidin), alkaloid (synephrine) 

and an amino acid derivative (stachydrine) to identify its ovipositional substrate. Similarly, the cabbage 

white butterflies Pieris rapae and P. brassicae (Pieridae) uses glucosinolates as oviposition and larval 

feeding cues emitted from host (crucifers). 

2. Plant secondary metabolites can be used as barriers to disrupt the host-finding behavior: 

Plant secondary metabolites besides acting as host finding cues, these can also disrupt the host finding 

behaviour. The diverse array of secondary metabolites produced by host plant are also known to disrupt 

processes such as host-finding behaviour by an insect herbivore. The flavonoid, triglycoside is identified as 

one of chemical barrier for oviposition by citrus swallowtail, Papilio Xuthus on the leaves of rutaceous 

plants. The glucoside produced by genus Vicia hirsute are identified as probing deterrents to bean aphid. 

  
Citrus swallowtail butterfly Bean aphid 

(Papilio protenor) (Aphis fabae) 

3. Plant secondary metabolites can be used as defense agents against natural enemies: Many 

insect herbivores seem to sequester plant secondary metabolites in their body tissues and exoskeleton. 

These sequestered metabolites can be employed for defense mechanism against insect predator and 

parasitoids without synthesizing toxic chemicals of their own. Sequestered phytochemicals include 

secondary metabolites such as alkaloids, terpenoids, and phenolics which normally function to repel 

natural enemies. The giant danaine butterfly, Idea leuconoe (Nymphalidae) feeds on Parsonsia laevigata 

and sequesters a series of metabolites, pyrrolizidine alkaloids from its host plant and it acts defensive 

chemical against predators. 

 
Giant danaine butterfly 

(Idea leuconoe) 

4. Plant secondary metabolites in sexual communication: In nature, insects produce a diverse array 

of sex pheromones to attract the individuals of opposite sex of the same species. These pheromones are 

highly species-specific with unique chemical structures and/or combinations of multiple components 

manufactured by specific biosynthetic pathways. However, in some instances, insects also employ specific 

plant secondary metabolites to attract the opposite sex of same species. The giant danaine butterfly, Idea 

leuconoe employ secondary metabolites like danaidone and viridifloric β-lactone to attract their mating 

partner. 

Conclusion 

In nature there exist large array of secondary metabolites. The insects effectively recognize host plants 

that produce specific primary and secondary metabolites via their finely tuned chemoreceptors. Similarly, 
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insects employ secondary metabolites to reject non-hosts plants. In addition, secondary metabolites 

sequestered by insects to repel their enemies. Host adaptation and speciation in insects are tightly 

connected to synthesis of plant secondary metabolites, and these chemical messengers have great role to 

play in insect herbivore and host interaction, even in their interaction with natural enemies and 

surrounding environments. 
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Introduction 

Rural poverty and unemployment in India have grown in an unprecedented manner during the last few 

decades. There is a growing incidence of illiteracy, blind faith, hungry people, malnourished children, 

anaemic pregnant women, farmer suicides, starvation deaths, migration resulting from inadequate 

employment, poverty, and the failure of subsistence production during droughts. In order to make solution 

of these problems and to provide livelihood security to rural unemployed, Government of India (GOI) 

enacted the National Rural Employment Guarantee Act (NREGA) in 2005. The National Rural 

Employment Guarantee Act (NREGA) aims at the ‘right to work’. It is a demand driven Scheme, approved 

by the Indian Parliament in September 2005. This Act started functioning from 2nd Feb.2006. It was 

renamed as ‘Mahatma Gandhi National Rural Employment Guarantee Act’ on 2-10-2009. 

History 

1. Launched on Feb 2, 2006 from Anantapur in Andhra Pradesh. 

2. Implemented in phased manner covering 200 districts, with minimum wages Rs. 60. 

3. It was started with the budget of 11000 crores. 

4. Strengthen the social and gender equality dimensions as 23.00 % workers under the scheme are 

Scheduled Castes,17.00 % Scheduled Tribes. 

 

Aims of MGNREGA 

1. To provide at least 100 days of unskilled work on demand per household per annum within 15 days and 

within 5 KMs radius near to his/her address to all adults who have completed 18 years of age, thus by 

ensuring economic security to rural people. 

2. Equal wages for men and women and preference should be given to women in each work and at least 

one-third (33%) of persons to whom work is allotted have to be women, thus ensuring women empowerment 

and social equality. 

3. Creation and maintenance of rural assets and environmental protection. 
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4. Lowering of rural-urban migration.  

5. Panchayat Raj Institutions to have a principal role in planning and implementation and each district 

has to prepare a shelf of projects. 

Salient Features of the MGNREGA 

1. Provide unskilled manual work to adults of rural areas. 

2. The Gram Panchayat issue a Job Card.  

3. The Job Card should be issued within 15 days of application. 

4. Job card holders submit a written application for employment to the Gram Panchayat. 

5. Employment will be given within 15 days of application for work. 

6. Work should ordinarily be provided within 5 km radius of the village. 

7. Wages are to be paid according to the Minimum Wages Act 1948 in the State. 

8. Wages are to be paid according to piece rate or daily rate. 

9. The wages under a scheme may be paid either in bank account or Post office. 

10. At least one-third beneficiaries shall be women who have registered. 

11. The facilities provided at the work site viz. safe drinking water, shade for children and periods of rest 

etc. 

12. Projects for a village will be recommended by the Gram Sabha and approved by the Zilla Panchayat. 

13. Permissible works predominantly include Water and Soil Conservation, Afforestation and Land 

Development works. 

14. Central Government bears the 100 % wage cost of unskilled manual labour. 

15. Social Audit has to be done by the Gram Sabha. 

16. If any employed person injury under the scheme, free charge medical treatment will be provided. 

17. Wage and material ratio 51:49 has to be maintained. 

Types of Work Under MGNREGA 

1. Water Conservation and water harvesting  

2. Drought Proofing 

3. Irrigation canals including micro and minor irrigation works 

4. Renovation of traditional water bodies  

5. Land Development 

6. Flood control and protection works 

7. Rural connectivity 

8. Agriculture related works. 

9. Livestock & Fisheries related work. 

10. Rural drinking water related work. 

11. Rural sanitation related works. 

Definition of Livelihood 

Livelihood are ‘means of making a living’ the various activities and resources that allow people to live. 

“Livelihood comprises the capabilities, assets (including both material and social) and activities requires 

for means of living. 

Components of Livelihood 

People require a range of assets to achieve positive livelihood outcomes. 

1. Human Assets  

2. Natural Assets  

3. Social Assets 

4. Physical Assets 

5. Financial Assets. 

Livelihood Includes Following Assets 

1. The assets people drawn upon. 

2. The strategies they develop to make living. 
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3. The context within which a livelihood is developed. 

4. Those factors that make a livelihood more or less vulnerable to shock and stresses. 

So Huge Potential Exists for MNREGA Convergence with Agriculture and Allied 

Programme such as 

National Horticulture Mission: Plantation of crops coconut, arecanut. Bamboo planting. Reclamation of 

saline and alkaline soils. Establishment of model nurseries. Development of horticulture farms. 

Development of grass land. 

Rashtriya Krishi Vikas Yojana: Watershed Development, Plantation of Date palm, Jetropha and 

Sandal, Treatment of saline and water-logged areas, checking salinity in coastal areas and land 

development of hilly areas. 

National Food Security Mission: Increases production of rice, wheat and pulses through area expansion 

and productivity enhancement in a sustainable manner in the identified district. Restoring soil fertility 

and productivity at the individual farm level. Creation of employment opportunities and enhance farm level 

economy. 

Focus on Social Equity 

MGNREGA has a focus on social equity and has ensured a high participation rate of the poorest and most 

excluded households (SC and ST), which represent 14% and 8% of the population in India, respectively. 

Overall, SC and ST households make up 20% of MGNREGA participants. Overall, women’s participation 

exceeds the one-third quota: in 2009/10, it was at 46% of participants. Many factors influence the number 

of women employed in MGNREGA, including existing cultural and social norms, wage rates and provision 

and quality of child care facilities. Moreover, the quality of participation for women remains a challenge, 

in particular in cases of unequal wages and the allocation of inappropriate work. 

The Act is a Centrally Sponsored Scheme on a cost sharing basis by the Central and the States 

Governments as follows:  

Central Government to pay for: Wage costs, 75% of material costs, and some administrative costs.  

State governments to pay for: 25% of material costs, other administrative costs and unemployment 

allowance. 

Conclusions 

1. MGNREGA is really a boon for the rural people. 

2. India’s MGNREGA is the only Act which gives its rural people such a right and that too in the era of 

Liberalization, Privatization and Globalization (LPG). It has a vital role to play because of its humane 

approach. It serves as an effective safety net for the unemployed especially during famine and drought. It 

has enabled them with sufficient purchasing power and they are able to at least to supports their basic 

necessity i.e., food. The Act has confined the rural poor to their areas and stopped migration to the cities. 

MGNREGA improves the standard of living of the rural people. MGNREGA offers an opportunity to initiate 

broad based through poverty reducing, employment generation, and consequences demand expansion. It 

will ultimately lead to sustainable development. 

3. This legislation has been bringing about a silent revolution in rural areas of the country. 

4. MGNREGA is a partial victory towards a full‐fledged right to employment. 

5. MGNREGA Act for the first time brings the role of the state as provider of livelihood within the reach of 

the participants/beneficiaries themselves. 
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The Government with the aim of transforming agriculture in the country and raising farmers’ income has 

passed three types of important legislation from Parliament.  

1. The Farmers' Produce Trade and Commerce (Promotion and Facilitation) Act, 2020,  

2. The Farmers (Empowerment and Protection) Agreement of Price Assurance and Farm Services Act, 

2020, 

3. Essential Commodities (Amendment) Act, 2020. 

The Farmers' Produce Trade and Commerce (Promotion and Facilitation) Act, 2020 

The Act provides the farmers the freedom of choice related to sale and purchase of produce. The farmers 

will not be charged any levy for sale of their produce under this Act. Further, there will be a separate 

dispute resolution mechanism for the farmers. 

 

It promotes barrier-free inter-state and intra-state trade and commerce outside the physical premises of 

markets notified under State APMCs. It will open more choices for the farmer, reduce marketing costs for 

the farmers and help them in getting better prices. The Act will help create One India, One Agriculture 

Market and will lay the foundation for ensuring golden harvests for our hard-working farmers. 

The Farmers (Empowerment and Protection) Agreement of Price Assurance and Farm 

Services Act, 2020 

This law aims to provide a national framework on farming agreements that protects and empowers farmers 

to engage with agri-business firms, processors, wholesalers, exporters or large retailers for farm services.  

It will transfer the risk of market unpredictability from the farmer to the sponsor and also enable the 

farmer to access modern technology and better inputs. This legislation will act as a catalyst to attract 

private sector investment for building supply chains for supply of Indian farm produce to national and 

global markets, and in agricultural infrastructure. Farmers will engage in direct marketing thereby 

eliminating intermediaries resulting in full realization of price. 
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Amendments to Essential Commodities Act (1955) 

India has become surplus in most agri-commodities but farmers have been unable to get better prices due 

to lack of investment in cold storage, processing and export. The imposition of the curbs on stocking of farm 

produce and regulation of the prices of commodities, etc. under Essential Commodities Act (ECA) are some 

of factors responsible for less entrepreneurial spirit and thus less investment in the farm sector. The 

amendment would deregulate the commodities such as cereals, edible oils, oilseeds, pulses, onions and 

potatoes. 

It will help to lessen the fears of private investors of excessive regulatory interference in their business 

operations. Any limits under ECA over these commodities will be imposed only in exceptional 

circumstances such as war, famine, extraordinary price rise and natural calamity. The freedom to produce, 

hold, move, distribute and supply will lead to harnessing economies of scale and attract private 

sector/foreign direct investment into the agriculture sector. 

It will help drive up investment in cold storages and modernization of the food supply chain. The 

amendment is expected to help both farmers and consumers while bringing in price stability. It will also 

create a competitive market environment and also prevent wastage of agri-produce that happens due to 

lack of storage facilities. It is considered as a step towards transformation of agriculture and raising 

farmers’ income. 

The reforms are expected to accelerate growth in the sector through private sector investment in building 

infrastructure and supply chains for farm produce in national and global markets. They are intended to 

help small farmers who don’t have means to either bargain for their produce to get a better price or invest 

in technology to improve the productivity of farms. 

The legislation on contract farming will allow farmers to enter into a contract with agri-business firms or 

large retailers on pre-agreed prices of their produce. It will also help farmers of regions with surplus 

produce to get better prices and consumers of regions with shortages, lower prices. It will promote the 

creation of Farmer Producer Organizations (FPO) on a large scale and will help in creating a farmer-

friendly environment for contract farming where small players can benefit. 

Competition is the best protector of stakeholders whether it is consumer or the farmers. Having a variety 

of buyers will protect farmers from exploitation and by having more sellers (farmers), consumers can buy 

better products at better deals. 

Impact on Indian Agriculture 

The farmers will earn better income as they get to dictate their own price and do not have to pay 

transportation charges anymore.  

Competition is the best protector of stakeholders whether it is consumer or the farmers. Having a variety 

of buyers will protect farmers from exploitation and by having more sellers (farmers), consumers can buy 

better products at better deals. 

Although the role of middlemen is not going to end completely, their hold on the trade will not be as strong.  

It proposes an electronic trading in transaction platform for ensuring a seamless trade electronically.  

None of the legislation affects the Minimum Support Price in any way as the MSP is an administrative 

decision not a law.  

Agricultural Produce & Market Committee (APMC) will still be available as a choice to sell their products.  

The sale, lease or mortgage of farmers’ land is totally prohibited and farmers’ land is also protected against 

any recovery. 

Benefits (As Per the government) 

1. Farmers have got a new option insofar they will have the freedom to sell their produce outside the APMC 

(agricultural produce market committee) market and there will be no tax on such trade which will give a 

higher price to the farmers. 
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2. Farmers can sell their produce within the state or anywhere else in the country and there will be no 

restriction on this type of trade. This will benefit the farmers that they will be able to sell their produce to 

the merchant wherever they get a higher price. 

3. There will be no need for any kind of license for traders to purchase agricultural produce of farmers in 

the trade area outside the APMC mandi, but also those holding PAN card or any other document notified 

by the Central government can join this trade. This will facilitate trade in agricultural products and will 

benefit the farmers. 

4. In case of any dispute arising in such business, the matter will be settled within 30 days by the Sub-

Divisional Magistrate. 

5. There are also provisions of heavy penalty for violation of rules and regulations. 
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Introduction 

Calla lilies are one of the most popular plants which are cultivated for their exotic blooms and glossy 

handsome foliage. Plants look impressive with their spectacular bursts of colours such as golden, pink, red, 

mauve, peach, white, yellow etc. 

White callas have advantage over other the rhizomatous flowering plants as they can be successfully 

planted along ponds and lakes as border plants. It is commercially used as cut flower or flowering potted 

plants. The leaves are very attractive and are used in floral arrangements, Callas can be planted as a 

specimen plant for containers, in tubs and conservatory. White calla lilies are often used in landscape for 

planting along bog gardens and damp borders. 

Calla Lily Cultivars 

Apple court: Habit dwarf, spathe white. 

Bridal Blush: Spathe cream washed pink.  

Carmine Red: Deep red blooms. 

Cameo: Peach/ Apricot blooms.  

Dusty Pink: Light pink blooms. 

Fire Light: Orange blooms. 

Him Shweta: White blooms 

Him Sumukh: Yellow blooms 

Lady Luck: Spathe rich yellow, faintly orange. 

Majestic red: Deep crimson red blooms. Green, spotted leaves.  

Twilight: Bicoloured in light purple and white. 

Picasso: Deep purple with cream edges, Green spotted leaves. 

Treasure: Rich tone of red, foliage green. 

Propagation 

The conventional method of propagating callas is through division of underground rhizomes. It can also be 

propagated by seeds or through tissue culture. Some cultivars and spp. like Z. aethopica, Z elliottiana Z. 

rehmannii and Z. albomaculata can be multiplied through seeds. 

Seeds are formed at the base of the plant/ spath. For quicker germination, seeds are soaked in warm water 

for 24 hours at 21-27° C temperature. It takes a minimum of 2 years or 2 growth cycles to produce a 

flowering size rhizome. 

Climate 

Callas grows best in temperate to subtropical climate. They enjoy full sunlight, cool and moist conditions. 

Direct sunlight is essential for brighter blooms of coloured cultivars. However, in warmer areas they require 

some shade to prevent early fading of colours. 

Common Name Calla lilly/Arum lilly 

Botanical Name Zantedeschia aethiopica 

Family Araceae 

Origin Africa 

Propagated through Rhizome 
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Light 

Zantedeschia is a day neutral plant so, it has no effect of photoperiod on flower production. White callas 

can tolerate a wide range of light intensities however excessively high or low light intensities may reduce 

spathe colour intensities. 

Temperature 

Most of the species need an average temperature of around 13-24°C for satisfactory growth &flowering. For 

the coloured hybrids, day temperature of 18-21° C and night temperature at16ºC is recommended. White 

calla Lilly (Z aethiopica) needs the same day temperature as coloured lily and night temperature of around 

13°C for their proper growth. 

Soil 
A well-draining, loam soil, rich in organic matter and having pH 6.0-6.5 is ideal for calla cultivation. Good 

drainage is vital to avoid root rot and fungal diseases. 

Land Preparation and Planting 

Callas can be planted in raised beds for cut flower production. For bedding purpose, dig about 30 cm of the 

soil and apply plenty of well decayed farm yard manure (FYM) or compost. Planting of rhizomes in raised 

beds helps to produce quality blooms. Carefully inspect the rhizomes and plant only healthy rhizomes of 

the best commercial varieties. They should be free from any physical damage or diseases like soft rot or 

physiological disorder such as chalking. The flowering rhizomes are sold in different sizes starting from 3.8 

cm to 6.3 cm. For the coloured hybrids, tuber grade 1 is 5 to 6 cm, grade 2 is 4 to 4.5 cm, and grade 3 is 2.5 

to 3.5 cm in diameter. A rhizome of less than 2 cm across may produce foliage but fails to bloom. Before 

planting, rhizomes must be dipped in 2% Carbendazim + 2% Mancozeb solution for an hour. Plant the 

rhizomes about 1 to 2 inches below the surface with their growing tips facing upright. Width of mature 

plants will reach about two to two and half feet and so it is important to give them enough room to grow 

and develop. Plant density varies from 10x10 cm to 50 x60 cm depending upon rhizome/ tuber size and 

expected width of plant. In mid hills, rhizomes of white calla lily or Zaethiopica can be planted in 

September-October (autumn) whereas rhizomes of coloured cultivars can be planted in February-March. 

Manures, Fertilizer and Water Requirements 

Callas do not need heavy fertilization. Incorporation of large amount of organic manure during preparation 

of bed will promote successful cultivation of the plant. Callas require adequate moisture during active 

growth of the plant. Water lightly as growth begins then increases the frequency during full growth. 

Overhead watering should not be practiced otherwise it may damage the flowers. In coloured callas, avoid 

over watering and water logging in the bed as this may damage the roots. Frequency of irrigation is reduced 

during later stages when the flowers begin to fade. 

Post-Harvest Management 

Lifting of Bulbs (Or Corms/Rhizomes/Tubers) and Storage: Rhizomes of coloured callas must have a 

rest period of 6-12 weeks prior to planting to allow them to regain energy for next year's growth and 

flowering. Callas can be left in the ground or lifted, when the plants become crowded and division of 

rhizomes is necessary. Plants are allowed to senesce by withholding irrigation water. Rhizomes of coloured 

species are lifted in September-October when the foliage has turned yellow & the plants completes one 

growth cycle. Lifted rhizomes should be washed, graded and treated with fungicides. They can be divided 

to obtain more rhizomes. Lifted rhizomes should be checked for any serious diseases such as soft rot, 

physical damage or physiological disorders like chalking. Plants grown on soil beds produce larger tubers 

than plants grown in pots. Rhizomes are air dried at 20-30°C for one week. After one week, the coloured 

types are stored at 9-24°C whereas Z aethiopica types are stored at 2-9° C. Rhizomes are stored in sand or 

perlite or vermiculite till the next planting season. If tubers are not given a resting period of minimum 6 

weeks, then flowering will be delayed. 

Storage of Rhizome: The factors affecting storage of rhizomes are duration and temperature. Tubers of 

coloured hybrids should be placed in dry storage at 8°C and at 70 to 80% relative humidity. Tubers can be 
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stored up to 6 months with the optimal storage temperature of 8°C which reduces respiration and 

transpiration, the cool temperature does not vernalize the tubers. Higher temperatures, (i.c.13"C), can be 

used for short term storage. 

Flower Harvesting: Flowers are cut rather than pulled when they are fully opened but it should be before 

the start of pollen shedding Flowers should be placed in a 2% sucrose solution with a disinfectant for 6 to 

12 hr to prevent stem splitting or rolling Flowers can be held at 5-10°C. 

Diseases (Bacterial, Fungal, Viral and Physiological Disorder) 

Calla lilies are susceptible to bacterial soft rot (Erwinia cartovora var. aroideae) leaf spot fungus 

(Phyllosticta richardiae), crown rot (Pellicularia filamentosa) and (Sclerotinum delphinii) root rot 

(Phytophthora richardiae) and other viral disease like cucumber mosaic virus and tomato spotted wilt 

virus. 

Insects-Pests, Nematodes 

Calla lilies are attacked by several insects like long tailed mealy bugs, bulb mite, caterpillars. thrips and 

aphids. These insects can be controlled by proper monitoring and regular spray of insecticide like malathion 

or metasystox @1.5 ml per liter in water. 
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Groundwater resources are being depleted because of unsustainable extraction levels that exceed natural 

recharge rates. Groundwater irrigation and energy played an essential role in increasing agricultural 

production and food security in India; however, declining groundwater levels increase energy consumption 

and CO2 emission for lifting water. This, in the future, is expected to influence groundwater development 

and usage policy in India (Patle et al., 2016). An increase in energy consumption in groundwater pumping 

is linked to global warming, contributing to CO2 emissions (Karimi et al., 2012). Studies at national and 

international levels are being conducted to assess the CO2 emission potential of groundwater irrigation 

(Wang et al., 2012). Karimi et al. (2012) reported that groundwater pumping contributes 3.6 % to the total 

CO2 emission of Iran. Wang et al. (2012) reported that the excessive abstraction of groundwater in China 

contributed 33 million tons of CO2. This article discusses the carbon footprint of groundwater pumping for 

irrigation in Kurukshetra district, Haryana, India. 

Study Area Description 

Kurukshetra district falls in the north-east part of the Haryana State and is bounded by North latitudes 

29o53’00” and 30o15’02” and East longitudes 76o26’27” and 77o07'57". The total geographical area (TGA) of 

Kurukshetra is 2 58,010 hectares. The Gross Cropped Area of the district is 2,83,701 hectares. The district's 

climate is of pronounced character, i.e., very hot in summer and markedly cold in winter. 

The average annual rainfall of the district is 582 mm, which is unevenly distributed over the area.  The 

land of the district is plain and fertile. Soils are medium to heavy in texture, and pH varies from 7.0 to 8.8. 

The alluvial loam soil (comprising clay, clay loam) and sandy clay is ideal for Wheat, Rice, Potato, 

Sugarcane, Sunflower, Vegetable, Horticulture crop, etc. There is no salinity and waterlogging problem in 

the district, and Irrigation water is suitable for crops. Wheat and rice are the main crops of the district. 

Among the commercial crops, rice, potatoes, and sugarcane are important crops of the district. The Gross 

irrigated area in the Kurukshetra district is 1, 67,274 hectares, and the net irrigated area is 1, 55,630 

hectares. Groundwater irrigation is dominant in the district.  

In this article, Baseline irrigation efficiency considered were 50 % (Rice) & 60% (for all other crops) and 

designated as (IEB) while other scenarios were 55 % & 65 % (IEI), 60 % &70% (IEII) and 65% & 80 % (IEIII) 

to evaluate impact of better filed water management on carbon emission. The baseline scenario used for 

Pumping system efficiency (PSE) was 30 %, while other scenarios considered were 34.7 %, 40 %, and 41.6 

%. 

  
Figure 1(a). Location map of Kurukshetra district Figure 1(b). Methodology flow chart for CO2 

estimation 
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Carbon Footprint of Principal Crops in the Kurukshetra District 

For Kurukshetra district, CO2 emission from groundwater pumping for irrigation under baseline scenario 

is found highest for principal crops viz., sugarcane (197.60 kg CO2/ha/m) followed by rice (102.74 kg 

CO2/ha/m), sunflower (66.89 kg CO2/ha/m), and wheat (42.12 kg CO2/ha/m). 

Total CO2 emission under the baseline scenario is maximum for rice (386759.12 Metric Tons (Mt)) followed 

by wheat (105922.37 Mt), sugarcane (103910.32 Mt), and sunflower (17898.32 Mt). Rice and sugarcane are 

the principal crops in the Kharif season, while wheat is a significant crop in Rabi in the district thus more. 

CO2 emission of main crops is shown in Figures 2 (a) and (b). 

 
Figure 2 (a).  CO2 emission of principal crops 

 
Figure 2 (b).  CO2 emission of principal crops 

Carbon Footprint Under Different Management Scenarios 

Results revealed that under different pumping system efficiency scenarios, CO2 emission increases or 

decreases significantly. It was found that when pumping system efficiency reduced from base scenario (40 

%) to 30 % (as reported by researchers in Indian conditions), CO2 emission increased by 33.59 %. Similarly, 

when pumping system efficiency was taken as 34.7 %, CO2 emission increased by 17.8 percentage. 

As pumping system efficiency (PSE) can be improved by proper care and maintenance, if the pumping 

system efficiency is enhanced to 41.6 percent compared to the baseline value, CO2 emission is reduced by 

3.84 % for all crops. It was found that under improved irrigation efficiency scenarios, CO2 emission reduces 

considerably when irrigation efficiency is increased from 60 to 65 % to the tune of 7.69 % for crops other 

than rice. 
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When irrigation efficiency is increased from 50 to 55 % for rice crops, CO2 emission reduces by 9.09 %. 

Under different irrigation efficiency scenarios in rice crop viz., 60 and 65 %, CO2 emission is reduced by 

16.67 and 23.08 percentage, respectively, concerning baseline efficiency scenario, i.e., 50 %. 

While for all other crops under efficiency scenarios of 70 and 80 %, CO2 emission reduces by 14.29 and 25.0 

percentage, respectively, compared to the baseline irrigation efficiency scenario of 60 %. The effect of 

pumping system efficiency and irrigation efficiency (IE) is illustrated in Figures 3 (a) and (b), respectively. 

 
Figure 3 (a). CO2 emission under pumping system efficiency scenario 

 
Figure 34. CO2 emission under irrigation efficiency scenario 

Conclusions 

Pumping system efficiency reduces from base scenario (30 %) to 40 %, CO2 emission decreases by 33.59 %. 

Similarly, when pumping system efficiency was taken as 34.7 %, CO2 emission increased by 17.8 

percentage. Improved pumping system efficiency by 1.6 % over baseline (40 %) decreases CO2 emissions by 

3.84 % for all crops. 

Improvement in irrigation efficiency reduces CO2 emission reduces considerably. When irrigation efficiency 

increased from 60 to 65 % for crops other than rice reduced CO2 by 7.69 %.  When irrigation efficiency is 

increased from 50 to 55 % for rice crops, CO2 emission reduces by 9.09 %. CO2 emission can be reduced by 

implementing sustainable water management interventions, adopting a micro-irrigation system, land 

leveling, zero till drill, and direct-seeded rice techniques. 
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Selection of best rice transplanting reduces gross water requirement and therefore decreases CO2 emission, 

which would generate due to groundwater pumping. In-situ moisture conservation and shifting from rice-

wheat cropping system to maize-wheat cropping system can reduce the carbon footprint in the Kurukshetra 

district. 
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Introduction 

Malnutrition is defined as "A condition of nutrition in which a deficit, or excess, of energy, protein, and 

micronutrients generates measurable deleterious consequences on tissue/body form (body shape, size, and 

composition) and function, as well as clinical outcome". According to WHO Malnutrition, in all its forms, 

includes undernutrition (wasting, stunting, underweight), inadequate vitamins or minerals, overweight, 

obesity, and resulting diet-related non - communicable diseases.  

1. 1.9 billion adults are overweight or obese, while 462 million are underweight. 

2. In 2020 globally, 149 million children under 5 were to be stunted (too short for age), 45 million were to 

be wasted (too thin for height), and 38.9 million were overweight or obese. 

3. About 45% of deaths among children under 5 years of age are related to undernutrition. These typically 

occur in low- and middle-income countries. At the same time, in these same countries, rates of childhood 

overweight and obesity are rising. 

4. The developmental, economic, social, and medical impacts of the universal problem of malnutrition are 

serious and long-lasting, for individuals and their families, for communities and for countries. 

Preventive Measures for Malnutrition 

1. Bio fortification: Micronutrient malnutrition, sometimes known as "hidden hunger," is a severe health 

issue that affects people all over the world. Biofortification is a breeding method in which food crops that 

are high in bioavailable micronutrients, such as vitamin A, zinc, and iron, are "biofortified" by adding more 

minerals and vitamins to their seeds and roots during growth. 

Examples of some recent bio fortified crops: 

Biofortified 

substance 

Method of Biofortification Plants 

Iodine and selenium Applied foliarly or through the nutrient medium in the 

hydroponic system of nutrient film technique 

Lettuce 

Selenium Foliar spraying Onions and Carrots 

Growing wheat plants with co-inoculation of 

selenobacteria and arbuscular mycorrhizal fungi 

Wheat 

Inoculation of Arbuscular mycorrhizal fungi Lettuces 

Agronomic and/or genetic approaches Lentil 

Soils amended with ground shoots of the Se 

hyperaccumulator Stanleya pinnata 

Broccoli and carrots 

Soil and foliar Se application Rice 

Fe, Cu, Zn and Mn Rhizobacteria: Providenciasp PW5; cyanobacterial: 

Anabaenasp CW1, Calothrixsp CW2. Anabaenasp 

CW3. 

Wheat 

Zinc Zn fertilization and Foliar Zn applications Rice 

Inoculation of zinc solubilizing Bacillus aryabhattai 

strains 

Soybean And wheat 

Fertilizer applications Wheat 
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Protein, Fe and Zn Arbuscular mycorrhizal fungi (AMF) symbiosis with 

chickpea 

Chickpea 

Iodine Fertilization Spinach 

2. Probiotic foods: Because fermentation is a preservation technique, it can help to avoid post-harvest 

losses by purifying raw materials and enhancing nutrient intake, hence decreasing malnutrition. 

Consumption of fermented foods containing probiotics is one way to improve the health of children suffering 

from diarrhoea.  

a. Researchers found that fermenting and solar drying Kenyan cowpea leaves lowered anti-nutrients 

and improved product acceptance, potentially easing micronutrient deficiencies. 

b. Fermented foods have an effect on the gut flora and can help with conditions including anaemia 

and severe malnutrition. Probiotics stimulate the diversity of bacteria in the gut, which helps to 

boost immunity and restore gut health. 

3. Therapeutic diet strategies F75 and F100 or RUTF: Major public health problem was severe acute 

malnutrition (SAM), So commercially available remedial formulas to cure SAM are (F-75 and F-100, 

contains ingredients Dried skim milk, Sugar, Cereal flour, vegetable oil, mineral mix, water to take 1000ml) 

and ready-to-use therapeutic foods that meet specified standards with the WHO specifications are fortified 

with vitamin A.  

a. Patients with a lack of appetite and/or a major medical condition are initially admitted to in-

patient facilities. F75 is the formula that is employed at this point. F-75 formula provides 75 kcal 

and 0.9g of protein per 100ml. It aids in the restoration of normal metabolic activity and nutrition 

electrolyte balance in the body. Rapid weight gain at this point is dangerous, that is why F75 is 

designed to keep patients from gaining weight during this stage. Once children with severe acute 

malnutrition are stabilized in inpatient care, it is recommended to change the therapeutic diet to F-

100 (provides 100 kcal and 2.9g protein) or a ready-to-use therapeutic food. This enables the recovery 

of weight and lean body tissue loss. 

b. RUTF is a broad word that refers to a variety of foods, such as compressed or spreadable foods, 

that are specifically designed to treat SAM. RUTF has a high energy density of around 23 kJ/ g (5.5 

kcal/ g). Milk powder, vegetable oil, sugar, peanut butter, and a vitamin-mineral premix are common 

ingredients. Because RUFT's bacteria growth is limited and it may be securely stored at home 

without refrigeration, it can be used even in regions where hygienic circumstances aren't ideal 

because it doesn't require water, utensils, or other preparation before use. 

c. The ready-to-use aspect of the foods saves a lot of time, effort, and money in the care of SAM 

patients. International agencies such as WHO, UNICEF, and the World Food Programme have 

carefully defined the content of the RUTF. Many trials, mostly in Africa, have demonstrated the 

tolerability and effectiveness of RUFT in the treatment of SAM. 

d. As a result, the World Health Organization and UNICEF have recommended RUTF therapy for 

SAM in non-emergency conditions as well as in disaster relief programmes. RUTF has become the 

most widely utilised therapeutic option to combat child malnutrition in recent years. 

4. Food processing strategies: Food processing plays a critical role in increasing dietary diversity and 

increasing micronutrient concentrations in commonly consumed foods. Food processing is currently used 

to preserve foods, improve food safety, add convenience, improve flavour, boost nutritional content, and 

conserve energy. 

a. Processing fresh fruits and vegetables helps to maintain vitamins in addition to preventing them 

from spoiling. For example, when spinach is stored at -20oC for 10 months after harvesting, only 

30% of the vitamin C is lost, whereas fresh spinach stored at ambient temperature for 7 days loses 

100% of the vitamin C. 

b. Although the extreme heat treatment of canning at 121°C for 30 minutes can cause significant 

degradation of heat sensitive vitamins, the products are shelf stable at room temperature for long 

periods of time after canning, and nutrient loss of canned products during storage is lower than that 

of fresh and frozen products. 

c. Processed fruits and vegetables account for a major portion of nutrient intake. Processed fruits 

and vegetables, for example, contribute 35 percent of dietary fibre, 40 percent folate, 47 percent 

potassium, 25 percent vitamin A, and 51 percent vitamin C in the United States. 
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Conclusion 

To maintain human health, the goal of decreasing poverty and providing enough food with nutritional 

security, as well as providing access to a compact basket of food that can give a balanced diet with 

appropriate micro and macronutrients, is essential. Malnutrition is very common due to anaemia, which is 

a major contributor. Biofortification was introduced to overcome the nutritional issue and increase the 

bioavailability of key micronutrients. It treats a variety of health issues, including anaemia and vitamin 

deficient illnesses. Probiotics are one approach to supply consumers with health benefits, and they can 

provide adequate health benefits. Several disorders can be managed by employing therapeutic diets such 

as Fructo oligosaccharides, F100, and RUTF, among others. 
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Purple Blotch 

Causal Organism: Alternaria porri, Alternaria palamdari 

Symptoms: 

a. This disease occurs mainly at the top of the leaves, the infection starts with whitish minute dots 

on the leaves with irregular chlorotic areas on tip portion of the leaves.  

b. Circular to oblong concentric black velvety rings appear in the chlorotic area.  

c. The lesions develop towards the base of the leaf.  

d. The spots join together and spread quickly to the entire leaf area.  

e. The leaves gradually die from the tip downwards.  

f. Diseased leaves break at point of infection and hang down.  

g. Infection also seen on outer scales of bulb, seed stalk and neck.  

h. Severely infected crop dries up.  

i. Bulbs become dry and papery (Kumar and Palakshapra, 2008). 

Management: 

a. Disease free bulb should be selected for planting.  

b. Seeds should be treated with Thiram @ 4 g/kg seed. The field should be well drained.  

c. Three foliar sprayings with copper oxychloride 0.25 % or Chlorothalonil 0.2 % or Zineb 0.2 % or 

Mancozeb 0.2 %. 

Smudge 

Causal Organism:  Colletotrichum circinans 

Symptoms: 

a. Chiefly a disease of scales of bulb.  

b. Red scaled onions are usually resistant to the smudge due to the presence of protocatacheuic acid 

and catechol.  

c. Damping off in seed bed under wet and warm conditions.  

d. Disease appears at all stages and also during storage and transportation.  

e. Sub-cuticular, dark green to almost black smudge appears on the bulb, neck or green leaves that 

are clinging to bulb after digging.  

f. Circular lesions with concentric rings of dark stromata and mycelium appear on leaves.  

g. Small, sunken and yellow lesions on inner scales. Pinkish mass of fungal growth on lesions under 

humid conditions. 

Management: 

a. Protection of bulbs from rains after harvest.  

b. Dry bulbs properly before storage by hot air at 37- 480C.  

c. Spray zineb or captan @0.2% before harvest of crop.  

d. Resistant varieties are Nasik red, Pusa Ratna, Pusa Red. 

Smut 

Causal Organism: Urocystis cepulae 

Symptoms: 

a. Fungus attacks cotyledons of young plants soon after their emergence causing dark, elongated 

eruptive spots.  
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b. On older leaves, the lesions may extend from base to the tip and appear as blisters.  

c. Lesions develop into thickened areas of several mm in size. Lesions burst open releasing masses 

of black smut spores.  

d. Severely affected plants killed within 3-4 weeks of emergence.  

e. Surviving plants are stunted with stout, brittle, distorted leaves bearing lesions throughout their 

length.  

f. Numerous blisters appear on leaves and bulb scales of mature plants which rupture to expose 

masses of black powdery spores (Sampangi and Mohan, 2017). 

Management: 

a. Seed Treatment with thiram @3 g/Kg seed.  

b. Crop rotation and use of disease-free seedlings.  

c. Cultivar, Hardy white bunching is resistant.  

d. Spray with captan or ferbam @0.2% along with a sticker. 

Neck Rot 

Causal Organism:  Botrytis allii, Botrytis squamosa and Botrytis cinerea. 

Symptoms: 

a. Symptoms are first seen as a softening of the tissues around the neck of the bulb, or more rarely, 

at a wound. A definite margin separates diseased and healthy tissues.  

b. Infected tissues become sunken, soft, and appear brownish to grayish in colour, as if they had 

been cooked.  

c. These symptoms progress gradually to the base of the bulb. Then the entire bulb may become 

mummified.  

d. Hard, irregularly shaped kernel-like bodies, sclerotia, may form between scales, especially at the 

neck region (Maude and Presly, 1977). 

Management: 

a. Bulb treatment with Captan /Thiram 0.25%.  

b. Spraying of Maneb or Mancozeb or Chlorothalonil.  

c. Fungicides may be applied every 5 - 7 days for disease control. 

Black Mould 

Causal Organism: Aspergillus niger  

Symptoms: 

a. Infection usually is through neck tissues as foliage dies down at maturity.  

b. Infected bulbs are discoloured black around the neck, and affected scales shrivel.  

c. Masses of powdery black spores generally are arranged as streaks along veins on and between 

outer dry scales.  

d. Infection may advance from the neck into the central fleshy scales.  

e. In advanced disease stages, the entire bulb surface turns black, and secondary bacterial soft rot 

may make the bulb soft and mushy.  

f. No external symptoms may be found with some bulbs. 

Management: 

a. Seeds should be treated with Thiram @ 4 g/kg seed.  

b. The field should be well drained.  

c. Growers must follow crop rotation and harvested bulbs must be thoroughly cured to reduce 

potential storage losses.  

d. Soil drenching with Copper oxychloride 0.25 %. 

e. Three foliar sprayings with Copper oxychloride 0.25 % or Chlorothalonil 0.2 % or Zineb 0.2 % or 

Mancozeb 0.2 %. 

Basal Rot 

Causal Organism: Fusarium oxysporum f. sp. cepae 
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Symptoms: 

a. The leaves turn yellow and then dry up slowly.  

b. The affected plant shows drying of leaf tip downwards.  

c. The entire plant shows complete drying of the foliage.  

d. The bulb of the affected plant shows soft rotting and the roots get rotted.  

e. There will be a whitish mouldy growth on the scale.  

f. This disease can begin in the field and continue on in storage.  

Management: 

a. Growers must follow crop rotation and harvested bulbs must be thoroughly cured to reduce 

potential storage losses.  

b. Onions are very sensitive to low soil copper levels.  

c. In order to optimize crop production and disease susceptibility, additional soil copper fertility may 

be needed especially on mucky and sandy soils.  

d. Soil drenching with Copper oxychloride 0.25 %. 
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Introduction 

In khammam district, farmers are increasingly facing water shortage for transplanting rice cultivation due 

to deficit monsoon, delayed and limited release of water from reservoirs. Transplanting of rice contains 

adequate land preparation both for nursery and main field. consumes 20% of the total water 

requirement/ha (1240mm) and requires 25 to 30 days for its establishment usually depending on soil type. 

KVK, Wyra accessed the performance of dry converted wet rice cultivation in on –farm trails as an 

alternative to the conventional method of transplanting rice. 

Resilient Technology 

Dry converted wet rice is an alternative method to transplanted rice to overcome the shortage of water and 

labour scarcity. 

Land leveling: Dry converted wet rice is the best practiced in leveled land for increasing water 

productivity. 

Sowing: Line sowing @40 kg seed /ha or broadcasting is practiced.  

Weed management: Application of pre-emergence herbicide pendimethalin@ 2.5 l/ha immediately after 

sowing and application of post emergence herbicide (Bispyribos sodium @ 250 ml/ha) at 15-20 days after 

sowing. 
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Advantages 

Water saving: Continuous submergence of field is not necessary in dry converted wet rice method. 

Irrigation to the crop is given at critical crop growth stages and about 40- 50 % of water can be saved 

compared to transplanted method. 

Early maturity: Compared to transplanted crop dry converted rice matures 7 to 10 days early     for 

harvesting. 

Impact 

1. Cost of cultivation reduced by Rs 15,500/ha (30% less). 

2. However, net income was up to by 12700/ha (32 % higher). 

3. In 2016-2017, more than 6000 ha of transplanted area come under dry converted wet rice in khammam 

district. Net savings computed were to the tune of Rs 7.66 crores at the district level. 

4. Benefit cost ratio was higher in the water saving method (2.49) compared to 1.78 in transplanted rice. 

Outcome 

Department of agriculture dominating the practice in khammam district and the area occupies more than 

7000 ha.  

Conclusion 

By direct seeded rice increases the water use efficiency, labour less, early maturity, time saving and finally 

increase or same yield compared to transplanted rice. 

References 
Pjtsau web portal. 
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Introduction 

Feed is a vital component of any aquaculture operation that promotes fish health and growth. Feed is 

another important input, accounting for 40-60% of the cost of aquaculture production. While overfeeding 

can result in financial loss and water pollution owing to feed waste, underfeeding can lead to poor 

performance. Furthermore, an imbalance in nutritional composition, whether low or high, can lead to poor 

growth, malformations, and sickness. As a result, feeding fish is a crucial part of any aquaculture operation, 

and optimal feeding with balanced nutrients is essential for optimum performance and economic viability. 

Fish and prawns require around 40 key dietary components. For optimum growth, attention must be made 

to ensure the inclusion of all required nutrients in the designed feed. Protein, lipids, energy, vitamins, and 

minerals are required in the diet of cultured fish for growth, reproduction, and other normal physiological 

processes (Lovell, 1979). These foods needs differ slightly between species and within species, depending 

on life cycle stage, sex, reproductive status, and culture background. 

Protein & Amino Acids 

Proteins are the most abundant nutrient in fish tissue, accounting for 65-75 percent of the total dry weight. 

Dietary protein is essential for the maintenance of normal physiological functions such as digestion and 

metabolism enzymes and hormones, tissue replacement, RBCs, and antibodies. Protein is also essential for 

the formation of new tissues and, as a result, for growth – both somatic and gonadal. Furthermore, a 

considerable part of ingested protein is broken down in the body to provide the fishes' energy requirements 

(Parazo, 1990). Fish have a higher protein need than mammals since protein serves as a structural 

component as well as an energy source. It is the most significant factor in boosting fish growth. We must 

take additional care to determine the qualitative and quantitative requirements of dietary protein because 

it is the most expensive component of feed, accounting for 40-60% of the total feed cost. The pace of growth 

will be slowed if the protein level in the diet is low. Higher protein content in the diet, on the other hand, 

will be used for energy, generating more harmful ammonia into the culture pond, producing pollution and 

stress in the fish, as well as increasing feed costs. 

The nutritional quality of dietary protein and the amount of energy from non-protein sources influence the 

optimal protein requirement in fish. Aside from size, water temperature, dissolved oxygen, pH, and feeding 

rate are all factors that influence a fish's protein demand. Fish, in general, use less energy than any other 

terrestrial animal for a variety of reasons. There is a link between natural feeding behaviours and protein 

requirements in the diet. Some carnivorous species require more protein in their diet than herbivorous and 

omnivorous species (NRC, 1993). Carnivorous species are exceptionally effective at digesting protein but 

not very good at digesting carbs. Accordingly, herbivorous and omnivorous fish have lower protein 

requirements than carnivorous fish (Wilson, 2002). Protein requirements are also affected by water quality 

factors such as pH, temperature, and feeding rates and frequency. Protein requirements are also influenced 

by the amount of non-protein energy in the meal. If the food contains sufficient fats and carbs, protein is 

utilised to help the fish grow. Protein may be used for energy and life support rather than growth if this is 

not the case. 

For practical diets for herbivorous and omnivorous fishes for pond feedings, 25-30% protein is 

recommended. Smaller fish have higher protein requirements than larger fish. Fish's protein requirements 
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normally decrease as they grow larger and mature. Carp fry and fingerlings have protein requirements 

ranging from 36 to 45 percent (Table 1). Catla fry have a greater protein need (45-47 percent) than 

fingerlings (40 percent), which drops to 0-35 percent in the grow-out period. Silver carp fry have a protein 

requirement of 37-42 percent, while adult common carp have a protein requirement of 31 percent. During 

its various life stages, the magur (Clarias batrachus) requires 35-50 percent protein. During its growth 

period, lates calcarifer (sea bass) requires 42 percent protein. In order to develop out, the Tiger Shrimp 

(Pennaeus monodon) requires 40 percent protein. When compared to monodon, Littopennaeus vannamei 

requires 30% to 35% less protein (Wilson, 2002). 

Table 1: Protein requirement according to the life stages of commercially important fin fishes: 

Species Protein Requirement (% dry weight basis) 

Larvae Fry Fingerling Grower Brood stock 

Common Carp 45 43-47 35 32 28-32 

Rohu  35-45 35-45 30-40 25-30 25-30 

Catla  45 35-45 30-40 25-30 25-30 

Grass Carp 42 35 34 25-30 25-30 

Mrigal  40-45 40 30-45 30 28-32 

O. niloticus - 28-30 25 30 30 

O. aureus - 56 36 30 25-30 

I. punctatus - 40 36 25 25-27 

P. sutchi - 30 25 25 25 

Dietary protein is essential primarily for the manufacture of various body proteins and, to a lesser extent, 

for energy production. As a result, fish do not have a specific protein need; instead, the feed should contain 

a well-balanced combination of necessary and non-essential amino acids. Proteins contain approximately 

20 amino acids (Jauncey, 1983). Ten amino acids are necessary or indispensable because they cannot be 

produced by the body and must be obtained primarily through diet. Arginine, histidine, isoleucine, leucine, 

lysine, methionine, phenylalanine, threonine, tryptophan, tyrosine, and valine are the ten essential amino 

acids (Table 2). 

Table 2: Essential amino acid content in Indian Major Carp feed: 

Amino acid Percentage of dietary Protein 

Arginine 4.8 - 5.8 

Valine 3.6 – 4.5 

Histidine 2.1 – 3.0 

Isoleucine 2.3 – 3.8 

Lysine 5.7 – 7.0 

Leucine 3.6 – 6.9 

Methionine 1.5 – 3.5 

Phenylalanine 3.7 – 8.0 

Threonine 3.9 - 4.2 

Tryptophan 0.8 – 0.9 

Lipid Requirement in Fish 

Lipids are high-energy nutrients that can be used in aquaculture feeds to partially reserve (substitute for) 

protein. Proteins and carbohydrates provide about half the energy that lipids do. Lipids make up around 

15% of fish diets, providing important fatty acids (EFA) and acting as fat-soluble vitamin transporters. 

Fish cannot synthesis the polyunsaturated fatty acids (PUFAs) n-3 (linolenic) and n-6 (linoleic), but they 

have a requirement for those two essential fatty acids, which must be obtained from exogenous sources. 

Freshwater fish require either 18:2n-6 (linoleic) or 18:3n-3 (linolenic) acids in their diets, or both (Parazo, 

1990). 

Lipids are easily assimilated by fish and are said to allow them to save protein for growth. Although various 

fish species have reported a wide range of gross lipid requirements, ranging from 4 to 15%. For carps and 

prawns, a dietary lipid content of 7-9 percent is considered ideal (Table 3). With higher lipid content in the 

diet, the likelihood of generating a fatty fish increase, lowering yield percentage and consequently market 
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value. With lower lipid content in the diet, more protein is utilised for energy, and fish growth should suffer 

as a result. Feed with higher lipid content is more prone to rancidity. As a result, lipid levels should be 

optimal. Unsaturated fatty acids are not synthesised by fish (UFA). As a consequence, important fatty acids 

such as linolenic acid (3) and linoleic acid (6) must be included in the diet's lipid composition. 

Eicosapentaenoic Acid (EPA) and Docosahexaenoic Acid (DHA) are essential nutrients for marine fish. 

Phospholipids are required in the food of IMC fry and marine shrimps for survival and growth. Prawns 

require about 0.5 percent cholesterol in their diet. Supplementing carp broodstock diets with 3 and 6 PUFA 

(EPA and DHA) increases gonadal maturation, breeding efficiency, and spawn recovery (Shiau and Lan, 

1996). 

For optimal growth and health, marine fish require n-3 HUFA in amounts ranging from 0.5 to 2.0 percent 

of their dry diet. Eicosapentaenoic acid (EPA: 20:5n-3) and docosahexaenoic acid are the two primary EFAs 

in this group (DHA: 22:6n-3). Freshwater fish do not require long-chain HUFA, but they do require linolenic 

acid (18:3-n-3), an 18-carbon n-3 fatty acid, in amounts ranging from 0.5 to 1.5 percent of dry food. Some 

fish and prawn species require essential fatty acids. 

Table 3: Lipid requirement in fishes: 

Fish Requirements 

Catla Combination of n-3 & n-6 

Grass carp 1% 18:2n-6 and 0.5-1.0% 18:3n-3 

Seabass 1.0-1.7% HUFA n-3 

Magur 18:2n-6 & 18:3n-3 

Singhi 18:2n-6 & 18:3n-3 

Channel catfish 1-2% linolenic acid or 0.5-0.75 %t EPA and DHA 

Chum salmon  1 percent linoleic acid and 1 % linolenic acid 

Coho salmon  1-2.5 % linolenic acid 

Common carp  1 % linoleic acid and 1 % linolenic acid 

Japanese eel 0.5 % linoleic acid and 0.5 % linolenic acid 

Rainbow trout 1 % linolenic acid; 0.8 % linolenicacid; 20 percent of lipid as linolenic acid or 

10% of lipid as EPA and DHA 

Nile tilapia  0.5 % linoleic acid 

Zillii's tilapia 1% linoleic acid or 1% arachidonic Acid. 

Carbohydrate Requirement by Fish 

Carbohydrates (starches and sugars) are the most cost-effective and affordable energy sources for fish. 

Carbohydrates are used in aquaculture diets to lower feed costs and for their binding activity during feed 

manufacture, while they are not required. In the lack of sufficient carbohydrates in the diet, fish use protein 

for energy at the expense of growth. As an outcome, feed costs rise while fish growth remains same. A 

sufficient amount of indigestible carbohydrate (Fibre) in the diet aids in the smooth passage of nutrients 

through the GIT, as well as the correct functioning of the digestive system and the improvement of food 

conversion ratio (FCR) and protein energy ratio (PER) (Khan et. al., 1993). 

Because fishes lack amylase and insulin production, their carbohydrate metabolism is lower than that of 

higher animals. Fish, on the other hand, do not rely on microbial digestion. The ability of different fish 

species to use carbohydrates varies. Herbivores and Omnivores both have enzymes that help them digest 

carbohydrates. Carnivorous fish, on the other hand, have a low CHO digestibility. Glucose, fructose, 

sucrose, dextrin, and starch are all forms of CHO that carps can use. Cooked starch is easier to digest and 

absorb than raw starch. Monosaccharides are not as well utilised as polysaccharides. Monosaccharides are 

quickly absorbed, although they are underutilised. Polysaccharides are slowly digested and used more 

effectively. Seabass (Lates calcarifer) is considered to have a low carbohydrate utilisation rate since its 

natural food is high in protein. Poly- and di-saccharides are used more efficiently by prawns. Carbohydrate 

is a substantial component of herbivores' and omnivores' diets, and it is digested to a degree of 55-60%. 

Carps' optimal carbohydrate requirements are 22-26 percent, 30-40 percent for common carp, and less than 

25 percent for rainbow trout. Carbohydrate levels in carp diets, on the other hand, rarely exceed 30%. 

Prawns are fed a commercial diet that typically contains 35-40% carbohydrates (Hepher, 1988).  
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Vitamins 

Vitamins are organic components necessary for normal fish growth and health in the diet. They are 

frequently not generated by fish and must be obtained from the diet. Fish required 11 water-soluble 

vitamins, including thiamine, riboflavin, pyridoxine, niacin, pantothenic acid, inositol, folic acid, choline, 

biotin, ascorbic acid, and B12, as well as four fat-soluble vitamins, A, D, E, and K. When taken in excess, 

water soluble vitamins are excreted. Excess fat-soluble vitamins in the diet, on the other hand, cause 

aberrant growth and liver illness (Table 4). 

Minerals 

Minerals are inorganic elements that must be consumed in order for the body to operate normally. Based 

on the amount required in the diet and the amount found in fish, they can be separated into two groups 

(macro-minerals and micro-minerals). Micro-minerals (trace minerals) are essential components of enzyme 

and hormone systems in minute concentrations. 

Calcium and Phosphorus 

The skeletal system is intimately engaged in the production and maintenance of calcium and phosphorus. 

Calcium is engaged in muscular contraction, blood clotting, nerve impulse transmission, cell integrity and 

acid-base balance, and the activation of several key enzymes, in addition to its structural functions. 

Magnesium 

Magnesium plays an essential function in freshwater fish respiratory adaption. It's also important for bone 

metabolism, osmoregulation, and neuromuscular transmission. 

Iron 

Because of its oxidation-reduction activity and electron transport, iron is an important component of the 

cellular respiratory process. Because natural waterways often contain low concentrations of soluble iron, 

feed is considered the primary source of iron for fish. 

Copper 

Copper is a component of several enzymes and is required for their proper function. It is indeed associated 

to the cell's electron transport chain's cytochrome c oxidase. Copper is present in high proportions in the 

heart, liver, brain, and eyes. In plasma, copper is found as the copper-protein complex n ceruloplasmin. 

Vitamin and mineral premixes of commercial grade are commonly employed in the manufacture of feeds; 

with a maximum inclusion level of 2.0 percent for each in carp feed. 

Table 4: Vitamins and Minerals requirement in fishes: 

Vitamins Quantity/kg diet Minerals Quantity/kg diet 

A 5000-10,000 IU Calcium 10-18 g 

D3 100-200 IU Phosphorus 18 g 

E 100-200 IU Magnesium 0.8-1 g 

K 200-400 mg Sodium 6 g 

C 50-100 mg Potassium 9 g 

B1 30-50 mg Sulphur 0.2 g 

B2 30-50 mg Manganese 20 mg 

B6 0.02-1 mg Zinc 50-100 mg 

B12 0.5-1 mg Iron 5-20 mg 

Biotin 5-10 mg Cobalt 10 mg 

Choline 400-2000 mg Selenium 25 mg 

Folic acid 200-300 mg Chloride Traces 

Inositol 100-150 mg Molybdenum Traces 

Niacin 50-100 mg Chromium Traces 

  Fluorine Traces 

  Copper 1 mg 
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Insect resistance management (IRM) is the scientific approach to preventing or delaying pest evolution 

and its negative impacts on agriculture, public health and veterinary issues. 

Insect resistance management (IRM) mainly focuses on the molecular breeding techniques or genetically 

modified crops or transgenic crops which delays the resistance development in insects for the longer 

duration than other management strategies. 

Components of IRM 

1. Consistently high levels of expression of toxin against insect in all important cotton tissues. 

2. Refuge for susceptible target pest insects. 

3. Monitoring and remedial action plans. 

4. Use of alternative control measures (placement into an IPM context). 

5. Development of subsequent products with different insecticidal mechanisms. 

Factors Affecting the Efficacy of IRM Strategies for Insect Resistance Transgenic Crops 

 

IRM in Bt Crops 

1. Moderate toxin dosage to ensure survival of fraction of susceptible insects: In this approach, 

expression of Bt toxins at a moderate level allows a proportion of susceptible insects to survive. Models 

indicate that moderate expression provides some delay in resistance, but the delay is small compared to 

other tactics. Moreover, the efficacy of Bt at lower doses is variable and expression is vulnerable to 

environmental influences, as occurred in 1996 in Australia when the first commercialized Bt cotton plants 

performed less than ideally from a pest management perspective. 

2. High toxin dosage to kill insects heterozygous for resistance: This strategy involves the 

expression of Bt toxins at a level high enough to ensure that individuals heterozygous for resistance are 

killed. Because the initial occurrence of individuals homozygous for resistance is likely to be so rare that it 
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can essentially be ignored, the rate of resistance evolution is driven primarily by the frequency and survival 

of heterozygotes. Thus, from an IRM perspective, a dose that is high enough to cause mortality to 

heterozygotes is preferred. From an IPM perspective, a high dose will also ensure that crop damage is 

maintained below an economic threshold. 

3. Combination/stacking/pyramid of toxins: This strategy involves deployment of Bt varieties 

expressing different toxins simultaneously in a mosaic, in a rotation, sequentially (e.g., use one toxin until 

control failure occurs) or by incorporating both toxins in a single variety (that is, pyramided). Models and 

empirical data from our laboratory indicate that the use of two different toxins in a mosaic pattern is the 

most ineffective method of delaying resistance. Thus, caution may be warranted if multiple varieties 

expressing different toxins are grown concurrently in the field, because this will result in a landscape-level 

mosaic. At present, pyramiding two (or more) toxins into one variety appears to be the best way to delay 

resistance, but the toxins should have different binding sites to reduce the likelihood of cross-resistance. 

Unlike resistance to a single toxin, it is not the mortality of heterozygous larvae that is the most influential 

factor, but the mortality of the susceptible homozygotes. If both toxins are expressed at high levels, the 

frequency of individuals with complete resistance to two toxins will be far rarer than those resistant to one. 

Much longer delays in resistance are expected to occur with pyramided toxins, not just in comparison to 

single transgene plants, but other methods of deploying multiple toxins as well. Pyramiding toxins is also 

favoured over rotations because, in many cases, resistance to Bt toxins can remain stable or decrease only 

slowly in the absence of selection pressure. For species with only moderate susceptibility to a given Bt toxin, 

such as Helicoverpa spp., pyramided plants can also provide superior control. 

4. Temporal or tissue-specific toxin expression: In this approach, expression of Bt toxins in plants 

occurs only at certain times or in certain parts through the use of temporal, tissue-specific or chemically 

inducible promoters. The use of selective expression through non constitutive promoters was recognized 

early on as a potentially effective way to reduce selection for resistance to Bt crops, but has been limited by 

the available technology. In the case of tissue-specific promoters, however, larvae that move easily between 

toxic and nontoxic plant structures may negate the benefits of selective Bt expression. 

5. Provision of non-toxic plants or Refugia: This strategy provides non-toxin bearing plants to 

maintain susceptible insects within the field in seed mixtures or external to the transgenic crop in refuges. 

Seed mixtures once seemed attractive because they required little effort on the part of growers to 

implement resistance management. They were also expected to favour random mating between susceptible 

and resistant insects. Subsequent studies have shown, however, that for some pests, interplant movement 

by larvae would render this strategy less effective. Larvae may actively avoid feeding on Bt plants or larvae 

developing on non-Bt plants may move to toxic plants and die, thus reducing the effective size of the refuge. 

In field tests using the diamondback moth and transgenic broccoli, our group found that unsprayed refuges 

external to the Bt crop were more effective for conserving susceptible alleles and reducing the overall 

number of resistant insects on transgenic plants compared to mixed or sprayed refuges. However, care 

must be taken to ensure the insects in the refuge are managed from both an economic and IRM standpoint. 

Managing insects in the refuge, while conserving Bt susceptible alleles, continues to be a challenge. 

Types of refuges: 

a. External structural unsprayed refuge: 95 % Bt crop and 5% non Bt crop. 

b. External sprayed refuge: Ratio of Bt: non Bt is 80:20. 

c. Embedded refuge: 95 % Bt crop and 5% non Bt crop, refuge cotton must be embedded as continuous 

blocks within Bt cotton field. 

6. Rotations: It refers to alterations over a time of two or more varieties containing different toxins. 

Rotation is based on assumption that; frequency of resistant alleles will decrease when the selection 

pressure is reduced. 

7. Mosaics: Spatial patchwork of two or more varieties of the same crop species expressing different toxins 

at a time. The individuals resistant to one toxin are susceptible to the other toxins. Thus, susceptibility is 

maintained and susceptible individuals are able to move among different patches in the field. 

8. Trap plant strategy: In this approach, transgenic crop considered as trap crop rather main source of 

protection. The Bt crop are planted earlier than non- transgenic crop. So, the Bt crop will attract the pests 

and non- transgenic crop remains unharmed. 
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Strategies for Managing Resistance to Bt 

1. Protein pyramiding: multiple cry gene, cry+ other insecticidal genes. 

2. Protein synthesis: tissue specific, chloroplast specific and inducible etc. 

3. Field tactics: refuges, cry gene+ crop rotation. 
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Abstract 

Tourism is now well recognized as an engine of growth in the various economies in the world. Several 

countries have transformed their economies by developing their tourism potential. Tourism has great 

capacity to generate large-scale employment and additional income sources to the skilled and unskilled. 

Today the concept of traditional tourism has been changed. Some new areas of the tourism have been 

emerged like Agro-Tourism. Promotion of tourism would bring many direct and indirect benefits to the 

people. Agro-tourism is a way of sustainable tourist development and multi-activity in rural areas through 

which the visitor has the opportunity to get aware with agricultural areas, agricultural occupations, local 

products, traditional food and the daily life of the rural people, as well as the cultural elements and 

traditions. Moreover, this activity brings visitors closer to nature and rural activities in which they can 

participate, be entertained and feel the pleasure of touring. Agro-Tourism is helpful to the both farmers 

and urban peoples. It has provided an additional income source to the farmers and employment opportunity 

to the family members and rural youth. But there are some problems in the process of the development of 

such centers. Hence, the government and other related authorities should try to support these activities in 

Maharashtra for the rural development and increase income level of the farmers. The farmers should also 

try to establish their co-operative society for the development of agro-tourism centers. The agro-tourism 

may become a cash crop for the farmers and also an instrument of the rural employment generation. 

Introduction 

Agritourism is a field that is growing in popularity as producers try to diversify and increase profits.  By 

combining agriculture and tourism, agritourism offers new sources of revenue but also presents potential 

problems and legal complications to agritourism operators. Agro-tourism is an innovative agricultural 

activity related to tourism and agriculture both. It has a great capacity to create additional source of income 

and employment opportunities to the farmers. Maharashtra is the pioneer state to develop and promote 

Agri Tourism in the country. 

 
Source: https://tourdefarm.in/blog/janki-agro-tourism-seven-acres-of-pure-natural-bliss/ 

Simply stated, agritourism could be thought of as the crossroads of tourism and agriculture.  Stated more 

technically, agritourism can be defined as a form of commercial enterprise that links agricultural 

production and/or processing with tourism in order to attract visitors onto a farm, ranch, or other 
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agricultural business for the purposes of entertaining and/or educating the visitors and generating income 

for the farm, ranch, or business owner. Regardless of the exact definition or terminology, any definition of 

agritourism should include the following four factors: 

1. Combines the essential elements of the tourism and agriculture industries; 

2. Attracts members of the public to visit agricultural operations; 

3. It is designed to increase farm income.  

4. Provides recreation, entertainment, and/or educational experiences to visitors. 

Importance of Agriculture is the most important occupation in the India. But today it becomes unprofitable 

due the irregular monsoon, prices fluctuations of Agro-products and some internal weaknesses of the 

agriculture sector. Hence, there is need to do some innovative activities in the agriculture, which will help 

to farmers, rural people. Urban population is increasing day by day in the Maharashtra, today the urban 

people’s world is restricted in the closed-door flats, offices, clubs, television, video games, spicy fast food, 

computer, internet, and so on. 

They can see nature only on television or screen of the computers. More over some people living in the cities 

do not have relatives in villages and they never visited or stayed in village. These people want to enjoy 

rural life but there is problem of such type of facilities. Hence, it is opportunity to the farmers for the 

development of the agro-tourism centers and it serves him and create additional income source. 

Agro-tourism is a way of sustainable tourist development and multi-activity in rural areas through which 

the visitor has the opportunity to get aware with agricultural areas, agricultural occupations, local 

products, traditional food and the daily life of the rural people, as well as the cultural elements and 

traditions. Moreover, this activity brings visitors closer to nature and rural activities in which they can 

participate, be entertained and feel the pleasure of touring. 

  
Source: 

http://www.worldagritourismday.com/about-

agri-tourism/ 

Source: http://martindia.org/ 

Who Can Start Agro-Tourism Centers? 

The individual farmer can start agro-tourism who have minimum two hector land, farm house, and water 

resource and is interested to entertain the tourists. Apart from the individual farmer, agricultural co-

operatives institute, non-Government organizations, Agricultural Universities, and agricultural colleges 

may start their centers. Even Grampanchayats can start such centres in their operational areas with the 

help of villagers and farmers. 

Requirements for Agro-Tourism Centers 

Researcher has identified the minimum requirements for the agro-tourism centre. To develop an agro-

tourism in their farm, the farmer / farmers must have basic infrastructure and facilities in their farm as 

follows. 

Infrastructure Facilities 

1. Accommodation facilities at same place or alliance with nearest hotels.  

2. Farmhouse, which has the rural look and feel comfortable along with all minimum required facilities.  
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3. Rich resources in agriculture namely water and plants at the place.  

4. Cooking equipments for cooking food, if tourists have interested.  

5. Emergency medical cares with first aid box. 

6. The well or lake or swimming tank for fishing, swimming 

7. Bullock cart, cattle shade, telephone facilities etc  

8. Goat farm, Emu (Ostrich bird) farm, sericulture farm, green house, etc. 

Facilities be Provided 

1. Offer authentic rural Indian food for breakfast, lunch and dinner.  

2. Farmers should offer to see and participate in the agricultural activities. 

3. Offer an opportunity to participate in the rural games to the tourist  

4. Provide information them about the culture, dress, arts, crafts, festivals, rural traditions and also give 

possible demonstration of some arts.  

5. Offer bullock cart for riding and horse riding, buffalo ride in the water, fishing facility in your pounds or 

nearest lake.  

6. Offer fruits, corns, groundnuts, sugarcane and other agro-products as per availability. 

7. Show local birds, animals and waterfalls etc and give authentic information about them.  

8. Must provide safety to tourists with the support of alliance hospitals. 

9. Arrange folk dance programme, Shekoti folk songs.  

10. Make available some agro-product to purchase to the tourist. 

11. Offer pollution free environment to the tourists. 

12. Try to create interest about the village culture for the future tourism business.  

13. Introduce the tourists with imminent persons of your village.  

14. Employ well-trained staff or funny (comedy) persons with good communication skill to entertain the 

tourist.  

15. To have authentic information regarding the railway and bus time table for the help of tourists.  

16. Farmer can also provide other additional facilities to their requirements for the better satisfaction of 

tourists. 

Location for the Agro-Tourism Centre 

Location is most the important factor for success in the agro-tourism. The location of the centre must easy 

to arrive and have a good natural background. Urban tourists are interested into enjoying the nature and 

rural life. So, farmers should develop their centre in the rural areas only which have a beautiful natural 

background to attract urban tourist in your farm. 

The place of agro-tourism centre must be easily accessible by roads and railways. Tourists want to enjoy 

some historical and natural tourist places along with the agro-tourism. Hence, the centre should be 

developed near of these tourist places. It is more beneficial to both tourist and farmers. These are the better 

places for the development of agro-tourism. Other than these places farmer can develop their centers in 

any affordable places. 

Benefits of Agro-Tourism Centers 

Agro-Tourism has the potential to change the economic face of traditional agriculture. The benefits of agro-

tourism development are manifold. It would bring many direct and indirect benefits to the farmers and 

rural people.  

Some of the benefits are as following:  

1. Employment opportunities to the farmers include farm family members and youth.  

2. Additional income source for the farmers to protest against income fluctuation 

3. Cultural transformation between urban and rural people including social moral values 

4. Farmers can improve their standard of living due to the contacts with urban people. 

5. Benefits to the urban people, they can understand about the rural life and know about the agricultural 

activities.   

6. It support for rural and agricultural development process. 

7. Help to the reduce burden on the other traditional tourist centers. 
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Agro-Tourism and Traditional Tourism 

Agro-tourism also a tourism business but it is different from the traditional tourism because it has a base 

of agriculture and rural lifestyle. Generally, tourism has provided to see and enjoy the natural places as 

well as some heritages. But, agro-tourism has a tourism with includes experience, education and cultural 

transformation. It varies special from general tourism in the following manner:  

1. It provides pollution and noise free sites for travel and tourism at rural background.  

2. The cost of food, accommodation, recreation and travel is minimum in agrotourism. 

3. Agro-tourism can satisfy the curiosity of urban peoples about sources of food, plants, animals, and 

industrial agro-raw materials.   

4. It provides information about the rural handicrafts, languages, culture, tradition, dresses and lifestyle.   

5. A family environment at the tourist place, is one of the most important characteristics in the agro-

tourism. 

6. In the agro-tour, tourists not only see and watch agriculture farms but they can also participate in the 

agricultural activities and experience the farming.   

7. It provides natural situations for watching birds, animals, water bodies etc. 

8. Agro-tourism creates awareness about rural life and knowledge about agriculture. 

9. It also provides opportunity for education through experience of farming and knowledge about the rural 

life including entertainment.  

10. Agro-tourism is an instrument of urban-rural connectivity through the tours. 

The Problems of Agro Tourism Industry 

Agro tourism is developing very fast in all over India. In spite of this fact, there are problems, which limit 

the further development of agro tourism. Some of them are as follows: 

1. Quality and complexity of services: Quality and complexity of services Quality in service is the basic 

prerequisite for the survival of local entrepreneurs in agro tourism. The existing products in agro tourism 

are attractive enough and the equipment supporting these products are improved in last few years. The 

problem lies in lacking of motivated and skilled staff, presentation of products in a professional way, 

hygienic conditions etc. It is fact that tourists want to enjoy rustic flavor of rural life but majority tourist 

from urban area expect professional approach by host and hygienic conditions for stay and food. 

2. Dependence on stake holders involved in tourism development on local and regional level: 

Some of the stake holders in above diagram are from private sector and some are from public sector 

(Government). As the objectives and interests of both the sectors are different and there is lack of 

cooperation among them the entrepreneurs in agro tourism find many difficulties. Also, this sector is 

sunrise industry in Maharashtra; the policy measures are inadequate for the development of industry. 

Even the stake holders mentioned above are also not sure about the gains from the development of agro 

tourism and thus many times the negative approach of stake holders hampers the business of agro tourism. 

3. Entrepreneurial environment in India: Rural Maharashtra has features like Low per capita Income, 

Low land holding, Low level of development, Inadequate transport facilities, Low level of education. Due 

to all above features majority farmers rely only on traditional cropping pattern. Due to limited land holding 

they cannot create / develop new products for agro tourism. As the professional attitude is lacking in rural 

area, they are reluctant to take entrepreneurial task in agro tourism. Risk bearing and uncertainty are the 

basic tasks of an entrepreneur. Rural farmers in India are basically from low-income group and thus have 

less courage to undertake entrepreneurial task. 

Conclusions 

India has a great potential to the development of agro-tourism, because of natural conditions and different 

types of agri products as well as variety of rural traditions, festivals. More than 45 percent of population 

live in the urban areas and they want enjoy rural life and to know about the rural life. It is a good 

opportunity to develop an agro-tourism business in India. But there is a problem of low awareness about 

Agro-Tourism. Hence, the agriculture departments of the districts, Agriculture Universities should try to 

give orientation about it and provide some innovative ideas regarding to the AgroTourism. 

The government should try to provide optimum financial aids to the agrotourism activities by the grants 

and institutional finance. Bank should provide optimum financial help for the agro-tourism activities, 
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union of the agro-tourism service providers is also another need of these farmers which helps the 

agricultural tourism network in the India. 
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Abstract 

High temperatures and other stresses, make it more difficult for proteins to form their proper structures 

and cause some already structured proteins to unfold. Hydrogen bonds may break when the temperature 

rises above normal, denaturing the protein. 

Miss-folded proteins form aggregates that may eventually kill the cell. Heat stress as well as other stresses 

can trigger some mechanisms of defense such as the obvious gene expression that was not expressed under 

‘‘normal’’ conditions. 

In fact, this response to stresses on the molecular level is found in all living things, especially the sudden 

changes in genotypic expression resulting in an increase in the synthesis of protein groups. These groups 

are called ‘‘heat-shock proteins’’ (Hsps). 

Introduction 

Plant Stress: Plant stress refers to any unfavorable condition or substance that affects a plants’s 

metabolism, reproduction, root development or growth. 

Types of Stress 

1. Biotic. 

2. Abiotic. 

Effects of High Temperature on Horticultural Crops 

1. Vegetative growth 

2. Flowering  

3. Fruit yield 

4. Fruit quality  

5. Disorders  

6. Metabolic processes. 

Avoidance and Tolerance to High Temperature 

1. Changing leaf orientation. 

2. Leaf rolling.  

3. Early maturation.  

4. Alteration of membrane lipid compositions.  

5. Osmoprotectants. 

6. Antioxidant defence. 

7. Expression of stress Proteins. 
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Structure of Proteins 

 

Effect of Temperature Stress on Protein Inside the Cell 

 

Heat Shock Proteins 

“Stress-induced proteins”, “Stress proteins” or “Chaperone”. When plants are exposed supraoptimal 

temperature, the synthesis of normal cellular protein is decreased and the synthesis of heat shock proteins 

is induced (Sharma et al., 2009). Group of evolutionarily conserved proteins synthesized when the 

organisms respond to stress. Transcription of these gene is controlled by heat shock transcription factors. 

Hsfs – present in the cytoplasm and acts as transcriptional activators for HSP. Molecular weight of HSP 

ranges from 15 to 115kDa. Molecular weight of sHSP ranges from 12 to 40kDa. All HSP’s are characterized 

by the presence of a Carboxylic terminal called heat shock domain (Kregel, 2002). 

History of Heat Shock Proteins 

Agro-Tourism has the potential to change the economic face of traditional agriculture. The benefits of agro-

tourism development are manifold. It would bring many direct and indirect benefits to the farmers and 

rural people.  
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Mechanism of Heat Shock Protein 

 

Types of Heat Shock Proteins 

Heat Shock Proteins are classified by their molecular weight, size, structure, and function. They are divided 

into several families, namely 

1. HSP100 

2. HSP90 

3. HSP70 

4. HSP60 (Chaperonin) 

5. Small Heat Shock Proteins/ (alpha)- crystalline proteins. 

Intracellular Localization and Major Functions of HSP 

Class Intracellular localization Major functions 

sHSP 

(12-40 kDa ) 

Cytosol, Mitochondria, ER, 

Chloroplast, Membranes 

Preventing aggregation, stabilizing non-

native proteins. 

HSP60 Cytosol, Mitochondria, 

Chloroplast 

Folding and assisting plastid proteins and 

refolding. 

HSP70 Cytosol, Mitochondria, ER, 

Chloroplast 

Preventing aggregation, assisting refolding, 

protein import and translocation, signal 

transduction, and transcriptional activation. 

HSP90 Cytosol, Mitochondria, ER, 

Chloroplast 

Facilitating maturation of signalling 

molecules, protein trafficking. 

HSP100 Cytosol, Mitochondria, 

Chloroplast. 

Disaggregation, unfolding. 

Classification of sHSP 

Based on location within cells, immunological cross reactivity and homology of their amino acid sequence: 

1. Class I - ER and Chloroplast.    

2. Class II - ER and Chloroplast. 

3. Class III – Mitochondria.  

4. Class IV – Mitochondria. 

5. Class V – ER. 

6. Class VI – ER. 

Importance of Heat Shock Proteins 

1. When excessive heat is applied to proteins, chain of amino acids which are folded into spirals, loops and 

sheets begin to lose their shapes. 
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2. When the interior of these proteins gets exposed to heat stress, proteins can adhere and form globs. This 

can make them dis-functional. 

3. Heat shock proteins bind to denatured proteins to prevent aggregation. 

4. Some Heat Shock Proteins, like Hsp100, have the ability to rescue already aggregated proteins (Priya et 

al., 2013). 

Why Don't Heat Shock Proteins Denature? 

1. Better Hydrogen Bonds. 

2. Better Hydrophobic Internal Packing. 

3. Enhanced Secondary Structure. 

4. Helix Dipole Stabilization. 

5. Stress resistance gene expression. 

Conclusions 

1. Plants exhibit a variety of response to temperature stress which are depicted by symptomatically and 

quantitative changes in growth and morphology. 

2. The ability of a plant to adjust temperature stress varies across and within the variety as well as 

development stages. 

3. The HSP play a main role in solving the problem of misfolding of proteins and protein denaturation in 

plants under stress condition which are very important in relation to stress resistance in adaptation to 

environment (Schlesinger, 1990). 
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Introduction 

Over recent decades, integrated pest management (IPM) – the combined use of multiple pest management 

methods is gaining popularity. Out of all the methods followed for pest management, host habitat 

manipulation can serve as an eco-friendly method to manage the pest of a particular ecosystem. Host 

habitat manipulation is otherwise known as ecological engineering focuses on reducing mortality of natural 

enemies, providing the supplementary resources and manipulating host plant attributes for the benefit of 

natural bio-agents. This can be achieved by enhancing the plant diversity and by providing adequate 

refugia in the agroecosystem. Endemic natural enemies (predators and parasites) offer a potential but 

understudied approach to controlling insect pests in agricultural systems. Habitat for sustaining 

populations of natural enemies occurs primarily at field edges where crops and edge vegetation meet. 

Conservation and enhancement of natural enemies might include manipulation of plant species and plant 

arrangement, particularly at these edges; and consideration of optimum field sizes, number of edges, and 

management practices in and near edges. 

Ecological Engineering 

Odum (1962) was among the first to use the term „ecological engineering‟, which was viewed as 

“environmental manipulation by man using small amounts of supplementary energy to control systems in 

which the main energy drives are still coming from natural sources”. 

Habitat Manipulation Techniques 

Contemporary habitat manipulation has its genesis in practices that have been used to promote generalist 

predators in agricultural systems for centuries. An example of an early habitat manipulation technique, 

used by Chinese farmers for over 2000 years and still in use today, is the use of straw shelters to provide 

temporary spider refugia and overwintering sites during cyclic farming disturbances (Dong and Xu, 1984). 

1. Top-down control: Here herbivores (second trophic level) are suppressed by the natural bio-agents 

(third trophic level) and this type of approach is seen in Augmentive biological control. 

2. Bottom-up control: In this approach, manipulation within crop, such as green mulches and cover crop 

(first trophic level) will act on pests directly. This type of approach is seen in habitat manipulation of 

Conservation biological control. 

Possible Ways to Enhance Natural Diversity 

1. Structural and cultural diversity: Trees and other tall vegetation can provide the vertical structure 

needed by spiders and birds. Flowering shrubs, herbs and annual and perennial forbs can provide for 

parasitic ichneumonids and syrphids that feed on flower, nectar and pollen. The syrphids are predators of 

aphids and are more abundant in areas of high floral diversity and abundance (Ruppert and Moltan, 1991). 

Aphids that feed goldenrod can be used as alternative prey for ladybird beetles (Coccinellidae) when 

population of their primary prey is low (Altieri and Whitcomb, 1979). 

2. Overwintering sites: Windbreaks can be used by arthropod predators as overwintering sites if 

appropriate vegetation is available. In South Carolina, certain species of coccinellids that feed on insect 

pests of field and orchard crops overwinter at field edges in herbaceous vegetation, grass, and tree litter. 

3. Cultural practices: Cultural practices such as ploughing, cultivating and harvesting can radically alter 

the abundance of predators such as spiders, birds, and small mammals. Clean cultivation of a field or 

around trees may increase crop survival but also can decrease survival of birds, small mammals, spiders, 

or carabids. 
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4. Providing refugia: Plants, which shelter the natural enemies during unfavourable periods like winter 

in high altitudes, dry seasons in tropical areas, are called so. Artificially created grasses sown. 

Constraints 

There is basic need to strengthen the research on defining the role of the tri trophic interactions, cultural 

practices and other practices in improving the efficiency of the natural enemies for important species of 

natural enemies used in India.  

Integration of the conservation and manipulation techniques in the IPM modules should be done and be 

tested for proper pest management practices for different crop pests.  

Removing the extension gap between the researcher and the farmer is pivotal for the success of the 

conservation and manipulation techniques.  

Periodical training is necessary to educate the extension workers and farmers on biological control 

incorporating the conservation and manipulation methods. Studies should be conducted in larger areas so 

as to generate good amount of data on the use of the semi chemicals. 

Conclusion 

Habitat manipulation is another form of augmentation and conservation of natural enemies in which 

cropping system altered successfully to augment and enhance the effectiveness of the natural enemies. 

Adult parasitoids and predators significantly benefited from source of nectar and the protection provided 

by refuge (hedge rows, cover crops and weedy borders). Mixed planting increases the diversity of habitats 

and provide more effective shelter and alternative food source to predators and parasites.  
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Soil and Water Conservation 

Soil is the most important resource on which agriculture is based. Proper management of this valuable 

resource is vital to sustain long-term agricultural productivity. Unfortunately, soil erosion is usually only 

identified as a problem when channels are cut through fields that are so deep, they restrict cultivation 

practices. Soil loss is not only a problem for the farmer, with the loss of organic matter and fertility; it is 

also an environmental problem. Soil and water conservation practices are tooling the farmer can use to 

prevent soil degradation and build organic matter. These practices include, agronomical, agrostological and 

mechanical measures. 

Agronomical Measures 

1. Contour cultivation: It includes contour ploughing, contour sowing and other intercultural operations. 

By ploughing and sowing across the slope each ridge of plough furrow and each row of the crop act as 

obstruction to runoff, providing more opportunity time for water to enter the soil and reduce soil erosion. 

2. Crop rotation: It is a tool that enables farmers to increase soil organic matter content, soil structure 

and rooting depth. This is accomplished by growing secondary crops which enhance soil health. Root crops 

are particularly destructive to soil structure because of the extensive shattering of soil aggregates during 

seedbed preparation and harvest. For this reason, root crops should not be grown more than once every 

three years. 

3. Cover cropping and Mulching are effective at reducing soil erosion by leaving a cover over the soil 

which reduces soil displacement associated with the impact of raindrops hitting soil particles. They also 

reduce the volume and velocity of runoff over the soil. Mulching consists of applying organic material over 

the exposed soil. 

4. Conservation tillage is field operations aimed at preserving soil aggregates, organic matter and 

surface residue from previous crops. Conservation tillage helps preserve soil moisture by leaving at least 

30% of the soil surface covered with crop stubble, thereby decreasing wind and water erosion. The crop 

stubble layer reduces evaporation in the soil profile by one-half compared to bare soil. Conservation tillage 

can also reduce pollution caused by runoff and enrich the soil with organic matter. 

5. Residue management is a facet of conservation tillage that is designed to leave crop residue on the 

soil surface to prevent erosion. The amount of residue on the soil surface depends on the amount of residue 

left from the previous crop and the tillage performed. 

Agrostological Measures 

Cultivation of grass in a land which is heavily eroded is called an agrostological measure. This is of two 

types. In ley farming grass is cultivated in rotation with regular crops. This helps in soil protection as well 

as produce fodder to cattle. If a land is heavily eroded il is best to allow it to the growth of grasses for few 

years. This will help in the checking of erosion. 

Mechanical Measures 

The main aims of mechanical measures are to allow for the absorption of run off, dividing the slope into 

short ones and protection against run off. A few of the mechanical measures are discussed below: 

1. Contour bunding: Since runoff from any given surface is along the line of greatest slope and the velocity 

of runoff increases through the vertical distance through which it is moved. Contour bund is the best means 

for arresting runoff as the watershed at a whole at any particular level.  
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2. Contour terracing: Along the contour, series of ridges or bunds of mud are formed to check the run oil. 

This is of four types. In channel terrace a shallow channel is dug and the mud is deposited along the lower 

edge of the canal. In broad base ridge terrace a canal is formed on the contour by excavating the mud. The 

canal is wide. If it is narrow, it is called narrow based ridge terrace. In bench terracing a series of platforms 

are formed along the contour across the general slope of the plant. 

3. Contour trenching: Several 2 feet by one-foot trenches are formed across the slopes at suitable 

intervals. Tree seedlings are to be planted above the trench. 

4. Bench terracing: It is usually practiced on slope ranging from 16 to 33 per cent. It consists of principally 

transforming relatively steep land into a series of level strips or platforms across the slope of the land. It 

reduces the slope length and consequently erosion. 

Water Harvesting Structures 

1. In-situ water harvesting structures: Inter row or In-situ water harvesting structures like ridges and 

furrow system, compartmental bunding, dead furrows, raised and sunken beds, tide ridges, broad bed 

furrow are used according to the soil, rainfall patterns and crops cultivated. The risk of moisture stress is 

reduced to the crops during the dry spell. In organic farming under dry land situation the microbial activity 

is not damaged during the dry spell due to these kinds of structures.  

2. Micro-catchments: A pant can grow in a region with too little rainfall with micro-catchments. The area 

of micro-catchment may be 16 m2. Each is surrounded by a dirt wall of 15 cm height. At the lowest point a 

basin is dug 40 cm deep and a tree is planted.  

3. Farm ponds: Farm ponds of size 100 to 300 m3 may be dug to store 30 per cent runoff. The stored water 

may be used for supplemental irrigation.  

4. Percolation tank: Flowing rivulets or big gullies are obstructed and water is ponded. Water from the 

ponds percolates into the soil and raises the water table of the region. 
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Summary 

Microgreens are youthful greens of vegetables, spices and other edible plants having two fully developed 

cotyledon leaves. Taxonomic families of common microgreens, its importance, health benefit, presence of 

phytochemicals, as well as other micronutrients are maintained in this article. 

Introduction 

Microgreens are the seedlings of edible plants (vegetables and herbs) that are about 2-3 inch tall, harvested 

7–14 days post planting when the first true leaves start to emerge. Microgreens are a close cousin of sprouts. 

They are an emerging class of produce that have gained increasing popularity (Kyriacou et al., 2016; Turner 

et al., 2020). 

It contains considerably higher levels of vitamins and carotenoids - about five times on an average - than 

their mature counterparts. Such soaring levels of nutrients help lower the risk of cancer, alzheimer's, 

osteoporosis and boost heart health.  

Microgreens first made their appearance as a garnish in the early 80s but soon caught up as the healthiest 

trend due to their nutritional superpowers. 

Microgreens in India, however, are still at the outset of becoming a part of our daily diet. The fine-dine 

restaurants in metro cities like Delhi, Bangalore, Mumbai have recently started adding micro greens to 

their salads, appetizers, sandwiches, desserts, mock tails and such. 

Taxonomic families of common microgreens (Source: Turner et al., 2020): 

Alliaceae onions, garlic etc. 

Amaranthaceae spinach, amaranth, beets etc. 

Apiaceae celery, Coriander, fennel, parsley, carrot 

Asteraceae lettuce, sunflower, garland chrysanthemum, marigold 

Brassicaceae mustards, cabbages, broccoli, cauliflower, radishes, tat choy, arugula, cresses, 

turnip, kale or leaf cabbage, pak choi etc. 

Cucurbitaceae cucumber 

Fabaceae sweet pea, alfalfa, fenugreek, fava 

Lamiaceae mint, basil, chia, and lemon balm 

Oxalidaceae clover 

Poaceae corn, lemongrass 

Polygonaceae buckwheat 

Portulacaceae claytonia, purslane 

Importance of Microgreens 

1. Easy to Grow: Microgreens are incredibly easy to grow since they are harvested at the first true leaf 

stage and can be grown effortlessly on a sunny windowsill.  

2. Quick to harvest: Microgreens get ready to eat in just two weeks.  

3. Packed with flavors: Though microgreens are tiny, the concentration of flavors makes them a favorite 

of chefs and food lovers around the world.  

4. Loaded with nutrients: Microgreens have a higher concentration of nutrients than mature vegetables 

and herbs. Some microgreen varieties are having up to 40 times more nutrition than grown vegetables. 

https://ift.onlinelibrary.wiley.com/doi/full/10.1111/1750-3841.15049#jfds15049-bib-0060
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Mechanical Measures 

They contain high amounts of vitamins, minerals and beneficial plant compounds which may reduce the 

risk of various diseases, like-  

1. Heart disease: rich source of polyphenols, lowers the risk of heart disease, may lower triglyceride and 

“bad” LDL cholesterol levels.  

2. Alzheimer’s disease: Antioxidant-rich foods, lowers risk of Alzheimer’s disease.  

3. Diabetes: Helps reduce stress that can prevent sugar. In lab studies, fenugreek microgreens appeared 

to enhance cellular sugar uptake by 25–44%.  

4. Certain cancers: Fruits and vegetables, especially those rich in polyphenols, may lower the risk of 

various types of cancer.  

5. Chronic Disease: Inflammation is a major indicator of disease in the body. Microgreens and vegetable 

intake in general is shown to reduce inflammation markers. 

Rainbow of Microgreens 

Fruits and vegetables are available in different colors. Microgreens of different colors represent different 

healthy compounds called phytochemicals, as well as other micronutrients. 

1. Red vegetables contain lycopene, which is a powerful antioxidant.  

2. Orange and yellow vegetables contain carotenoids like beta carotene and lutein, which the body 

converts into vitamin A.  

3. Blue and purple vegetables contain anthocyanin which can help protect cells from damage.  

4. Green vegetables contain a wide range of different phyto chemicals including saponins, indoles, and 

carotenoids.  

5. Brown and white vegetables like garlic contain allicin which has antibacterial properties. 

 

 
 

 

Amaranthus Flax Fenugreek Beet root 

Conclusion 

Microgreens can be a worthwhile addition into our diet as they are very nutritious and easy to grow. They 

can give expanded networks of employment, provide food security and empower independence in homes. 

Microgreens yield brilliant under urban farming in little spaces, as they can be fitted in any climate with 

negligible supplies. 
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Abstract 

When a foreign particle like virus, bacteria or fungi is injected into mammal or a bird, it induces the injected 

animal to produce specific protein called antibodies. Antibodies are generally very specific and reacts to 

specific portion of antigen. In plant pathology, there are various uses of serodiagnosis like detection of 

symptomless infection, measurement of pathogen quantitatively, relationship with pathogen etc. in which 

quick identification of bacteria is one of them. As it has defined specificity and quick availability, these are 

applied in areas of agricultural sciences, medical, veterinary etc. So, understanding different types of 

serodiagnosis methods become necessary and crucial in modern days. 

Keyword: ELISA, Antiserum, Precipitation, Antigen. 

Introduction 

Serodiagnosis is a process in which any foreign protein (antigen) such as a virus, fungi, or a bacterial 

protein is injected into a mammal (mice, rabbit, horse) or a bird (turkey). It induces the animal to produce 

specific proteins called antibodies. This antibody then circulates inside the cell and only react with specific 

part of antigen. 

White blood cell contains serum/ platelets. Serum containing antibodies are called anti-serum which is to 

identify bacterial immunological reaction between antigen and antibody. Antigens are proteins or lipo 

proteins or polysaccharides of high molecular weight. Due to high molecular weight these are stable and 

don’t break easily in adverse condition. In bacteria antigen can act in three ways. First is protein present 

in flagella (H antigen), second is lipo protein in cell wall (O antigen) and third is polysaccharide in capsule 

(K antigen). Antibodies are immunoglobulin like particles which can be of four types. These are IgM, IgG, 

IgH, IgA, IgF. 

When an antigen is injected, it generally produces IgM. T and B lymphocytes produces antibody. B 

lymphocytes produce memory cells in addition to antibodies production. Antibodies are characterized by its 

ability to combine with protein to form some visible reaction and this specificity is based on nature, size 

and number of some determinant group on surface of antigen. Once antigen enters through antigen 

receptor, it dissolves totally in the flexible arm of the antibody. 

Procedure for Production of Antisera 

Bacteria is isolated and pure culture (all present in a colony must be genetically identical) is maintained. 

The bacteria are used as antigen and these are washed out from growth medium. 0.8% of saline water is 

used to make bacterial suspension which need to be injected in the blood system of animal. These are 

thoroughly mixed, centrifused and supernatant is discarded. 

This process is repeated for three to four times to get bacterial suspension 10³ cfu/ml. the antigen now is 

introduced into animal most preferably rabbit, guinea pig, goat etc. through intravenous injection (dose 

may be low) followed by intra muscular injection (dose may be high). Initially IgM antibodies appear in 

blood within one week as primary response. 

In next process the blood is obtained from ear or thigh followed by from heart of injected animal (let say 

rabbit) by giving cardiac puncture in room temperature. Immunoagent can be injected to boost antibody 

production. Blood is allowed to clot followed by low-speed centrifugation at 1000 rpm. Clearly antiserum 

(supernatant) separates from blood cell i.e., pellet which is discarded. In next process this is kept frozen at 

0-2̊C. This is used for identification of next bacteria. 
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Types of Serological Tests 

Serological test can be performed by combining antigen and antibody in several ways for detection and 

identification of antigenic substance. Precipitin test is the process in which antigen and antibody combines 

to form a precipitate. This is of four types. These are precipitin test in liquid media (tube precipitation, ring 

interface precipitation, microprecipitin test), precipitin test in agar/ gel diffusion test (Ouchterlony double 

diffusion test, radial diffusion test), chloroplast agglutination test, latex agglutination test. Other process 

is enzyme linked immunosorbent assay (ELISA) which is of eight types. 

These are DAS ELISA, Indirect ELISA/ DAC ELISA, Competitive ELISA, Blot ELISA, Immunosorbent 

electron microscopy (ISEM), monoclonal antibody technique, alternative to hybridoma technology, 

immunofluroscence or lebeled antibody technique. In tube precipitation test, various dilution of virus 

suspension and antiserum are mixed in thin-walled glass tube incubated at 37̊C in a waterbath. Result of 

precipitate is flocculant type. 

Ring interface precipitation is a modification of tube precipitation test. Antiserum is placed in small tube 

on which antigen is layered on top. This is immersed in waterbath at 370 C in order to cause partial 

convection. In microprecipitin test, drop of antigen dilution is placed per well of microtitre 

(haemagglutination) plastic trays of each column. Two drops stirred together which forms cloudy 

precipitation after some hours. In gel diffusion test, antigen (virus) diffuses in a ring from centre well and 

antiserum from outer well. 

If the virus has antigenic site in common with antiserum, then precipitate will form in agar and this will 

be visible in between two well. In DAS ELISA, antibody is placed first which is coated to the wall followed 

by antigen. This is washed with buffer. The gap is filled with skim milk followed by adding enzyme 

conjugated secondary antibody. The process is followed by washing with buffer. Substrate is added and 

color intensity is measured. In DAC ELISA/ indirect ELISA, antigen is added first which coats to the wall 

followed by washing with buffer solution. Specific antibody is added followed by washing with buffer 

solution again. 

Then enzyme conjugated secondary antibody is added followed by adding the substrate and color intensity 

is measured. In competitive ELISA, incubate antibody with antigen is to be measured followed by adding 

Ag-Ab mixture to antigen coated well. This is washed with buffer solution and enzyme conjugated 

secondary antibody is added followed by adding substrate. Color intensity is measured accordingly. 

Conclusion 

Serodiagnosis is a sensitive process which can be used in applied plant pathology. It is useful in identifying 

species specific molecules.  Antisera can be stored for years eliminating the need for continuous propagation 

of infected plants. Large number of samples can be detected concurrently. The result of serodiagnosis are 

quantitative, time consuming, accurate and require small quantity of antiserum. In modern days 

serodiagnosis plays a vital role in identification of phytopathogen. 
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Introduction 

Cotton, the most important commercial crop playing a key role in economic and social affairs of the world 

continues to be acclaimed as ‘king fibre’. Cotton defined as “A soft white fibrous substance which surrounds 

the seed of the cotton plant and is made into textile fibre and thread for sewing”. It can be defined as “A 

crop plant with white hairs”. The culture and history of India is intimately related at all periods with the 

growth of cotton and cotton textiles. The British Empire, for over a century, from 1840 AD made a big 

fortune on Indian cotton, available, to it as the cheapest raw material for its world encompassing textile 

industry. Among the fibre crops, cotton provides about 80 per cent of the raw materials for the manufacture 

of textile in the country (Rahinj et al., 2019). 

Cotton is one of the most important crops throughout the history of India and it also plays an important 

social and economic role in the Indian society in the present age. India has made tremendous gains in the 

cotton sector in recent times, as it stood second in the world in terms of production, consumption and in 

exporting (Konduru et al., 2013). Cotton accounts for 44 per cent of all fibers used in the world. It is an 

important commercial crop for India and sustains the country's textile industry which is perhaps the largest 

segment of organized industries in the country. Cotton is cultivated primarily in three distinct agro-climatic 

zones, namely; north zone comprising of Punjab, Haryana and northern Rajasthan; central zone comprising 

of Maharashtra, Gujarat and Madhya Pradesh, and south zone comprising of Tamil Nadu, Karnataka and 

Andhra Pradesh (Prasad and Majumdar, 1999). 

Some of the Issues Related to Manual Picking of Cotton 

In India, cotton, whether it is rain fed or irrigated, is hand-picked by labourers. Problems associated with 

the hand-picking of cotton are as follows: 

1. Manual picking is not only tedious but also costlier than other agricultural operations. Manual picking 

of cotton requires around 465 labour-hours per hectare. 

2. Due to non-availability of labourers when required, cotton picking gets delayed causing yield loss which 

may be up to 15 per cent and also affecting the overall quality of lint. 

3. The shortage of labour in some areas of India, which are fast industrializing, is also impacting the 

profitability of the cotton crop. 

4. Farmers are finding difficulties to complete picking operation in time even after spending more money. 

Some of the Problems Associated with Mechanical Picking of Cotton in India 

Cotton farming in India, however, is highly dependent on manual labor with minimal automation. While 

considerable automation has been brought into practice on the crop cultivation front through machinery 

for tilling, plowing, sowing etc., very little has been done to automate the cotton harvesting process which 

is referred to as cotton picking. The cotton picker machines are not applicable in the Indian context for 

several reasons: 

1. India has 5.8 million cotton farmers with an average farm size of 4 acres (ranging from  

2 – 10 acres) and no standard geometry. These farms do not have the economies of scale to justify large 

cotton picker machines 

2. Cotton plants in India vary in height. The cotton flower can be at a height of 6 inches to 6 feet from the 

ground. Cotton plants in large US industrial farms have a smaller height range that fall within the 

specifications of the cotton picker machines 

3. The market for large farm equipment in India generally works on the leasing model 
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4. Some people in a village own farming equipment which is leased by farmers as needed. With cotton 

pickers being specific to the industry, equipment owners do not look at it as a high return on asset (ROA) 

investment. 

5. Cotton plantations in India are non-standard in row-torow distance and plant-to-plant distances. Row-

to-row distances can vary from 60-90 cm whereas plant-to-plant distances vary from 25-70 cm. The 

industrial solutions that exist today are not designed to cater to such non-standard fields. 

6. Almost all varieties/ hybrids (including BT hybrids being largely cultivated in India) are sympodial which 

are not suitable for mechanical harvesting of cotton. 

7. While hand-picking of cotton results in 2-2.5 per cent trash content, it would be much higher in cotton 

picked mechanically. For ginning mills, pre-cleaning will become a big operation. 

Status of Mechanization of Cotton Harvesting in India 

Farm mechanization is defined as essentially a judicious mix of resources, implements, machines and 

power sources. Farm mechanization in India is undergoing changes in all the components at different paces 

in different field operations and in different geographic areas. Though the usage of mechanical power in 

Indian agricultural fields is on an increasing trend, it is mostly restricted to usage of improved hand tools, 

animal drawn equipment and to some extent tractor drawn equipment. The most common types of 

mechanization that are seen on Indian farms are tractors and irrigation equipment.  

The mechanization of various agricultural operations in India can be categorized on the basis of size of the 

farms, geographic location and type of crop. Mechanization in terms of ownership of tractors is mostly seen 

in larger farms than in smaller farms. A similar rate of mechanization also prevails in cotton sector as in 

other crops for land preparation and application of fertilizers and chemicals. But regarding the harvesting 

operation, almost the entire cotton production in India is hand-picked by human labor spending about 0.9 

man-h/kg of cotton and costing almost 10 times than irrigation and two times the weeding costs. It is 

estimated that about 60% of cotton will be mechanically picked. It is reported that the labor availability 

has dropped from 70.3% of the population in 1961 to 48.9% in 2010 and cost of picking cotton from the farm 

has increased to Rs 10-12 kg from Rs 4 in 2007 (Muthumilselvan et al., 2007). 

Cotton harvesters are of two types, pickers and strippers. The pickers are selective that they only harvest 

the open bolls of seed cotton.  The cotton picker performs the work of hand picker in that only the locks of 

seed cotton are removed from the plant. There are four ways of classifying cotton pickers. They are by 

method of mounting, by number of rows harvested, by height of picking drums and by type of spindle used. 

It can be tractor mounted or self-propelled by one or two rows. In this the cotton seed is removed from open 

bolls whereas green and unopened bolls are left on the plant to mature for later picking (Singh, A., 2018). 

A mechanical picker consists of a conveying system for picked cotton and a storage drum. Other type of 

machines are strippers, these are non-selective, as they strip the entire plant of both opened and unopened 

bolls. Cotton stripping machines are single steel roller, double steel roller or finger type. A plant population 

of 75-125 thousand per hectare in 1.2 m rows is commonly recommended for stripping harvesting. The 

double roll cotton stripper may be centrally mounted on the tractor or it may be self-propelled. There are 

two different methods of conveying cotton from stripping unit i.e., finger beater rolls and augers. The finer 

beater rolls are used with finger type strippers. Auger type of conveyor is suitable for roller type strippers. 

High amount of dirt and trash can be screened out of the cotton through openings in the housing under the 

conveyers particularly where revolving beater conveyors are used (Konduru et al., 2013). 

As of now, the mechanical cotton pickers suitable for Indian field test conditions operate by suction valve 

and include Pneumatic Cotton Picker; Power Tiller Operated Cotton Picker and Tractor Operated Cotton 

Picker. Recently, the John Deere Company has come up with two-row pickers. 

Conclusion 

1. India has 5.8 million cotton farmers with an average farm size of 4 acres (ranging from  

2 – 10 acres) and no standard geometry. 

2. The usage of mechanical power in Indian agricultural fields is on an increasing trend, it is mostly 

restricted to usage of improved hand tools, animal drawn equipment and to some extent tractor drawn 

equipment. 
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3. About 60% of cotton will be mechanically picked and it is reported that the labor availability has dropped 

from 70.3% of the population in 1961 to 48.9 % in 2010. 

4. The mechanical cotton pickers suitable for Indian field test conditions operate by suction valve and 

include Pneumatic Cotton Picker; Power Tiller Operated Cotton Picker and Tractor Operated Cotton 

Picker. 
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What is quarantine in true sense? Is it something that comes into play only during life threatening 

pandemics? The answer to this question has to be “NO”. This article deals with origins, types, importance 

and role of quarantine in various spheres of life. 

Definition 

Quarantine is a restriction on the movement of people, animals and goods who were exposed to a contagious 

disease to see if they become sick, which is intended to prevent the spread of disease or pests. The term 

quarantine comes from Italian words quaranta giorni meaning “forty days”, which was enforced as a 

restriction on the movement of people and goods amidst endemics so that diseases can be prevented from 

becoming infectious on a bigger level. 

History and Need for Quarantine 

The practice of quarantine, as we know it, began during the 14th century in an effort to protect coastal cities 

from bubonic plague epidemics, popularly known as Black Death. It is the most fatal pandemic recorded in 

human history, causing the death of 75-200 million people in Eurasia and North Africa. Ships arriving in 

Venice from infected ports were required to sit at an anchor for 30days in isolation, known as trentino. This 

later extended to 40 days period, known as quarantino. In 1793, yellow fever hit Philadelphia and sailors 

were quarantined in a hospital outside the city. Thereafter, similar practices became well renowned 

amongst other countries in order to keep various infections at bay. 

Quarantine for Humans 

Quarantine is the physical separation and restriction of movement of individuals who may have been 

exposed to a contagious disease, who may or may not be infected but are not ill,and who may become 

infectious to others.Thus, individuals who are quarantined are asymptomaticand may or may not be 

infected or pose any danger to others. The laws and the practices for quarantine implementation vary 

significantly between human population and the other organisms. Quarantine is usually implemented post 

the outbreak of a contagious disease, COVID-19 being the most recent.  A committee is compiled on “when 

and how” the quarantine should be executed and whether the quarantine would be effective in the given 

set of circumstances. The types and intensity of quarantine measures can differ. 

Types of Quarantine 

1. Enhanced Community Quarantine (ECQ): This quarantine is undertaken as a preliminary 

quarantine in which temporary measures are executed which impose strict limitations on movement of 

people alongwith regulation of operating industries while the demand for food and essential services is 

fulfilled. Moreover, there is heightened presence of uniformed personnel so that the community quarantine 

protocols can be enforced effectively. 

2. Modified Enhanced Community (MECQ): This is a transition phase between ECQ and GCQ, the 

temporary measures are turned into rather less stringent limitations on the movement of people and goods. 

The regulation of the operating industries is made less strict whilst the provision of food and essential 

service and the presence of uniformed personnel to enforce community quarantine protocols are still being 

followed. 

3. General Community Quarantine (GCQ): It has moderate and lenient measures as compared to the 

ECQ AND MECQ protocols.Movement of non-workers is checked with curfew, and safety protocols are still 

to be followed at the high risk occupations and industries. 

4. Modified General Community Quarantine (MGCQ): It is a transition phase between GCQ and the 

NEW NORMAL, when these temporary measures are relaxed: limited movement and transportation, the 
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regulation of operating industries and the presence of uniformed personnel to enforce community 

quarantine protocols become less necessary. 

Quarantine for Organisms and Potential Carriers 

For quarantine purposes, an organism can be described as any living thing, apart from humans, that can 

cause disease. A potential carrier could be defined as anything that is capable of carrying organism. Under 

biosecurity legislation, any item that poses a biosecurity risk should be referred to quarantine inspectors 

for assessment. The items are often referred to as “quarantine risk items” or “quarantine risk materials”. 

An example of quarantine for potential carriers: Indian government established a center at the Mumbai 

Sea Port in 1949 and at Madras in 1950. Thereafter in the coming 3 years, such stations were also started 

at Cochin, Calcutta and Vishakhapatnam respectively. At all these centers, plant quarantine laboratories 

were developed which verify the certificate issued by government whether the food grains or other 

materials are free from the pests and diseases or not. In case the material is found infested, it is fumigated 

at that very station. The cotton which is to be imported is invariably fumigated at these stations, so that 

the cotton boll weevil may not get the entry in India. 

Quarantine, an Effective Approach or Not! 
As per an article published under the title “when is quarantine a useful control strategy for emerging 

infectious diseases?” published in the American journal of Epidemiology, there are requirements for 

quarantine to substantially reduce the number of infections that occur during a disease outbreak. As such, 

the number of infections averted through the use of quarantine is expected to be very low, provided that 

isolation is effective. If isolation is ineffective, then the use of quarantine will be most beneficial only when 

there is significant asymptomatic transmission and if the asymptomatic period is neither very long nor 

very short. 

Although, in case the potential carriers are concerned, quarantine has been found to be extremely useful. 

There still are cases of various exotic pathogens of crops, but the efficiency ratio of quarantine practices, 

especially at the import-export borders has been found to be really high. 

Instructions for Being Quarantined 

1. Wash hand as often thoroughly with soap and water or with alcohol-based hand sanitizer 

2. Avoid sharing household items e.g., Dishes, drinking glasses, cups, eating utensils, towels, bedding, or 

other people at home. 

3. Wear a surgical mask at all the time. The mask should be changed every 6-8 hours and disposed of mask 

are never to be reused. 

4. Masks used by patient/care givers/ close contacts during home Care should be disinfected using ordinary 

bleach solution (5%) or sodium hypochlorite solution (1%) and then disposed of either by burning or deep 

burial. 

5. Used mask should be considered as potentially infected. 

6. If symptoms appear (cough/fever/difficulty in breathing), he/she should immediately inform the nearest 

health center or call 011-23978046. 
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Introduction 

Bougainvillea is a very popular evergreen landscape plant in tropical and subtropical areas. Bougainvillea 

plant is a powerhouse bloomer that covers itself in bright colour for most of the growing season. 

Bougainvillea genus have about 18 species of shrubs, vines or small trees, belonging to the four-o’clock 

family i.e., Nyctaginaceae which is native to South America. In those species many species are thorny. Only 

the woody vines have attained wide popularity, several species have produced very showy cultivated 

varieties, which are often grown indoors & in conservatories. The vine species of bougainvillea grow 

anywhere from 1 to 12m tall, scrambling over other plants with their spiky thorns. Bougainvillea can also 

be grown in hanging baskets in well-drained soil. The plant must get full sun & little water. Bougainvillea 

can grow up to a height of 7m and spread up to 20 feet. 

 
Source: My Home 

Importance 

Traditionally bougainvillea flowers, has been used for medicinal purposes. We can steep dried or fresh 

flowers and bracts in boiled water, and drink them as a tea. Since bougainvillea has antipyretic effects, 

consumption of tea made from its flower can be an effective remedy for reducing fever. Regular consumption 

of tea made from purple bougainvillea flowers can help clean out our body. It effectively removes toxins 

and other harmful material from our body which are caused by exposure to pollution and unhealthy diet. 

Bougainvillea can be used for controlling diabetes. It can prevent blood sugar levels from spiking thus 

making it beneficial for people with diabetes. It has an expectorant property that helps get rid of mucus 

from the respiratory tract thereby boosting cough recovery. Bougainvillea can provide help in the treatment 

of the serious disease like hepatitis. Due to its anti-inflammatory properties, these flowers can help in 

dealing with inflammation caused by joint pain and swollen joints. It can effectively ease pain by reducing 

inflammation. 

Use in Landscaping 

Bougainvillea are popular ornamental plants in most areas with warm climates. Using bougainvillea in 

landscaping enhance the beauty of the area and look more attractive. 

1. House plant/Hanging baskets: They can be used as a houseplant or hanging basket in cooler climates. 

In the landscape, it makes an excellent hot season plant and its drought tolerance makes it ideal for warm 

climates year-round. 
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Source: http://balconygardenweb 

2. Flowerbeds: Bougainvillea can be grown as in flower beds. 

 
Source: http://balconygardenweb 

3. Shrub: Bougainvillea can be grown as shrub. 

 
Source: http://balconygardenweb 

4. Pot Plant: Bougainvillea is known for best pot plant. 

 
Source: http://balconygardenweb 
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5. Climber: Bougainvillea can be grown as a climber on the rooftop in a large pot and support it with a 

sturdy trellis. 

 
Source: http://balconygardenweb 

6. Pergola plant: Bougainvillea is undoubtedly one of the best pergola plants. 

 
Source: http://balconygardenweb 

Soil & Climate 

Bougainvillea required high light intensity for good flowering. Low light and shady areas are not suitable, 

as the plant will drop their bracts. Bougainvillea does best at elevation from 10- 2500 feet. It grows well in 

rich, well drained, acidic (pH 5.5-6.0) soil, it does not thrive in soil that is constantly wet. Proper soil pH is 

essential because it affects the availability of minerals element. A soil pH above 6.0 increases the possibility 

of micro nutrient deficiencies, particularly iron. Bougainvillea is drought tolerant, salt tolerant, and wind 

resistant. 

Characteristics 

Flower: The bougainvillea flower is small and smooth & generally white, but each cluster of three flowers 

is surrounded by 3 or 6 bracts with the bright colours associated with plant. The bracts are red, dark pink, 

or purple, white the small flowers are cream coloured. The colourful bracts appear up & down the branches. 

There are many different varieties of bougainvillea with different colour. There are pink, red, yellow, white, 

orange, violet & other rare varieties of bougainvillea. The flower has few petals and sepal below. The petals 

have a pointed soft tip. Although not technically part of the bougainvillea flower, specialized leaves called 

bracts surrounded the tiny true flowers. The bracts are of two types single bract and multi bract. 
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Source: www.pinterest.com. 

a. Single bract: Single bract bougainvillea have flowers. 

 
Source: www.pinterest.com 

b. Multi bract: Multi bract bougainvillea don’t have any flower. 

 
Source: www.pinterest.com 

Branch and Stems: The branch of the bougainvillea characteristics is hard wood like. When it grows 

bigger, the stem hardens. It is a bush like plant. The branch may feel rough and has a few spots on it. The 

branch supports the leaves, flower, stem, roots. The branch stem characteristics is soft when young & 

hardens when getting older. The stem is soft and colour green when young & turns to brown as it gets old. 

The stem supports the flower & the leaves. 

Leaves: The leaves of bougainvillea characteristics are also important part. The leaves are small & smooth. 

The leaves are ovate, simple, alternately arranged with leaf stalks about 1 to 2.5 cm long. This part is very 

important because it process & produce foods through the photosynthesis. When the sun hits the leaves, it 

will convert into foods. When plant gets enough sunlight, it will grow better. It will produce green leaves & 

abundant flowers. Bougainvillea leaves are classified into two types i.e., green leaves and variegated leaves.  

a. Green Leaves: This type of leaves is fast growing and beneficial for the treatments like diabetes, 

hepatitis, cough, joint pain, sore throat etc. 
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Source: www.gardeningknowhow.com 

b. Variegated Leaves: Variegated leaves of bougainvillea enhance the ornamental value in plant 

that is why variegated bougainvillea are planted. 

 
Source: www.gardeningknowhow.com 

Root: The roots have a big role to bougainvillea. This is the entrance of all nutrients coming from the soil. 

The fertilizers we applied enter the roots & send it to all parts of plant. The roots also help the plants to 

drink water. Bougainvillea does not have strong root system. Bougainvillea roots tend to be long and brittle 

and they break easily if the ground they are growing in is disturbed in any way. Bougainvillea roots are 

also extremely sensitive to too much water. 

Taxonomical Classification 

The Bougainvillea genus was first discovered in brazil in 1786 by Louis Antoine de bougainvillea, a French 

navigator. It belongs to genus Bouganvillea and family: Nctaginaceae, Kingdom: Plantae, Order: 

Caryophyllales. The genus has 18 species i.e, B. glabra, B. spectabilis, B. peruviana, B. buttiana, B. 

berberidifolia, B. campanulata, B. hezogiana, B. infesta, B. lehmanniana, B. lehmannii, B. malmeana, B. 

modesta, B. pachyphylla, B. pomacea, B. praecox, B. spinosa, B. stipitata, B. trollii. 

References 
1. Rashid F, Sharif N, Ali I, Sharif S, Nisa FU, Naz S. Phytochemical analysis and inhibitory activity of ornamental plant 

(Bougainvillea spectabilis). Asian J Plant Sci. Res. 2013; 3:1-5. 

2. Gilman, E.F. 1999. Bougainvillea spp. Cooperative Extension Service, University of Florida, Fact bSheet FPS-70. 

3. Iredell, J. 1994. Growing bougainvilleas. Simon & Schuster Australia. East Roseville, NSW, Australia. 

4. Gupta V.N. and Kher M.A. (1991). Anote on the influence of auxins in regeneration of roots in the tip cutting of Bougainvillea 

sp. Var. Garnet Glorey under intermittent mist. Haryana J. Hort. Sci. 20(1-2). 

5. Banerji, B.K.2008. Attractive and lucrativebworld of variegated bougainvillea. Indian Bougainvillea Annuals, March,2008, 

Vol.21:5-11. 

 

http://www.gardeningknowhow.com/


 

 
Volume 3 - Issue 12 - December 2021       153 | P a g e  
 

Case Study on Reclamation and Management of Sand 

Dunes 
Article ID: 35252 

A. Ruban Cianna1, D. Leninraja2 
1PG Scholar (SS&AC), University of Agricultural Sciences, Bengaluru, Karnataka. 

2Asst. Professor (SS&AC), AC&RI, TNAU, Killikulam-628252, Tuticorin, Tamil Nadu. 

 

 

Introduction 

The sand covered terrain spreads over 80 per cent of the Thar desert of Rajasthan area, a large part of 

which comprises sand dunes. Census 2011 shows that 28 million people live across western Rajasthan in 

over 12 districts and four agro-climatic zones that have a dominant agrarian land use. Wind erosion and 

deposition causing sand movement and dust storms are the characteristic features of the Thar. Their 

severity is felt more in summer and is caused due to high wind speed, sandy terrain, sparse vegetation 

cover and human activity.  

About 0.15 million ha or 72 per cent of the area, is affected by wind erosion or deposition, of which 5,800 sq 

km is very severely degraded, 25,540 sq km is severely affected, 73,740 sq km is moderately affected and 

52,690 sq km is slightly affected. 

Problems in Sand Dunes 

1. Unlevelled land due to sand deposits, here and there.  

2. Problem in cultivation: poor crop growth, sandy texture.  

3. Highly permeable nature, high infiltration, less nutrients retention. 

4. Poor soil fertility. 

Case Study 

Strategies for wind or sand control measures have been targeted for dune covered areas and sandy plains 

of Rajasthan. There are some known mechanical and chemical methods to stabilise sand dunes. CAZRI’s 

afforestation technique has been quite effective for the Thar. The institute targeted old sand dunes formed 

some 10,000 years ago and which had stabilised naturally.  Their mobility was as low as 3 to 5 metres per 

annum. CAZRI’s activities include: 

1. Fencing of dune areas to protect against biotic interferences;  

2. Creating micro-wind breaks in parallel stripe or checkerboard patterns by planting locally available 

brushwood and grass;  

3. Afforestation on dune slopes by directly sowing grass seeds and transplanting seeds of indigenous and 

exotic species;  

4. Planting grass slips, seeds of grasses or leguminous creepers on the leeward side of the micro-wind 

breaks.  

5. Continuous management of dunes till the input cost is recovered.  

6. Plantations in checkerboard or parallel stripes restricts sand movement on dune slopes  

7. Development of improved variety of crops, identification and development of agro-forestry, agri-

horticulture, horti-pastoral and silvi-pastoral systems are helping farmers with better livelihood options.  

Leptadenia pyrotechnica (khimp), Ziziphus nummularia (pala), Crotalaria burhia (sinia) and Panicum 

turgidum (murath) where the species can be planted as brushwood to create micro-wind breaks. Acacia 

tortilis, Prosopis spp, Acacia senegal, Parkinsonia articulata and Tamarix articulata were planted as trees, 

and Lasiurus sindicus and Cenchrus ciliaris as grass.  

Today, the technique is being used in Rajasthan’s desert districts Jaisalmer, Barmer, Bikaner, Jodhpur 

and Churu. With help from the state forest department, sand dunes over 0.4 million ha have been fixed. In 

areas that do not have dunes, CAZRI carried out shelterbelt plantation. Vegetative barriers of trees, shrubs 

and bushes minimise the adverse effects of winds.  
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Trees like A.tortilis, E camal-dulensis, D. sissoo and T.undulata were planted in some 800 km in Jodhpur, 

Barmer, Jaisalmer, Churu, Jhunjhunu, Nagaur, Ajmer and Pali districts; 100 km along the railway tracks 

in Sikar-Loharu, Sikar-Fatehpur and Palsana-Deshnoke sections; and, 250 km in the Indira Gandhi Nahar 

Project (IGNP) area.  

At least 14 per cent higher soil moisture and 70 per cent more grain yield of pearl millet was recorded on 

the lee side of the shelterbelt. But shelterbelts are not popular among farmers because in many cases trees 

hinder agricultural operations and inter-field movements. Nowadays, planting trees on field bunds across 

the direction of the wind is encouraged 

Conclusion 

The use of techniques for efficient rainwater management, the introduction of new arid fruit and fodder 

crops, forest trees suitable for arid region, the management of plant diseases and insect pests, and 

enhancing gum exudation from trees have increased the scope for better crop prices to farmers. 
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Introduction 

The word laterite is derived from Latin word “later” which means “brick”. The main reason of laterite soil 

is formed due to intense leaching. Leaching happens due to high tropical rains and high temperature. These 

soils are poor in organic matter, nitrogen, phosphate and calcium, while iron oxide is in excess. Nearly all 

laterites are of rusty-red coloration, because of high iron oxide content and aluminium. Laterite soil is quite 

acidic and the pH level of laterite soil is mostly found to be around 4.5 - 6.5. 

Soil Chemical Constraints 

1. Soil acidity: These soils are developed from acidic parent rocks under the humid tropical environment, 

characterised by high rainfall and temperature conditions which are conducive to rapid removal of bases 

from the soil.  

2. Acid sulphate soils: 

a. Waterlogged area of lands has ultra-acid soils with pH less than 3.5.  

b. These soils are developed mainly from sulphur rich sediments of marine origin and in some areas 

occur below sea level and are ill drained.  

c. Oxidation of these sediments under aerobic situation experienced during summer months causes 

extreme acidic conditions leading to the formation of acid sulphate soils.  

3. Aluminium and iron toxicity:  

a. These soils are rich in iron and aluminium oxides and strongly acid with pH less than 5.5 resulting 

in high levels of soluble Al which accumulates in the root tip and causes injury and inhibits root 

growth. Aluminium toxicity occurs in the potential acid sulphate soils.  

b. Under aerobic conditions, pyrities mineral get oxidized to jarosite which is hydrolyzed to iron 

hydroxide and sulphuric acid causing drastic reduction in pH values.  

c. In the laterite region, the sub soil layers of the profile with pH less than 5.5, the clay minerals are 

solubilized bringing into solution K, Mg, Fe and Al. Concentration of Fe and Al increases to toxic 

levels in soils.  

d. Iron toxicity is often encountered in flooded anaerobic situation especially in rice ecosystem.  

e. The reducing conditions bring about solubilisation of oxides of iron, which compete with other 

cations like K+, Ca2+, Mg2+ and Zn2+, leading to deficiency of these elements.  

f. High concentration of soluble Fe also causes precipitation of soluble P into insoluble forms making 

it unavailable to plants.  

g. Toxic levels of Fe are also harmful to the roots. Iron toxicity is more observed under poorly drained 

conditions and in soils with low cation exchange capacity.  

4. Subsoil acidity: 

a. The subsoil layers of the laterite soil are often very strongly acid (pH 4.5 and less) resulting in 

solubilisation of exchangeable Al and deficiency of Ca and Mg.  

b. Exchangeable Al in toxic levels inhibits root growth and the target is the root apex causing 

stunting of primary roots and growth inhibition of the lateral roots.  

c. Combined application of gypsum and dolomitic limestone is recommended to neutralize 

exchangeable Al levels in subsoil and alleviate deficiency of Ca and Mg.  

d. Gypsum and its combination with liming materials enables substantial movement of Ca and Mg 

to lower levels due to the presence of stable and mobile SO4
2- ion.  

5. Low nutrient reserves and retention: 
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a. In general, these soils are highly weathered and dominated by low activity clays with acidic pH, 

very low cation exchange capacity (CEC) and base saturation, low nutrient reserves and low water 

holding capacity.  

b. The high rainfall conditions result in intense leaching leading to further decrease in nutrient 

status. The dominance of low activity clays with low CEC and poor carbon reserves contribute to 

poor nutrient retention in soils.  

c. Low organic matter content of the soil is another factor responsible for the poor nutrient and water 

holding capacity of soils.  

d. Regular application of organic manures and green manuring helps in improving carbon reserve 

and thereby improving nutrient and water holding capacity. 

6. High phosphorus fixation:  

a. The important factor controlling the availability of P in soils is the maintenance of soil pH between 

6.0 and 7.0.  

b. Acidic soil and rich in sesqi-oxides with resultant P fixation to the tune of 90 -95 %.  

c. This is indicative of the high doses of applied P fertilizers which get fixed initially in the colloidal 

fraction of the soil and subsequently getting solubilised resulting in high P levels in soils.  

7. Secondary and micro nutrient status: 

a. Extensive deficiencies of secondary nutrients (Ca and Mg) and micro nutrient (boron) have been 

observed laterite soils.  

b. Application of liming materials such as dolomite, calcium carbonate and magnesium sulphate are 

recommended for alleviating deficiency of Ca and Mg.  

c. Application of copper sulphate, zinc sulphate and borax are recommended for correcting 

deficiencies. 
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Introduction 

Land Degradation is generally understood to be the reduction or loss of biological or economic productivity 

resulting in degrade the quality of soils, land utility, decreased yields, incomes, food security, and the loss 

of vital ecosystem services. 

Causes of Land Degradation 

Causes of land degradation involve two interlocking, complex systems: the natural ecosystem and the 

human social system. Causes of land degradation are not only biophysical, but also socioeconomic (e.g. land 

tenure, marketing, institutional support, income and human health) and political (e.g. incentives and 

political stability). Land degradation largely related to agricultural uses which include:  

1. Land clearance, such as clear cutting and deforestation: Deforestation is taking place at a faster 

rate due to increasing demands of timber, fuel and forest products which results into degradation of land 

resources.  

2. Agricultural depletion of soil nutrients through poor farming practices: The modern 

agricultural practises, excessive use of fertilizers and pesticides has adversely degraded the natural quality 

and fertility of the cultivation land.  

3. Livestock overgrazing: Overgrazing refers to excessive eating of grasses and other green plants by 

cattle. It results into reduced growth of vegetation, reduced diversity of plant species, excessive growth of 

unwanted plant species, soil erosion, and degradation of land due to cattle movement. 

4. Deforestation: Removal of natural vegetation (for firewood, commercial logging, industrialization or 

farming and settlements). Deforestation of unsuitable land like steeply sloping, shallow or easily erodible 

soils where the clearance is not followed by good management may cause water erosion in steeply sloping 

humid environments. Overcutting of vegetation occurs when people cut forests, woodlands and shrub lands 

to obtain timber, fuel wood and other products at a pace exceeding the rate of natural re growth. This is 

frequent in semi-arid environments, where fuel wood shortages are often severe. 

5. Shifting cultivation: It is an indigenous and sustainable form of land use at past time when low 

population densities allow forest fallow periods of sufficient length to restore soil properties. It is mainly 

practised in hill areas of northeast India. It involves burning and cutting of small plots of forests for 

cultivation and followed by shifting to new areas when nutrient status gets depleted in former plots. Now 

due to increased food demand there is shortening of fallow period and insufficient time for soil regeneration 

to replenish nutrients that in turn causes soil erosion.  

6. Inappropriate irrigation. 

7. Urban sprawl and commercial development. 

8. Soil contamination.  

9. Quarrying of stone, sand, ore and minerals and over mining destabilizing the local ecosystem.  

10. Exposure of naked soil after harvesting by heavy equipment. 

11. Monoculture and intensive tillage: Monoculture is a type of intensive farming and harvesting two 

or three crops annually which in turn depletes soil with single nutrient. It reduces soil microbial diversity 

aiding biological degradation of soil, declining level of nutrients, builds up of crop pathogens and decline in 

soil health and quality over long run as it devoid of crop rotation.  Intensive Tillage makes soil loose, bare 

and more prone to erosion. Hence inappropriate farming practices destabilizes the local ecosystem. 
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12. Dumping of non-biodegradable trash, such as plastics. 

Conclusion 

Land degradation or top soil loss removes nutrients from the field through runoff and subsurface lateral 

flow towards streams and rivers, and by leaching to groundwater and pollute water. Land degradation also 

causes deposition of sediment. Sediment is one of the major pollutants. In India the situation is still worse, 

since the sediment load from agricultural lands not only continues unabated, but is also on the increase 

due to the fast rate of our developmental activities. If erosion continues unchecked at its present rate, we 

shall be left with the reclamation of soil rather than its conservation and management. 
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Introduction 

Soils flooded during the formation of reservoirs are relatively rich in nutrients, phytoplanktonic 

productivity is high. Although nutrients tend to decline during several years following flooding, usually 

nutrient loading from the drainage basin is adequate to maintain moderate to high primary production. 

Fluctuating water levels can alter severely the habitat and survival of invertebrates of reservoirs. Macro 

vegetation, particularly submersed vegetation, does not survive well under marked fluctuations of water 

level. As a result, major habitat for invertebrates is almost completely eliminated from many reservoirs. 

Changes in water level can also expose sediments to freezing conditions, and sandy sediments are more 

susceptible to freezing in winter than are organic-rich and stony detrital sediments. Such freezing of the 

sediments can eliminate over three-quarters of the invertebrate fauna from the exposed sediments. 

Sediment accumulation increases markedly from the riverine erosive habitat to greatly enlarged (10- to 20-

fold) depositional, organic-rich sediment that is readily colonized by highly productive aquatic macrophytes 

and periphyton. Increased nutrient loads are leached from the inundated surrounding land, in a manner 

similar to the well-known increased nutrient loading and productivity that follows periodic drawdown and 

desiccation of sediments of reservoirs. 

Effects of Flooding 

1. The poor soil aeration in flooded soils is accompanied by a number of soil and plant changes that 

adversely influence crop growth and drastically affects the yield. 

2. Alterations in soil structure include breakdown of aggregates, deflocculation of clay, and destruction of 

cementing agents. 

3. Flooding also reduces the soil redox potential, increases the pH of acid soils (largely because of a change 

of Fe3+ to Fe2+), and decreases the pH of alkaline soils (mainly because of CO2 accumulation which 

eventually forms H2CO3). 

4. Soil inundation also decreases the rate of decomposition of organic matter sometimes by as much as half. 

Whereas the organic matter in unflooded soil is decomposed by a variety of aerobic organisms (including 

bacteria, fungi, and soil fauna), decomposition in flooded soil is accomplished only by anaerobic bacteria. 

5. A variety of toxic compounds accumulate in flooded soils. Some of these (e.g., ethanol, acetaldehyde, and 

cyanogenic compounds) are produced by the roots. Compounds produced by anaerobic bacteria in flooded 

soil include gases (N2, CO2, methane, and hydrogen), hydrocarbons, alcohols, carbonyls, volatile fatty acids, 

non-volatile acids, phenolic acids, and volatile S compounds. 

6. Flooding injury has been linked to altered respiration, with several possible causes of injury. Some 

investigators claimed that the end products of glycolysis (e.g., CO2, ethanol, and/or lactic acid) accumulated 

to toxic levels in flooded tissues. Still another view is that energy consumption through utilization of ATP 

exceeds the capacity of glycolysis to synthesize ATP. Hence, the energy charge of flooded tissues decreases 

to levels that do not maintain metabolic control. 

7. In some plants the harmful effects of flooding are linked to blocking of water transport. Bubbling of CO2 

through a nutrient solution in which Euphorbia roots were immersed induced wilting and stem 

degradation. Wilting was attributed to reduced water transport associated with occlusion of vessels by 

protoplasm from collapsed adjacent parenchyma cells. 
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Management Strategies 

1. Proper drainage. 

2. Correction of soil pH: i.e., Application of lime. 

3. Growing tolerant crops. 

4. Correction of nutrient deficiencies and toxicities especially Fe and Al toxicity. 
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Colour is an optical phenomenon perceived by our eyes. Human eyes can perceive the visible range of 

electromagnetic radiation (EMR) consisting of various colours ranging from red to blue. Combination of all 

colours result in white (light) and absence of all colours is perceived as black. Colour of an object is due to 

absorption of certain wavelengths of the visible spectrum (light) and reflection of the others. The 

combination of different reflected wavelengths of the EMR produce different colours. 

Soil also absorbs certain wavelengths of the EMR and reflects the other. Soil colour is due to the reflection 

of EMR by different soil constituents like minerals, organic matter, water, salts, etc. Soil colour helps in 

classification & description of soils, identification of soil properties and in dealing with development of soils 

based on parent material and soil forming processes. 

Types 

Lithochromic: Soil colour, which is inherited from the parent material. Eg: Red soils from red sandstone. 

Pedochromic/Acquired/Genetic: Soil colour, which is developed due to soil forming processes. 

Determination 

Soil colour can be determined by using Munsell Colour Chart which has 5 primary colours and 199 coloured 

chips. Each colour chip has 3 parameters which are known as soil colour notations or munsellcolour 

notations. They are: 

Hue: It refers to dominant spectral colour (wavelength of light). There are 3 hues (red, yellowish red, 

yellow). Hue ranges from 0 to 10 where 0 indicates absolute red and 10 indicates absolute yellow. 

Value: It refers to the lightness or darkness of colour (amount of reflected light). Value ranges from 0 to 

10 where 0 indicates absolute black and 10 indicates absolute white. 

Chroma: It refers to the strength or purity of colour (intensity). Chroma ranges from 0 to 8. 

Factors Influencing Soil Colour 

Organic matter: Organic matter rich soils are darker (black to dark brown) in colour. 

Minerals: Red, yellow and brown colour of the soil is due to haematite, goethite and maghemite 

respectively. The black colour of the soil may be due to the presence of titaniferous magnetite and 

manganese oxide and green colour may be due to glauconite. Silica, lime and salts imparts white or light 

colour to the soil. 

Alternate wetting and drying: Due to the presence of Fe and Mn compounds, the soil may appear 

variegated or mottled (occurrence of two or more colours in patches). 

Oxidation and reduction: Well-aerated soils are yellowish, reddish & brownish in colour. Soils, which 

are under anaerobic condition, undergoes reduction and appear as bluish and greenish colour due to the 

presence of ferrous compounds. 

Soil moisture: Moist soils absorb more colour and hence darker. 

Significance of Soil Colour 

1. It helps in easy identification of horizons in soil profile and diagnostic horizons. 

2. It directly influences soil temperature (dark-coloured soils absorb more heat than light-coloured soils). 

3. It is an indicator of soil moisture regime. 

4. It is an indicator of drainage status of soil (well-drained soils have high chroma colours and poorly 

drained soils have low chroma colours). 
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Introduction 

Land degradation assessment by remote sensing is carried out bases on the spectral reflectance of the 

surface soils. Degraded soils exhibit distinct spectral reflectance that are different from normal soils. This 

helps identification degraded soils easily from normal soil with remote sensing approaches. Eroded soils 

reflect more in the visible and NIR region. Saline soil exhibits bright white reflectance during summer but 

which is absent in monsoon season. Acid soil produces slight yellowish orange tone owing to higher iron 

content in soil samples. Surface ponding can be identified by the blue tone in imageries in different seasonal 

images continuously. Mining areas can be identified by the presence of blue tone in monsoon images (as 

similar to ponds) owing to stagnation of water during monsoon season. This can be confirmed by the 

landform and related information.  

Sodic and calcareous soil do not produce distinct reflectance and hence it is difficult to delineate this 

degradation while visual interpretation. These soils are usually delineated with the help of previous soil 

maps and further ground truth verification. The factors such as vegetation cover, management, tillage 

practices, etc. alters the reflectance value of the soil thus by hinders mapping degrade land precisely. 

Procedures 

Study area map and multi-seasonal satellite imageries of summer, monsoon and post monsoon season is 

essential requirement for assessing degraded lands. Degraded lands exhibit different colour/tone in 

satellite imageries and hence comparing multi-seasonal image is must. Multi seasonal data helps to 

identify the non- vegetated areas, agricultural areas and saline soils clearly as it compares the different 

seasonal images of the study area.  

In addition to this, ancillary information such as topographical map, vegetation map, previous soil map, 

climatic map is also required to arrive concrete conclusion on degradation.  

First prepare the study area vector map. Then multi seasonal images need to be visually interpreted on-

screen by considering Survey of India toposheets, soil map, physiography map, land use / land cover map 

and waste land map available at specific scale (not more than 1:50,000 scale). The various degraded lands 

are delineated through this visual interpretation and preliminary map is generated suitably. 
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Field Service to be carried out towards confirmation the interpretation through ground verification. Soil 

samples are to be collected from the respective ground truth points information such as location, landform, 

current land use, cropping pattern, source of irrigation etc. is also observed. Physical degradation can be 

directly confirmed throw field observation. 

The collected soil samples were analysed in the laboratory with respected to chemical properties. Based on 

chemical characterization, chemical degradation is confirmed. Further the severity or degree of 

Degradation is able to assess from the laboratory analysis which is not possible with visual interpretation 

of satellite imageries alone.  

The information gathered through ground truth survey and soil analysis is transferred to the initial 

interpretation map. From this transferred information, final degradation map is to generated using 

suitable colour coding process at specific scales.  

Mapping of sodality, calcareousness, subsurface ponding and industrial effluent affected areas is not 

possible only with satellite data interpretation. It can be found out through more ground truth data along 

with soil analysis. Assessment of land degradation in small patches is relatively difficult. But this can be 

overcome by using high resolution satellite data.  

Geodatabase on land degradation is very useful for planning conservation and rehabilitation of natural 

resources in the context of food security and environmental safety.  

In Remote Sensing studies, Normalized Differential Vegetation Index (NDVI) is widely used for assessing 

vegetation cover. Landsat TM/ETM imageries are useful for this analysis. NOAA AVHRR data is useful for 

study on dry land areas using NDVI. Analysis such as linear regression analysis, distributed lag models, 

multiple stepwise regression and dynamic factor analysis is useful in land degradation assessment Global 

Land Degradation Information System (GLADIS) provides information on land degradation with your 

spatial resolution of 8 km x 8 km. 
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Introduction 

Soil erosion is defined as the detachment and transportation of soil mass from one place to another through 

the action of wind, water in motion or by the beating action of rain drops. Erosion increases when soil 

remains bare or without vegetation. In India about 86.9% soil erosion is caused by water and 17.7% soil 

erosion is caused by wind. Out of the total 173.6 M ha of total degraded land in India, soil erosion by wind 

and water accounts for 144.1 Mha (Govt. of India, 1990). In India about 5334 million tonnes (16.35 

tonnes/ha/year) of soil is being eroded annually due to agriculture and associated activities and 29% of the 

eroded materials are permanently lost into the sea.  

Best Management Practices 

That are used to control erosion factors of both wind and water are: 

1. Crop rotation: improves the overall efficiency of nitrogen uptake and utilization in the soil. If certain 

cover crops are planted in the winter, erosion and runoff is prevented when the ground thaws, and nutrients 

are trapped in the soil and released to the spring crops.  

2. Contour cultivation: On gently sloping land, a special tillage practice carried out on the contour of the 

field can reduce the velocity of overland flow. Contour cultivation should not be carried out on steep slopes 

because it will merely make the erosion situation worse.  

3. Strip cropping: It is a technique in which alternate strips of different crops are planted in the same 

field. There are three main types: contour strip cropping, field strip cropping, and buffer strip cropping. If 

the strips are planted along the contour, water damage can be minimized; in dry regions, if the strips are 

planted crosswise to the contour, wind damage is also minimized.  

4. Terraces: Constructing bench-like channels is otherwise known as terraces, enables water to be stored 

temporarily on slopes to allow sediment deposition and water infiltration. There are three types of terraces: 

bench terraces, contour terraces, and parallel terraces. It will control erosion in wetter areas by reducing 

the length of the slope.  

5. Grassed Waterways: They force storm runoff water to flow down the center of an established grass 

strip and can carry very large quantities of storm water across a field without erosion. Grass waterways 

are also used as filters to remove sediment, but may sometimes lose their effectiveness when too much 

sediment builds up in the waterways. To prevent this, it is important that crop residues, buffer strips, and 

other erosion control practices and structures be used along with grass waterways for maximum 

effectiveness.  

6. Diversion structures: These are channels that are constructed across slopes that cause water to flow 

to a desired outlet. They are similar to grass waterways and are used most often for gully control.  

7. Drop structures: Are small dams used to stabilize steep waterways and other channels. They can 

handle large amounts of runoff water and are effective where falls are less than 2.5 meters  

8. Riparian strips: These are merely buffer strips of grass, shrubbery, plants, and other vegetation that 

grow on the banks of rivers and streams and areas with water conservation problems. The strips slow 

runoff and catch sediment. In shallow water flow, they can reduce sediment and the nutrients and 

herbicides attached to it by 30% to 50%.  
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9. No-till planting: This planting system prepares a seedbed 2 inches wide or less, leaving most of the 

surface undisturbed and still covered with crop residues. The result is a wetter, colder environment that 

protects the seed and soil with its insulating effect of the surface residue.  

10. Strip Rotary: Tillage A strip four to eight inches wide and two to four inches deep is prepared by a 

rotary tiller, while the rest of the soil is left undisturbed. The soil is conserved because of the crop residues 

between the tillage strips  

11. Till Planting: This plowing technique sweeps the crop residues into the area between the rows of 

crops. Soil density between these rows remains relatively high because of the absence of tillage. This soil 

is difficult for raindrops to detach and runoff to move.  

12. Annual Ridges: Also known as permanent ridges or ridge tillage, the annual ridges are formed by 

using a rolling disk bedder, and planting is done after only minor spring seedbed preparation. The extent 

of soil conservation depends on the amount of residue left and the row direction. Planting on the contour 

plus increased surface residues greatly reduce soil loss.  

13. Chiseling: This system does not turn the soil over, but rather leaves it rough and cloddy with plenty 

of crop residue remaining. The soil density and amount of covering depends on the depth, size, shape, 

spacing, and so on of the chisel blades. The residue and rough, cloddy surface of the soil reduces raindrops 

impact and reduces runoff velocities thus reducing erosion.  

14. Disking: This system pulverizes the soil and gives great soil density The effect is similar to that of 

chiseling with results also depending on the depth, size, spacing, and so on of the disk blades. The deeper 

the disking, the fewer the residues that remain on the surface. 
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Introduction 

Value-added fertilizer is a synergistic fertilizer composition applied to agricultural crops to increase yields 

with reduced fertilizer use. Compared with traditional fertilizers, value-added fertilizers have additional 

nutrients such as humic acids, amino acids, alginic acid, proteoglycans and other natural substances.  

Value-added fertilizer has no secondary processing, the process of manufacture is simple, low cost, do not 

corrode equipment, environmental safety and the effect is stable.  

Methods of Developing Value-Added Fertilizers 

1. Modified-release method: Represents addition of slow-release polymers and other sparingly soluble 

synthetic forms to enhance the efficiency. 

2. Stabilization Act: Refers to the addition of urease inhibitors and digestion inhibitors to stabilize the 

fertilizer and enhance the efficiency.  

3. Synergist law: Refers to addition of biologically active substances and nitrogen synergists such as 

alginic acid, humic acid etc. 

Value Added Organic Fertilizers 

1. Poultry manure and biosolids: The value-added organic fertilizers maximize the sustainability and 

farmers income by reducing the cost of production. Value-added granulated organic fertilizers are produced 

from poultry litter and biosolids using agglomeration techniques. The granulated organic fertilizer includes 

biosolids, a nitrification inhibitor, such as dicyandiamide, and a binding agent, such as lignosulfonate, urea 

formaldehyde, or water. The nitrogen concentration of the granulated organic fertilizer is increased by 

fortifying with urea. The poultry litter and biosolids formulated into the granulated organic fertilizer aid 

in flowability, storage, and spreading, while value-added plant nutrient ingredients provide an 

environmentally safer fertilizer than fresh poultry litter, municipal biosolids etc., commonly used in urban 

and agricultural systems. The nitrification inhibitor reduces nitrogen losses via leaching and 

denitrification.  

2.  Phosphorus enriched FYM: Farmyard manure enriched with Single Super Phosphate is a common 

value-added organic fertilizer. Superphosphate required for one hectare of a crop is treated with 750 kg of 

FYM and incubated for 30 days. Enriched FYM helps in preventing the fixation losses of phosphorus.  

3. Zinc enriched FYM: Micronutrients help in preventing the fixation loss of nutrients thereby enhancing 

their use efficiency.  

4. Vermicompost enriched with biofertilizers: Azospirillum and Phosphobacteria @ 1 kg per tonne of 

the compost help in enhancing the nutritional value of the compost. 

Advantages 

1. It supplies the plant available nutrients in adequate amount and in proper proportion, leads to the 

balanced application as it supplies not only primary nutrients but also secondary and micro nutrients and 

the particular texture ensures uniform distribution of nutrients.  

2. Enhanced nutrient use efficiency  
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3. As the micronutrients are also added with the granulated NPK fertilizer the plants can absorb the 

micronutrient along with macronutrient which prevents nutrient deficiency in plant.  

4. Uniform distribution of nutrients.  

5. Increased crop yields  

6. Labour saving  

7. Improve soil fertility hence are environmentally friendly and thus improve soil health. 
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Introduction 

1. India ranks No.1 in the world for number of cardiac patients, with 10% of the population being affected. 

2. WHO expects heart disease to be the single greatest killer in India 

3. One in six people with diabetes in world are from Indian. 

4. Along with this exponential growth in non-communicable diseases/ life style diseases consumer 

awareness towards healthy eating is also increasing. 

5. Primary requisite for avoiding many non-communicable diseases to maintain good glycemic and lipid 

controls. 

6. Many functional foods have hypo glycemic and hypo lipidemic properties. 

7. One among them is phytosterols.  

8. Plant sterols, constituents found in plants that chemically resemble cholesterol, are arguably the best-

defined nutraceutical approach to reducing blood cholesterol concentrations.  

9. Plant sterols have a long-standing history as effective cholesterol-lowering agents with the first reported 

animal and clinical interventions occurring in the early 1950s.  

10. Early sterol formulations used in these initial investigations were in a crystalline, esterified form that 

were characterized by low water solubility and often required high doses to effectively lower plasma 

cholesterol.  

11. For instance, Cytellin, the first available plant sterol-based cholesterol-lowering pharmaceutical, was 

effective in reducing plasma cholesterol, but required high doses, 6–18 g day−1. Technological advances 

that converted plant sterols from less-soluble crystalline powders to highly soluble emulsions were soon 

developed.  

12. These highly soluble emulsions could be incorporated into a wide variety of food formats that exhibited 

effective cholesterol-reducing potential at significantly lower plant sterol doses, in the range of 1–2 g day−1.  

What are Phytosterols? 

1. Under harsh conditions (high temperature i.e., >100˚C and in the presence of oxygen) oxidation of 

phytosterols can take place.  

2. Microbiologically inert.   

3. Stable over wide pH range 

4. Naturally occur only in plant 

5. Phytosterols (200types) are a group of steroid alcohols and esters  

6. They are soluble only in alcohol  

7. Phytosterol has two classes: sterols (unsaturated) and stanols (saturated).  

8. They act as hormones in plants to help in adaptation to different temperatures. 

How is it Different from Cholesterol? 

Phytosterols, which include plant sterols and stanols, are steroid compounds that occur in plants and are 

similar to cholesterol but vary only in carbon side chains and/or presence or absence of a double bond, and 

may lower blood cholesterol levels. Thus, phytosterols are considered as plant cholesterols; for they are 

plant-derived lipid compounds that are similar in structure and functions to cholesterol.  



 

 
Volume 3 - Issue 12 - December 2021       169 | P a g e  
 

1. Plant cholesterols are naturally-occurring in the parts of all plants and they may promote the health of 

man and animals when consumed regularly for a reasonable period either in natural foods or in enriched 

food supplements. 

2. Synthesized by plants 

3. Maintains plant temperature 

4. Lowers LDL 

5. Daily intake:1-2 grams. 

Classification 

 

Phytosterols has two classes: Phytosterols have been classified into two: 

1. Sterols, which have a double bond in the sterol ring, so are unsaturated compounds. 

2. Stanols, which lack a double bond in the sterol ring, so are saturated molecule. The most abundant 

sterols in plants and human diets are sitosterols and campesterols. Stanols are also present in plants, but 

they form only 10% of total dietary phytosterols. 

Dietary Sources 

1. The richest naturally–occurring sources of phytosterols are vegetable oils & their products 

2. They can be present in the free form and as esters of fatty acid/cinnamic acid or as glycosides. The bound 

form is usually hydrolyzed in the small intestine by pancreatic enzymes. 

3. Nuts, which are rich in phytosterols, are often eaten in smaller amounts, but can significantly contribute 

to total phytosterol intake. Cereal products, vegetables, fruits and berries, which are not as rich in 

phytosterols, may also be significant sources of phytosterols due to their higher intakes. 

4. Thus, phytosterols are mainly found in vegetables oils but smaller amounts are also present in nuts, 

legumes, grains, cereals, wood pulp and leaves. It was reported that phytosterols are found in all plant 

foods but the highest concentrations are found in unrefined plant oils, including vegetables, nuts and olive 

oils.  

5. Humans cannot synthesis phytosterols, therefore all phytosterols in human blood and tissues are derived 

from diet, whereas cholesterol in human blood and tissues is derived from the diet and endogenous 

cholesterols synthesis.  

6. Seeds, whole grains and legumes are also dietary sources of phytosterols. 

7. The bound form is usually hydrolyzed in the small intestines by pancreatic enzyme. 
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Big Concept 

1. Incorporated to foods to make them functional 

2. Popularity gained after canola oil- based maragrine, enriched by sitostenol ester was introduced 

commercially in Finland in 1995. 

Stability 

1. Under harsh conditions (high temperature i.e., >100˚C and in the presence of oxygen) oxidation of 

phytosterols can take place.  

2. Microbiologically inert.   

3. Stable over wide pH range. 

Metabolism of Phytosterols 

Plant sterols and dietary cholesterol are mainly absorbed in intestine, and Niemann-Pick C1-like 1 

(NPC1L1) transporter plays a vital role in the regulation of initial absorption. After absorption, sterols are 

esterified in support with ACAT and transported to the liver following the incorporation into chylomicrons. 

In contrast, un esterified sterols are pumped out by ABCG5/ABCG8 transporters, which are the major 

cholesterol and plant sterols transporters. 

 
Figure: 1 Metabolism of phytosterols 
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The plasma efflux of both plant sterols and cholesterol is regulated by ABCA1, which is involved in the 

assembling of HDL-like particles with the assimilated sterols. This transporter is also critically important 

in plant sterols and cholesterol efflux after delivering chylomicrons from enterocytes to liver cells. Plant 

sterols are capable of stimulating LXR receptors regulating APOE expression, which is essential for HDL 

and LDL assembly and uptake; and can be partially catalyzed by microsomal cytochromes. Binding with 

LXR receptors upregulates ABCG5/G8 transporters, and thus enhances cholesterol and plants sterols 

absorption. The exported HDL-like particles with the incorporated plant sterols are trapped by SR-IB 

receptors expressed on the liver and adrenal glands cell surface. This receptor plays a pivotal role in the 

uptake of cholesterol through HDL and, most importantly, for brain lipids metabolism, where HDL is the 

primary source of lipids and cholesterol uptake. 

Liver X receptor (LXR) is the primary positive regulator of these transporters, and mutations in either of 

these genes cause the condition of sitosterolemia, characterized by the accumulation of cholesterol and 

plant sterols in plasma and tissues. It has been found that only up to 2% of plant sterols enter the system, 

whereas the rest is pumped into the bile. 
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Introduction 

Crop management over the past few decades was driven by increasing use of external inputs and blanket 

fertilizer recommendations. Future gains in crop productivity and input-use efficiency will require soil and 

crop management technologies that are more knowledge intensive and tailored to the specific 

characteristics of individual fields (Dobermann and White, 1999; Pingali et al. 1998). Recent on-farm 

research demonstrated that large variability exists in soil nutrient supply, nutrient-use efficiency (NUE) 

and, crop response to nutrients among field to field (Donovan et al. 1999). Managing this variability has 

become major challenge for increasing crop productivity.  

Advances in technologies have combined with i) GPS, ii) computerized GIS capable of marking maps that 

integrate information about many soil properties and iii) Variable Input Rate Technologies that allow farm 

equipment to alter the rate of inputs delivery on the go. This combined technology is termed ads “SS 

Agriculture”, allows the farmer to make application of nutrient and other inputs more site specific than 

blanket recommendations. The SSNM is a general concept for optimizing the supply and demand of 

nutrients to their variation in time and space. Soil properties in one part of a farm field may differ markedly 

from another part of the same field, with each part requiring management systems quite different.  

Farmers always try to manage within-field variation by average condition and not site-specific that can 

hardly be made into reproducible management and failing to remove soil constraints in one area of the field 

while other area receiving excessive inputs that may lead to environmental contamination. 

Under SSNM approach, a large field is divided into cells in a grid pattern, each cell usually being about 

0.2-1.0 ha in area (called management zones). For instance, 15 separate geo-referenced soil samples (each 

having 15-20 soil cores) may be collected from a single 15-ha field. These soil samples can then be analyzed 

in labs for different soil properties. A computer program can then produce a map (shoving areas of low, 

medium and high nutrient levels/ clay contents and so on) of the spatial distribution of each soil property 

measured. Another map might show soil type, drainage class, weed density etc. fed into the computer to 

generate additional maps.  

A sophisticated computer program then integrates the information from these individual maps to create a 

new combined map showing different application rates (inputs) that are recommended for different parts 

of the field. For instance, areas mapped as testing low in P might be scheduled to receive higher-than-

average rate of P. Similarly, reduced rates of N might be mapped for areas of sandy soils with high leaching 

but low yield potential. The input spreader is also equipped with GPS receiver and associated computer 

sensors that track the spreader’s location/movement in a field. At harvest time, similar computerized 

satellite linkages are used to monitor yield differences in many parts of the field (i.e., yield maps). Just like 

fertilizers, SSM may be applied for insect-pest-disease control and pesticides application.  

SSNM - A Plant Need Based Systematic Hi-Tech Approach 

The SSNM provides an approach for need based ‘feeding’ of crops with nutrients. The salient features of 

SSNM as a viable approach are to bridge the yield gap and break the stagnation in productivity. Remember, 

the yield gap cannot be bridged by applying nutrients alone because several inputs and factors 

(management of irrigation water, weeds etc.) collectively raise the productivity level of a crop. The SSNM 

is a widely used term in all parts of the World, generally with reference to addressing nutrient differences 

which exist within fields, and making adjustments in nutrient application to match the location or soil 

differences. The term ‘site-specific’ probably comes from the late 1920’s in the USA, when scientists in the 

University of Illinois were providing recommendations on the application of lime to acidic soils. In the mid 
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to late 1980’s, the development of GIS and GPS technology, and the associated use of this in agriculture to 

map field variability, fostered the use of ‘site-specific management’ approaches in the developed world.  

In general recommendations, the whole field is treated in homogenous treatments while the variability is 

existing in heterogenous ways. Under SSNM, whole field is divided into small management zones (MZs) 

having similar characters and the inputs are applied as per the requirement of MZs (See figure below). 

Definition 

Optimizing the nutrient supply for individual sections of the field based on critical analysis and 

quantification of inherent spatial and temporal variation in the soil fertility and crop nutrient status. In 

general recommendation is assumed that the whole field conditions are same and the farmers apply same 

doze of inputs in the whole field. Under SSNM the whole field is divided into grid cells for critical analysis 

and then on the basis of reports, recommendations are made. The SSNM approach: 

1. Checks blanket recommendation to a desired field. 

2. Knowledge Intensive Approach. 

3. Systems Approach. 

4. Requires helps of Information and Communication Technologies. 

5. Provides management strategies for every season/field corner of the field. 

Tools Required in SSNM Technology 

Special equipment is not required for site-specific nutrient management. Identifying areas requiring 

specific management can be done with conventional soil testing and crop scouting techniques. Different 

fertilizer rates can be applied to different areas by staking or flagging them, and then spreading the 

different areas separately. Estimates of within-field distances to identify these areas can be documented 

by measuring, counting rows, pacing or other relative means. But there are technology tools available that 

expand the capabilities for using site-specific management more effectively. 

Most of the tools for Site-specific agriculture involve use of data collection or controller systems that utilize 

the global positioning system (GPS). Each set of data collected is associated with its specific geographic 

coordinates (latitude, longitude, and elevation). This allows the understanding of precise relationships 

among the different layers of data, the resulting yield data, and other measurements. These layers can 

then be analyzed to make recommendations for future decisions. 

GPS systems are used on planting equipment for collecting geo-referenced planting data, starter fertilizer 

application, and other inputs. With proper controllers, variable-rate application of inputs can be added to 

the management plan. Each of these steps can be added over time, increasing the value of the initial 

investment. 

As more advanced military-technology becomes available for public use and new technologies develop to 

support GPS, this tool will continue to become more valuable to farmers in implementing site-specific 

management. 

Site-specific management can be thought of as a series of layers of information about each field, as depicted 

in Figure below. Each time a measurement is made (soil tests, scouting reports, yield data, etc.), another 

layer of information is added. Over time, multiple layers of information are added and become part of the 

data base that can guide future crop management decisions. By geo-referencing each data point to its 

precise geographic location, these data layers can be "stacked" for analysis to determine the relationship 

between layers for any point in the field. For example, the relationship between nitrogen rate applied and 

yield obtained might be determined, and then its variability mapped as an additional "calculated" layer of 

information. 

Issues Related to SSNM in Developed & Developing Countries 

As listed in table given below revealed that in India, we require a big land holding with a defined 

Agriculture policy and technical persons to interpret the precision tools. 

Sr. No. Farming situation Developed Countries Developing countries 

1. Farm size Big Small 

2. Soil Fertility Monitoring High Low /Poor 
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3. Fertilizer Usage / policies High / defined Low / poor 

4. Yield levels High Low 

5. Profitability High Low 

6. Risks Low High 

7. Farm machinery High end Low end 

8. Precision farming techniques Complicated 

 RS, GIS, GPS 

Simple 

LCC, SSNM 

9. Relevant SSNM techniques Real-time & sensor 

based 

Discrete and Image based 

Constraints in Adoption of SSNM in India 

1. Climatic constraints which affect the management practices to be adopted in SSNM. 

2. Absence of a standing and uniform agricultural policy at government level. 

3. System weakness.  

4. Stereotypic experimental research in agronomy and poor on use of new tech tools. 

5. Perception of field as an object of scientific study rather than as a business unit. 

6. Research neither considers end user needs nor seeks stake holder participation. 

7. Lack of man power trained in information technologies and their proper interpretation. 

8. Institutional constraints. 

Probable Strategy to Adopt SSNM in India 

1. Farmer’s cooperatives and their training on SSNM 

2. Initiation of pilot projects on SSNM 

3. Effective extension personnel to expand the technology 

4. Combined effort of research institutes and government agencies 

5. Free help of public sector at initial stages. 

Future Scope of SSNM Technique 

The SSNM is a concept that can be applied to any field or any crop, while most often use of computer and 

satellite technology and does not require a large farming operation.Its future is bright to boost the farm 

yields but constraints like high cost of this technology, climatic variations, system weaknesses, institutional 

framework, lack of man power trained in IT and their proper interpretation repress its adoption 

strategy.There is unlimited scope of this technique as it increase agricultural productivity and generate 

healthy employment through: 

1. Intelligent Enterprise – helps in gathering and storing a lot off field information. 

2. In-Site YPM (Yield Potential Maps) –helps quantify number of fields yield variability. 

3. Sa-MZ (Satellite Derived Management Zone) – defines multi-year fields variability. 

4. In-Site VRN (Variable Rate Nutrient System) – helps to decide the type and amount of nutrient/fertilizer 

to be applied. 

Conclusion 

The SSNM is a concept that can be applied to any field or any crop, while most often use of computer and 

satellite technology and does not require a large farming operation. Soil surveys are both a science and an 

art by which many soil scientists apply their understanding. It combined with other powerful IT tools 

enables planners to make decisions. SSNM enhance input use efficiency of all factors and saves wastage of 

inputs, provides higher crop yields, maintaining food security will help sustain soil and environment health 

due to improved input use efficiency. 
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Introduction 

Global population is expected to reach more than nine billion by 2050 which will require an increase in 

agricultural production by 70% in order to fulfil the demand. Only about 10% of this increased production 

may come from availability of unused lands and rest of 90% should be fulfilled by intensification of current 

production. In this context, use of latest technological solutions to make farming more efficient, remains 

one of the greatest imperatives. 

Present strategies to intensify agricultural production require high energy inputs and market demands 

high quality food. The scarcity & increasing labor costs, raising cost of cultivation and crop failures 

associated with unpredictable yield due to diseases, failure in rainfall, climatic variations and loss of soil 

fertility, fluctuating market price in agriculture commodities etc., has made significant negative impact on 

the socio-economic status on this backbone population. 

On the other side the raise in population has created more demand on food grains resulting with inflation 

in agriculture commodity prices. Using artificial intelligence and internet of things we can develop smart 

farming practices to minimize loss of farmers and provide them with high yield. Using artificial intelligence 

platforms, one can gather large amount of data from government and public websites or real time 

monitoring of various data is also possible by using IoT (Internet of Things) and then can be analysed with 

accuracy to enable the farmers for addressing all the uncertain issues faced by farmers in the agriculture 

sector. 

By the 2050, the UN projects that two-thirds of the world’s population will live in urban areas, reducing 

the rural workforce. New technologies will be needed to ease the workload on farmers: Operations will be 

done remotely, processes will be automated, risks will be identified, and issues solved. In the future, a 

farmer’s skills will increasingly be a mix of technology and biology skills rather than pure agricultural. 

Internet of Things 

Internet of things, are the network of interconnected devices which transfer data without human 

intervention. The Internet of things (IoT) is the most efficient and important techniques for development 

of solutions to the problems. IoT evolve from different building blocks which includes lots of sensors, 

software’s, network components and other electronic devices. Also, it makes data more effective. A thing in 

the internet of things can be a person with a heart monitor implant, a farm animal with a biochip 

transponder, an automobile that has built-in sensors to alert the driver when tire pressure is low or any 

other natural or man-made object that can be assigned an IP address and is able to transfer data over a 

network. 

Artificial Intelligence 

Artificial intelligence, is the engine or the brain that will enable analytics and decision making from the 

data collected by IOT. Artificial intelligence (AI) is the simulation of human intelligence processes by 

machines, especially computer systems. These processes include learning (the acquisition of information 

and rules for using the information), reasoning (using rules to reach approximate or definite conclusions) 

and self-correction.  In this process an installed application guides farmers through the process of growing, 

sowing, harvesting and sale of produce. Artificial Intelligence is a program that can adapt itself to execute 

tasks in real time situations using cognitive processing as the human mind. Interestingly, it does not 

require constant supervision. AI can be categorized as either weak or strong. Weak AI, also known as 

narrow AI, is an AI system that is designed and trained for a particular task. Virtual personal assistants, 

such as Apple's Siri, are a form of weak AI. Strong AI, also known as artificial general intelligence, is an 

https://internetofthingsagenda.techtarget.com/definition/thing-in-the-Internet-of-Things
https://internetofthingsagenda.techtarget.com/definition/injectable-ID-chip-biochip-transponder
https://internetofthingsagenda.techtarget.com/definition/injectable-ID-chip-biochip-transponder
https://whatis.techtarget.com/definition/sensor
https://searchenterpriseai.techtarget.com/definition/narrow-AI-weak-AI
https://searchenterpriseai.techtarget.com/definition/artificial-general-intelligence-AGI
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AI system with generalized human cognitive abilities. When presented with an unfamiliar task, a strong 

AI system is able to find a solution without human intervention. 

Applications of Artificial Intelligence and Internet of Things in Agriculture 

Artificial Intelligence (AI) can be applied cross disciplinary and it can also bring a paradigm shift in how 

we see farming today. AI-powered solutions will not only enable farmers to do more with less, it will also 

improve quality and ensure faster go-to-market for crops. 

Today’s technology advancement in Artificial Intelligence, Big Data, IoT are becoming the major drivers 

for providing the Digital IT solution almost in all the fields and business sectors. Hence, it is proposed to 

make use of Digital solution aided with Artificial intelligence to uplift the habitat of the trampled farmer 

community while providing yet a new opportunity for business and entrepreneurs by enabling smart farm 

as a service. 

Weather forecasting: Agriculture and climate have depended on each other for ages. Any change in 

weather directly impacts farmers and crops across the country. To optimize yields, farmers must make pre-

season and in-season decisions based on what type of weather they expect. AI and IOT aims to develop 

specific monitoring systems to help improve crop yields and savings. This includes combining weather 

forecasts with drone and satellite imagery to aid in predicting and detecting pests and diseases so that 

corrective actions can be taken. This also helps farmers develop better strategies for pesticide use while 

reducing the environmental impact and lowering overall production costs.  

Disease detection: The domain of agriculture faces many challenges such as disease and pest infestation, 

improper soil treatment, inadequate drainage and irrigation, and many more. These leads to severe crop 

loss along with environmental hazards due to excessive use of chemicals. The field of artificial intelligence 

with its rigorous learning capabilities have become a key technique for solving different agriculture related 

problems. Pre-processing of image ensure the leaf images are segmented into areas like background, non-

diseased part and diseased part. The diseased part is then cropped and sends to remote labs for further 

diagnosis. It also helps in pest identification, nutrient deficiency recognition and more.   

Crop readiness identification: Images of different crops under white/UV-A light is captured to 

determine how ripe the green fruits are. Farmers can create different levels of readiness based on the 

crop/fruit category and add them into separate stacks before sending them to the market. 

Field management: Using high-definition images from airborne systems (drone or copters), real-time 

estimates can be made during cultivation period by creating a field map and identifying areas where crops 

require water, fertilizer or pesticides. This helps in resource optimization to a huge extent. 

Identification of Optimal Mix for Agronomic Products 

Based on multiple parameters like soil condition, weather forecast, type of seeds and infestation in a certain 

area and so on, cognitive solutions make recommendations to farmers on the best choice of crops and hybrid 

seeds. 

The recommendation can be further personalized based on the farm’s requirement, local conditions and 

data about successful farming in the past. External factors like marketplace trends, prices or consumer 

needs may also be factored into enable farmers take a well-informed decision. 

Health Monitoring of Crops 

Remote sensing techniques along with hyper spectral imaging and 3d laser scanning are essential to build 

crop metrics across thousands of acres. It has the potential to bring in a revolutionary change in terms of 

how farmlands are monitored by farmers both from time and effort perspective. This technology will also 

be used to monitor crops along their entire lifecycle including report generation in case of anomalies. 

Automation Techniques in Irrigation and Enabling Farmers 

In terms of human intensive processes in farming, irrigation is one such process. Machines trained on 

historical weather pattern, soil quality and kind of crops to be grown, can automate irrigation and increase 

overall yield. With close to 70% of the world’s fresh water being used in irrigation, automation can help 

farmers better manage their water problems. 
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Drone Based Technology 

One of the most promising areas is agriculture, where drones have the potential to address major 

challenges. Drone technology is giving agriculture a high-tech makeover. Here are six ways drones will be 

used throughout the crop cycle: 

Soil and field analysis: By producing precise 3-D maps for early soil analysis, drones can play a role in 

planning seed planting and gathering data for managing irrigation and nitrogen levels. 

Planting: Startups have created drone-planting systems that decrease planting costs by 85 percent. These 

systems shoot pods with seeds and nutrients into the soil, providing all the nutrients necessary for growing 

crops. 

Crop spraying: Drones can scan the ground, spraying in real time for even coverage. The result: aerial 

spraying is five times faster with drones than traditional machinery. 

Crop monitoring: Inefficient crop monitoring is a huge obstacle. With drones, time-series animations can 

show the development of a crop and reveal production inefficiencies, enabling better management. 

Irrigation: Sensor drones can identify which parts of a field are dry or need improvement. 

Health assessment: By scanning a crop using both visible and near-infrared light, drone-carried devices 

can help track changes in plants and indicate their health and alert farmers to disease. UAVs may one day 

consist of autonomous swarms of drones, collecting data and performing tasks. The biggest obstacle to that 

becoming a reality is sensors capable of collecting high-quality data and number crunching software that 

can make that high-tech dream a reality. 

Conclusions 

1. Water losses in field can be minimized through sensor-based irrigation scheduling. 

2. Soil water content and its quality can be measured accurately with sensor technology. 

3. Variable rate application of Nitrogen and herbicide can be done through drone technology, which avoids 

the indiscriminative use of inputs. 

4. Symptoms of diseases and pests in crops can be identified through robust deep-learning-based detectors. 

5. Hyperspectral imaging technology provides information about crop plant like height, dry matter and 

final yield. 

6. Need to improve the working efficiency of robotic harvesters, used in harvesting kiwifruits. 

Challenges 

1. Lack of familiarity.  

2. Farmers may feel apprehensive of trying something new. 

3. Not having access to reliable internet and connected services. 

4. Exposure of farming to external factors. 

5. Small and fragmented land holdings. 

6. Though spatial data can be gathered easily; temporal data is hard to get. 

7. Requires a significant amount of time to build a robust machine learning model. 

8. High cost. 

9. Flight time and flight Range in case of drones. 

Future Line of Work 

1. A low-cost solution. 

2. Low maintenance. 

3. Making new technology look like old technology. 

4. Ease of operation. 

5. Robust architecture. 
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ITK for Insect Pest Management 

Indian agriculture is at least 10,000 years old. Over millennia, farmers developed innumerable practices 

to successfully grow crops and raise animals in the highly diversified agro ecological regions of the Indian 

subcontinent. The last 170 years have brought in new techniques, some useful and some harmful. The 

development of Indigenous technical knowledge (ITK) systems, including management of natural 

environment, has been a matter of survival to the people who generated these systems long back. Most 

ITKs were based on the local availability of material and human resources to ensure minimal livelihoods 

for local people. However, with the pressing demands for higher yields to support the growing population 

a shift from the traditional farming system to intensive farming took place where application of synthetic 

pesticide has become a widely accepted method in pest control. Extensive use of high yielding varieties and 

agrochemicals like fertilizers and pesticides coupled with the multiple impacts of climate change has 

brought phenomenal changes in the crop – pest scenario.  

A majority of farmers in most developing countries are small-scale farmers and their knowledge systems 

have never been recorded systematically in written form; hence they are not easily accessible to agricultural 

researchers, extension workers, and development practitioners. However, novel efforts were made in the 

recent past in documentation of the ITKs in publications like “Honey Bee’’ “Inventory of Indigenous 

Technical Knowledge in Agriculture” – Document 2 with two supplements (a compilation of the Mission 

Mode Project of NATP on ‘Collection, Documentation and Validation of Indigenous Technical Knowledge 

published by ICAR, New Delhi during 2003) and “Explored Indigenous Technical Knowledge in Pest 

Management”. Most of the documented ITKs need validation before they could be recommended to the 

farming community.  

The Vrukshayurvedic texts also provide information on various traditional pest management practices 

using locally available resources. A plethora of literature is available on the role of cow urine against 

various insect pests. It has been demonstrated that botanicals fermented in cow products like cow dung 

and cow urine could enrich microbial cultures which helped in providing plant nutrients in addition to 

acting as pest repellents. In general, the ITKs are based on three categories viz., (a) Cultural practices, (b) 

Physical and mechanical methods and (c) Use of botanicals. 

Cultural Practices 

Generally cultural practices enhance the "below ground biodiversity" which concurrently contribute to 

"above ground biodiversity" and make the habitat more diverse for sustenance of natural enemies. 

However, some strategies to grow ground cover crop and windbreaks are required to reduce dust because 

dust can interfere with natural enemies and may cause outbreaks of pests such as spider mites. Similarly, 

there is a need to avoid excess fertilization and irrigation, which can cause phloem-feeding pests such as 

aphids to reproduce more rapidly than natural enemies. 

Physical or Mechanical Control 
It includes proper land preparation, hoeing, weeding, bagging of fruits, baits and traps, row covers, 

mulching, handpicking and pruning, etc. Among the above practices traps and baits can be indigenously 

prepared using locally available resource for better monitoring and control of insect pests. A few examples 

are cited below: 

Trapping red palm weevil (RPW) in coconut: The mid rib of coconut leaf is cut into small pieces and 

crushed, place it in an earthen pot either with 1 lit of water 100 g jaggery and 10 g tobacco powder or with 

sugarcane molasses 2½ kg or toddy 2½ litres acetic acid 5 ml yeast 5 g. Another pot with hole at its bottom 

is placed over it. This arrangement is made at 3-4 corners of the coconut orchard to attract and trap the 
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beetles. The mixture of jaggery, tobacco and water are to be added once in a month in case the former bait 

is chosen.  

Trapping sucking insect pests: Bright yellow sticky traps are used for monitoring/controlling aphids, 

thrips and whiteflies. While, bright blue traps can exclusively be used for monitoring thrips and bright 

white sticky traps for flea beetles. Set up sticky traps for monitoring whitefly, thrips etc. @ 10 traps per ha. 

Locally available empty tins can be painted yellow / coated with white Grease / Vaseline / Castor oil. Place 

traps near the plants, preferably 25 cm away from the plant to ensure that the leaves will not stick to the 

board, but not facing direct sunlight. Position the traps at 50-75 cm above the plants. 

Trapping moths: Mix 500ml of aloe extract 1 kg of castor cake and add latex as adhesive. Put this mixture 

in a wide opened disposable container. Place in strategic locations of the field @12 / ha. 

Other Mechanical Control Practices 

Attracting birds: Erection of bird perches @ 25/ha facilitates predation of larval stages of insects.  

Gundhi bugs in rice: Fix dead crabs, frogs or even pieces of jackfruit (Artocarpus heterophyllas) to bamboo 

sticks and place them in rice fields before milky stage. This will attract gundhi bugs and keep them busy 

till the dough stage is over. 

Use of Botanicals 

Botanicals are readily available than commercial products as they grow in the local environment. Reviving 

and modernizing age-old farmer practice through the optimization of ethnobotanicals has shown that 

farmers are more comfortable using plant materials than commercial synthetics and those botanicals can 

offer a similar level of control when certain guidelines are followed to their use.  

Marigold and chilli extract: Chop 500 g of whole plant and 10 hot chilli pods; Soak them overnight in 

15 liters of water. Dilute the filtrate with water at 1:2 ratios and add soap @ 1tsp per liter of extract. This 

controls most agricultural pests.  

Neem leaf extract: Pound 1kg neem leaves and place it in a pot with 2liters of water. Cover the mouth 

with cloth and leave it as such for 3 days. Dilute the extract at 1:9 with water and add 100 ml of soap before 

spraying. This controls aphids, grasshoppers, leaf hoppers, plant hoppers scales thrips weevils and beetles. 

Other Pest Control Formulations Based on ITK 

Fermented curd water: In some parts of central India fermented curd water (butter milk) is used for the 

management of white fly, jassids aphids etc. 

Cow milk: Cow’s milk was reported to acts as an excellent sticker and spreader due to presence of casein 

protein has excellent spreader and sticker property. It can be used @ 10% aqueous suspension for effectively 

controlling powdery mildew.  

Cow urine and dung: Cow urine diluted with water in ratio of 1:20 is not only effective in the 

management of pathogens and insects, but also acts as a growth promoter of crops. Cow urine have been 

found effective against mealy bugs, thrips and mites and against post flowering insect pests of cowpea.  

Botanicals fermented in cow urine/cow dung: The cow urine decoctions of botanicals have been 

reported as effective against the various insect pests without noticeable detrimental effect on their natural 

enemies. Cow urine 5% with neem seed kernel extract 5% and cow dung 5% showed anti-feedent and anti-

ovipositional effects against Helicoverpa armigera. Among 14 cow urine mixed botanical extracts tested 

Lantana camara Linn. and Vitex trifolia were reported effective against aphid, Lipaphis erysimi. Cow urine 

fermented karanj leaves (10%) / neem leaves (10%) were ideal in respect of marketable fruit yield (135.5-

141.7 q / ha) and benefit: cost ratio (38.20:1 – 42.68:1) despite of their ineffectiveness against the shoot and 

fruit borer in brinjal.  

Ash: A thick layer of ash is either spread on the soil around plants or sprinkled on foliage to protect it 

against a variety of pests. Besides acting as a physical poison ash on crop foliage interferes in the chemical 

signals emanating from the host plants thus obstructing the initial host location by pests. Ashes from burnt 

palm frond and bunches have been traditionally used in the eastern parts of Nigeria to dust the leaves of 
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okra to protect against leaf eating beetles, Podagrica spp. Application of ash @50kg/ha kerosene5% and 

spinosad 45SC generated maximum benefit cost ratio of 4.8:1in brinjal.  

Kerosene: It is readily available with the farmers and can be used with soap instantly to suppress the 

insect pests at the beginning of outbreak situation and subsequently the desired/recommended strategies 

may be followed. The use of Kerosene-soap-water emulsion has earlier been reported as a contact insecticide 

for piercing and sucking insects. Similarly, the usefulness of this emulsion against scale insects, bugs, 

mites, aphids and leaf miners. Kerosene exhibits phytotoxicity at higher concentrations and therefore, its 

use as foliar spray should be restricted up to 1 or 2%. Prepare a 4 lit. stock solution of soap kerosene mixture 

in the below given proportion; 3.5 lit. Water 48 g soap (1.2%) 500 ml kerosene (12.5%). Before spraying 

dilute 250 ml of this mixture with 4 liters of water. Oils may also repel some pests, but the problem of 

phytotoxicity cannot be ignored. Visible leaf damage, or more subtly reduction in yield could be possible. 

Bi-weekly oil applications reduced whitefly counts on tomato leaves by two thirds, but yield on the oil-

treated plants was also reduced compared to untreated plants. Five oil sprays controlled powdery mildew 

in grapes but reduced sugar levels.  

Indian farming, which is going through a transition phase, is slowly but surely adopting the ways and 

means of pest management for sustainable agriculture. Adoption of ITK based crop protection measures as 

an alternative to pesticides might help in restoring the biodiversity of natural enemies, but as IPM is a 

knowledge-based and farmer driven approach, education of farmers on alternatives to pesticides must be 

given a priority. 
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Maize is next to rice and wheat in terms of acreage and ranks second in terms of total production and 

productivity which accounts for approximately nine per cent of total food grain produced in India. Being a 

potential crop in India, maize occupies an important place as a source of human food (23 %), animal feed 

(12 %), poultry feed (51 %), industrial products mainly as starch (2 %) and 1 % each in brewery and seed 

(Parihar et al., 2011). Recently maize being grown for diverse uses and specialty purposes. Such maize for 

specialty and value-added purposes are collectively called “specialty corn”. Compared to field corns, 

specialty corns possess additional characteristic features (tender-ear, biochemical components relating to 

sweetness, protein, starch and popping traits). Their global spread, increasing demand and premium price 

make them an attractive option for the farmers in many countries including India. The major specialty 

corns which occupied significant portion in food shelves includes sweet corn, popcorn and baby corn.  

Sweet Corn 

Sweet corn (Zea mays saccharata) is genotypes with specific endosperm mutation like su and sh. In India, 

sweet corn green ears are being consumed by direct toasting on fire or boiled in water. Sweet corn kernels 

often have a wrinkled appearance resulting from a sugary gene which retards the normal conversion of 

sugar to starch during endosperm development. Kernel colors vary sometimes being mixed both white and 

yellow. The endosperm is composed of sweetish starch and characterized by translucent horny appearance 

during immature stage and after maturity the kernel becomes wrinkled. Sweet corn cob is harvested 

around 80-85 days after sowing (milky stage). It contains on an average 25- 30 % sugar; many sweet dishes 

such as halva, kadabu, crunch, salad, jam, pakoda and such other products can be prepared using sweet 

corn by combining with other ingredients. 

Table 3. Nutritive value of sweet corn: 

Nutrients Per 100g 

Energy (K cal) 86.0 

Carbohydrates (g) 18.70 

Protein (g) 3.27 

Fat (g) 1.35 

Fiber (g) 2.00 

Vitamin A (IU) 187.0 

Calcium (mg) 2.00 

Iron (mg) 0.52 

Zinc (mg) 0.46 

Pop Corn 

Popcorn (Zea mays var. everata) has small grains with hard outer layer. It has higher per cent of hard 

starch than flint corn. It is a popular snack throughout the world. Popcorn is used primarily for human 

consumption as a favorite nutritious snack food and is becoming more and more popular over time. Most of 

the popcorn is popped in home at domestic levels and the remaining is sold through retail outlets, fast food 

shops and also by confectionery industry (Yenagi et al., 2004). Popcorn is an extreme form of flint corn 

wherein there is a variation in the proportion of hard starch and soft endosperm. The moisture in the soft 

starch at the central portion of the endosperm on heating is converted to steam and when this steam tries 

to escape it is confined by the outer layers of hard endosperm. When the steam pressure increases the hard 

pericarp of the seed bursts into flakes leading to the phenomenon called popping. Its added feature of 

popcorn is the light, crunchy texture. The ground popcorn in the form of flour or grits can be used in the 
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preparation of many traditional dishes. Popcorns are usually consumed as a snack food with or without 

salt (regular), sweetened (caramel/chocolate corn) or butter like topping. Popcorn consumption has greatly 

increased in recent years because of the advent of microwavable   popcorn, the proliferation of flavored 

ready to eat products with good nutrition.   

Table 4. Nutritive value of popcorn: 

Popping is simple and economical processing technique which is traditional and may be adopted easily with 

improvement in nutritional quality. It is a high temperature short time (HTST) treatment which sterilizes 

product, gelatinizes its starch and develops a pleasant aroma to form a ready-to-eat food (RTE) at a very 

low processing cost. Popping process not only retains the actual nutritional profile of grains but also 

markedly enhances its protein digestibility, bio availability of iron and dietary fiber content due to the 

development of resistant starch. Popping also reduces some of the anti-nutrients viz., phytate, tannins, 

acid detergent fiber, lignin and cellulose.  

Popped Grain: Popping is done at a temperature of 180-2320 C is ideal for popping. Optimally the 

minimum moisture to preserve crispiness in popped grain should be less than 2 percent. Moisture also 

affects the texture of popcorn and hence must be consumed at moisture lower than 2 per cent (ideally 1.8-

1.7%). 

Types of Popcorn: Popcorn varieties are broadly categorized based on shape, colour of the kernels and 

shape of the popped corn. Kernels of maize will be of varied colors, but the popped corn is always off yellow 

or white as it is only the hull (pericarp) that is coated. “Rice” type popcorn has a long kernel pointed at 

both ends while “Pearl” type kernels are rounded at the top. Commercial popcorn production has moved 

mostly to 'pearl' types. Traditionally pearl popcorns were yellow and rice popcorns are white in colour.  

Normally popped kernels (flakes) found in two major shapes that are “Mushroom” flakes are more of ball 

shaped with few wings and “White Butterfly” flakes were having protruding wings Butterfly shaped 

popcorns are regarded as having better mouthful with greater tenderness and less noticeable hulls than 

the mushroom shaped popcorns. The mushroom flakes have higher bulk density than the butterfly and are 

generally preferred in the confectionary industry as they are less susceptible to breakage and easier to coat 

with flavors or syrups. Butterfly-shaped popcorn has a better mouth feel and is preferred for on-premises 

popping such as theaters. 

Popped grains are good in terms of energy, carbohydrate, fat, fiber, protein and iron. Since pop corns are 

prepared out of whole grains, which are rich in many components including dietary fiber, starch and fat. 

Most of these protective components are found in the germ and bran which are reduced in almost all the 

grains due to refining process. However, popping is one such technique of grain processing where in the 

germ and bran portions are retained and it is the simplest and most economical method of processing which 

imparts a pleasant aroma and flavor that can be enjoyed by all times. Apart from above advantages, 

popping of grains enhance the acceptability of cereals as well as millets. 

Popcorn is used primarily for human consumption as a favorite nutritious snack food and is becoming more 

and more popular over time. Most of the popcorn is popped in home at domestic levels and the remaining 

is sold through retail outlets, fast food shops and also by confectionery industry (Yenagi et al., 2004). Since 

popcorn and its products are cereal based snack foods and always been an important part of life and these 

products represent an important segment of the food industry worldwide especially in developing countries. 

Value addition to popped grains: ground popcorn as flour or various sized grits are utilized in the 

preparation of many traditional as well as fancied dishes including health mixes (sweet and savoury) spicy 

Nutrients Per 100g 

Energy (k cal) 382.0 

Carbohydrates (g) 78.0 

Dietary fiber (g) 15.0 

Fat (g) 4.0 

Protein(g) 12.0 

Thiamine (vit. B1) 0.2 mg 

Riboflavin (vit. B2) 0.3 mg 

Iron 2.7 mg 
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popcorn, sweetened popcorn, chocolate popcorn, iron rich popcorn pre mix, energy dense pre mix, fibre rich 

laddu, popcorn lolly pop and others. 

Baby Corn 

Baby corn (Zea mays L.) refers to the young cobs of maize harvested within 1-4 days of silk emergence. 

Baby corn is highly nutritive and its nutritional quality is at par or even superior to some of the seasonal 

vegetables. Besides protein, vitamins and iron, I t is one of the richest sources of phosphorus. It is a good 

source of fibrous protein and easy to digest. It is also free from the residual effects of pesticides as the young 

cobs are wrapped up within the husk and well protected from diseases, insects, fungicides and insecticides. 

Processing of Baby corn: Main processing methods which can be used to improve the shelf life of baby 

corn are canning, dehydration and freezing. 

Canning: The most common method used for processing of baby corns and is normally practiced by dipping 

corn in brain solution and can be stored for months together and transported to far off places. 

Dehydration: One of the oldest methods to increases the shelf life for longer period with less expenditure. 

Baby corn can be cut into round or 2 cm long pieces and dried in oven or solar dried. Dried baby corn can 

be packed in polythene pack/vacuum pack/tetra pack and can be stored for longer period. Dehydrated cobs 

can be rehydrated by soaking in water and can be used in preparation of food products. 

Freezing: Cobs can be frozen and stored for long period like other frozen vegetables. They can be used 

effectively for preparation of food products like salads, curry and soup preparations. Baby corn may be 

consumed raw or used as an ingredient in various preparations. Different value-added products such as 

manchurian, jam, pickle, pakoda, curry, salad, soups, halwa, canned corns etc. are few examples under 

wide range of value-added products. Baby corn candy, baby corn lollypop, brined baby corn, baby corn 

murabba, dehydrated baby corn, minimally processed baby corn and many more. 
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Food grains are a fine example of diversity of nature with many varieties and varied features. They are 

storable food commodities and lend themselves to numerous processing manipulations. Nutritionally food 

grains are rich source of almost all known nutrients and several phyto-chemicals. The increasing incidence 

of metabolic diseases are attributed to unbalanced energy rich diets lacking in fiber and protective bioactive 

compounds such as micronutrients and phyto-chemicals (Prakash, 2013). 

Cereals along with pulse combinations constitute an important part of human diet in many parts of the 

world because of easy availability, low cost, long shelf life and nutritional balance. During recent past, 

India has made significant progress in improving the food security of its masses. The green revolution of 

60’s helped the country in achieving the food security by improving the availability and access components. 

However, Surplus quantity of food produced is not uniformly distributed and the quality component is not 

addressed properly which has a direct impact on nutrition. In spite of surplus production of food grains still 

malnutrition persists due to malabsorption of consumed nutrients such as lactose intolerance, gluten 

intolerance and some other protein intolerances. Gluten allergy prevents people from absorbing nutrients 

from gluten-containing foods. 

As a result, gluten-free products which are rich in nutritional content, appealing and have a long shelf life 

are more readily embraced and trusted by customers. According to FDA, a gluten-free product is the one 

which contains less than 20 ppm of gluten. The cereals that are naturally considered gluten-free are rice, 

sorghum and maize (Giuberti et al., 2015). 

Even though country is producing variety of cereals, pulses and millets, utilization of produced grains to 

their fullest potential is not happening in our country which holds good for third largest produced grain 

maize also. 

The consumption of corn is very less in our country which may be due to lack of awareness regarding the 

nutritional benefits, method of processing, cooking and to some extent availability of other foods in refined 

and processed forms. However, owing to superiority of maize over rice and wheat due to its high fibre, 

phosphorus, beta carotene and free from gluten lends itself suitable for people who are allergic to gluten. 

Maize is next to rice and wheat in terms of acreage and ranks second in terms of total production and 

productivity which accounts for approximately nine per cent of total food grain produced in India. Being a 

potential crop in India, maize occupies an important place as a source of human food (23 %), animal feed 

(12 %), poultry feed (51 %), industrial products mainly as starch (2 %) and 1 % each in brewery and seed 

(Parihar et al., 2011). 

There are many products from maize that have been taken over by industry and manufactured and 

marketed at commercial scale. Several of these products already mentioned are now industrialized on a 

small or large scale. In USA over 1000 different items can be found on the shelves of a typical supermarket 

and they are derived wholly or partially from maize. These products include: tortillas, maize flours (masa) 

chips and several types of snacks, breakfast cereal, thickness, pastes, syrups, sweeteners, grits, maize oil, 

soft drinks, beer, whisky etc. 

Maize also known as corn, an important food grain in India, has many industrial and food applications 

apart from its use as a feed ingredient. It is rich in starch and bland to taste and hence lends itself as an 

ingredient in several traditional foods. Like other cereals, maize contains large proportion of carbohydrates 

(60-65%) and thus provides bulk of energy in the diets based on it. Apart from carbohydrates it is also a 

good source of protein (10-12%), fat (3.5-5.5%) and crude fiber (2.0-2.5 %). By virtue of its composition, it is 

quite comparable to rice and wheat in its nutritional value (Table 1).  
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Table 1. Nutritional quality of maize compared to rice and wheat (per 100g). 

Grain Carbohydrates 

(g) 

Protein 

(g) 

Fat 

(g) 

Crude 

fiber 

(g) 

Minerals 

(g) 

Calcium 

(mg) 

Phosphorus 

(mg) 

Iron 

(mg) 

Maize 66.2 11.4 4.6 2.7 1.5 10 348 2.3 

Rice 

(milled) 

77.6 6.8 0.5 0.2 0.7 10 100 0.7 

Wheat 71.2 11.8 1.5 1.2 1.5 41 306 5.3 

Processing and Consumption of Maize 

Maize is being processed in various ways in different parts of the world before consumption. However, the 

soaking and nixtamalization are the major pretreatments followed around the world. 

Nixtamalized Maize or Lime Treated or Alkali Treated Grain 

The nixtamalization consists of mixing one third part of whole maize with two third part of lime (calcium 

hydroxide) solution between 1 to 2 percent of concentration. In general, the cooking time may vary from 15 

to 45 minutes and the temperature of cooking is held above 680 C. The dried flour is the base for preparing 

several traditional products such as tortillas, tamales, etc (FAO, 2003). The dry flour is more stable against 

rancidity and the shelf life can be until one year in comparison with the whole kernel ground maize flour. 

 
Fig 1. Lime treatment of maize grains 

Nixtamalization or lime treatment has the following advantages: it facilitates the per carp removal, 

controls microbial activity, enhance water uptake, increases gelatinization of starch with improvement in 

nutritional value through an increased availability of niacin. The research conducted at AICRP (maize) 

Mandya centre, indicated that the lime treated maize flour can be kept up to three months in LDPE covers 

without affecting flavor and roti making quality (Shobha et al.,2014). 

 
   Maize 

                           ↓    After cleaning 

Soak 500g grains in 1% lime water for 5 minutes 

(10g of lime in 1 liter water) 

 ↓ 

Give heat treatment at simmering temperature for 30 minutes 

 ↓ 

Remove the vessel and leave it for overnight 

Wash 3 – 4 times to remove lime 

 ↓ 

Dry in sunlight 

(Moisture level should be 9-10 %) 

 ↓ 

Store in air tight container 
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The process of lime treatment and its advantages has been disseminated through training to maize 

growers, SHG’s and mill owners. The lime treated corn is being used in India for the preparation of various 

products such as dhokla, snack foods such as sev, muruku and laddu by suitably combing with pulse and 

other adjuncts. 

In India efforts are being made to intensify the production as well as the utilization of maize in order to 

alleviate pressing demand for rice and wheat. Grains can be processed into a number of products in dry 

milling process using mini grain mill such as grits, semolina (suji) and flour. These dry milled products are 

being used in numerous ways. 

The milling is carried out on roller mills using fluted rolls. The products are sifted on a plan sifter and are 

aspirated. The mill is divided into a break station, a series of germ and a series of reduction and quality 

rolls. The brake system releases the rest of the germ as well entire particles and cracks the large grits to 

produce grits of medium size. The finished grits, meal and flour product are dried to 12-14 per cent moisture 

content on a rotary steam tube driers prepared out of dry milled products such as suji (semolina) and flour. 

Quality Protein Maize (QPM) 

Quality Protein Maize (QPM) contains opaque-2 gene (o2) which makes it different form normal grains. 

The dull appearance of kernel and other undesirable characters have been overcome with the accumulation 

of genetic modifiers and extensive selection efforts carried out by scientists at CIMMYT in Mexico. The 

protein quality in QPM is much better than in normal maize. The “zein” fraction is reduced between 10 to 

13 per cent in QPM as against 39 per cent in normal maize. The nutritional and biological superiority of 

QPM has been demonstrated in the diets of infants, small children and adults, particularly women.  

Although maize contains higher proportion of protein (10-12 %) its quality is poor as compared to that of 

protein in rice due to presence of high concentration of alcohol soluble protein fraction ‘prolamine’ also 

known as ‘Zein’ in the endosperm. Zein is very low in some essential amino acids, mainly lysine and 

tryptophan which contribute more than 50 % of the total protein. On the other hand, very high amount of 

leucine & imbalanced proportion of isoleucine contribute to poor quality of protein in normal maize. 

To overcome such deficiencies, scientists developed Quality Protein Maize (QPM) where in the quality of 

protein is not only higher than the common maize, but also significantly higher than that of other cereal 

grains. Lysine and tryptophan in QPM genotypes were increased compared to the normal grain. The 

balanced proportion of all these essential amino acids in QPM has increased the protein quality and their 

biological value 

Table 5: Quality of essential amino acids in normal and QPM maize (mg/ 100 g protein): 

Name of the amino 

acids 

Normal maize Quality protein 

maize 

FAO / WHO 

Recommended level 

Isoleucine 3.77 3.10 4.00 

Leucine 10.60 6.62 7.00 

Sulphur containing 

aminoacids  

4.62 3.83 3.50 

Tryptophan 0.48 1.20 1.00 

Valine  5.02 5.46 5.00 

Threonine 4.00 4.62 4.00 

Lysine 2.73 4.92 5.50 

Quality Protein Maize (QPM) for Food and Nutritional Security 

QPM can be utilized for diversified purposes in food and nutritional security as infant food, health food/ 

mixes, convenience foods, specialty foods and emergency ration. The nutritious products developed from 

Quality Protein Maize can replace fancied and highly priced industrial foods with a diversified purposes 

under food and nutrition security as infant foods, health foods, convenience foods, specialty foods and 

emergency rations. It is also useful in fulfilling the protein requirements of different sections of the society 

to prevent malnutrition and gluten allergy. The increased consumption of maize will encourage and open 

up new avenues for processing and marketing by young generation of urban, rural, small and medium 

entrepreneurs as a gluten free alternative. 
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Introduction 

Interconnecting Plants and Urban Environment’s art and science is nothing but Urban Horticulture. For 

urban areas where there is less canopy, it encourages the growth of horticultural plants. Ornamental crops, 

horticultural plants, fruit plants, and other plants are included in this urban horticulture. This new concept 

has taken on a huge role in Concrete Jungles with the increase in pollution and temperature. We wrote 

about the benefits of urban horticulture earlier. 

Value of Urban Horticulture and Urban Gardening 

These are days of increasing demand and interest in this new concept. The magnitude of their situation 

has been understood by the people living in urban areas. The pollution, the rising temperature, makes the 

government take steps to support this Indian Urban Gardening. When Urban Horticulture continues to 

have the same range and significance, we may also see greenery in the cities and towns. Urban horticulture 

has many forms. In the section below, we presented the List of Urban Gardening in India. You can take a 

look at the details below. 

Types of Urban Horticulture 

Terrace Gardening: Terrace Gardening is nothing about growing vegetable and ornamental plants on 

the Terrace. In the towns, where individual families are showing a lot of interest, this type of terrace 

gardening is growing. Roof Gardening is also Terrace Gardening’s famous name. 

Vegetable Gardening: Another name for Vegetable Garden is Kitchen Garden and Backyard Gardening. 

This is just like the gardening of the terrace. The only difference is that you are going to grow plants in 

your backyard or any other available space. In addition, you’re not going to grow plants in Terrace in this 

style. 

Balcony Gardening: The City Apartments have very little space. Balcony Gardening grows on the 

balcony with plants. This will serve the purpose of leisure. Ornamental plants such as roses, vegetable 

plants such as tomatoes, etc. may grow. 

Green Parks: Green Parks is another part of this latest technology. We are all familiar with parks. But 

the number of parks in the cities is increasing these days. Therefore, to aspire for a better environment, we 

must bring them back. 

Guerilla Gardening: Growing plants are called Guerilla Gardening in the form of buses in areas that are 

of no interest. These are beneficial in growing the metropolitan area’s greenery. 

Allotment Gardens: The government is allowing some land just to start a garden. This is very helpful to 

increase the canopy in the urban areas. 

Community Gardens: This is pretty much similar to the Allotment Gardens. A huge piece of land is being 

used for this Allotment Gardens and they are growing vegetables and fruit crops. This Community Garden 

is being raised by both communities and NGOs. 

Reference 
Tine Marie waliczek , Jayne M.Zajicek.2016.Urban Horticulture. 
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Introduction 

Phenotyping is one of the major constraints in crop breeding, particularly when next-generation sequencing 

has optimized precision and decimates genotyping cost as high as 100-fold in the last few decades. In the 

tune, the optimization of phenotyping cost in the breeding program is much needed along with increased 

efficiency that renders breeders for alternative ways to achieve the objective (Akdemir and Isidro-Sánchez, 

2019). Marker assisted selection methods is found to be best with the few major effect genes in comparison 

to many small effect genes (Dekkers and Hospital, 2002). But, majority of complex traits including yield 

are controlled through the small effect genes, hence their exploitation is crucial for a successful crop 

breeding program. 

The two major limitations to MAS are: 

a. The mapping populations like biparental do not readily translate to breeding applications. 

b. Statistical methods used in QTL studies is inadequate for improvement of traits controlled by 

polygenes with small effect. 

Meuwissen et al. (2001) proposed genomic selection to breeding populations deploying high marker 

densities is thought to be a solution to these deficiencies. Genomic selection is a form of marker-assisted 

selection in which genetic markers covering the whole genome are used so that all quantitative trait loci 

(QTL) are in linkage disequilibrium with at least one marker. 

“Genomic selection” uses genotypic data sufficiently covering the whole genome to help in prediction of any 

trait with accuracy sufficient enough to allow the selection of that genotype on that prediction alone without 

any extensive field trials. The time span required for a 4-year breeding cycle can effectively minimized to 

just 4 months including crossing of the genotypes reducing budget and saving efforts (Lorenz et al., 2011). 

The genomic selection offers numerable advantages including rapid delivery of genetic gain, and effectively 

decreasing reliance on field or phenotypic evaluation (Grattapaglia and Resende, 2011). It also benefits in 

the estimation of both the additive genetic variance and the non-additive genetic variance, which improves 

the accuracy of prediction of breeding values (Zapata-Valenzuela et al., 2012). 

Practically, the accuracy of genomic selection directly depends mainly on four factors (Goddard, 2009): 

a. Linkage disequilibrium between marker and quantitative trait loci (QTL). 

b. Size of the training population from which the marker effects are estimated. 

c. The heritability of the trait. 

d. The distribution of QTL effects. 

The first two factors are under the control of the breeder and the other two are not (Goddard, 2009). While 

the trait heritability can be increased through experimental design and testing strategies but the defining 

genetic control will remain the same. The level of linkage disequilibrium can be improved by effectively 

reducing population size and increasing marker density (Zapata-Valenzuela et al., 2012). Contradictory, it 

can help in more recombination and a greater genetic diversity, which is desirable for long-term genetic 

gain. 

Procedure of Genomic Selection 

The Genomic selection utilizes two related populations: 

a. Training. 

b. Breeding method is based on two separates, but related, populations, viz., a training population 

and a breeding population (Heffner et al., 2009). 
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The training population is utilized for training of the GS model and for obtaining estimates of the marker-

associated effects needed for estimation of GEBVs of individuals/lines in the breeding population. While 

the breeding population is subjected to GS for achieving the desired improvement and isolation of superior 

lines for use as new varieties/parents of new improved hybrids. The generalized procedure is described 

below: (Singh and Singh, 2015): 

1. Create a suitable training population for the breeding population.  

2. Training population is genotyped for an evenly distributed large number of markers adequately covering 

the whole genome.  

3. Then lines/genotypes in the training population are extensively taken for phenotypic evaluation for the 

target trait(s) in replicated trials over locations and years.  

4. The obtained phenotype and marker genotype data worked out on individual lines/genotypes of training 

population are used for computing the GS model parameters; referred as model training. It is continuous 

process adding new marker data and traits helping to maintain the prediction accuracy of the model.  

5. Later on breeding population is subjected to the same set of markers that was used for estimation of the 

model parameters in the training population. But, here, there is no requirement for the phenotypic 

evaluation.  

6. The GEBVs (Genomic estimated breeding values) of individuals/lines of the breeding population are 

calculated from their marker genotype data and the marker- associated effects estimated from the training 

population. 

7. The estimated GEBVs help to identify the superior lines/genotypes from the breeding population. This 

GS procedure can be combined with an appropriate breeding scheme to achieve the desired objectives. 

Training population. 

 
1. Genotyping for a large number of markers evenly distributed over the entire genome. 

2. Replicated multilocation phenotypic evaluation. 

 
Genotype and phenotype data used for training of GS model. 

 
Breeding population. 

 
1. Genotyping for the same markers as in the training population. 

2. No phenotypic evaluation. 

 
1. Estimation of GEBVs for individuals/lines from the marker data. 

2. Selection on the basis of GEBV values. 

Advantages of Genomic Selection 

Marker assisted selection (MAS) has been extensively worked in various QTLs studies but implementation 

has been limited and increases in genetic gain have been small (Dekkers, 2004). The factors governing the 

additional gains from MAS (Goddard and Hayes, 2002) are: 

1. The accuracy of the existing estimated breeding values (EBV). If the accuracy is already high, there can 

be little gain. Consequently, gains are larger where traditional selection is most difficult.  

2. The proportion of the genetic variance explained by the DNA markers.  

3. The accuracy with which the effect of the marked quantitative trait loci (QTL) alleles is estimated.  

4. The ability to reduce the generation interval by selecting MAS and breeding at an earlier age than 

previously. 

Conclusion 

The baseline is that Genomic selection can help in reducing time for the breeding cycle at the same time 

maintaining the genetic diversity through use of densely distributed markers and increased the genetic 

gain which is near impossible with phenotypic selection. As the costs of marker technologies on the 

downward trajectory and the statistical methods are widely finding way into routine. Various reviews 

suggested that GS will play a pivotal role in the plant breeding for development of varieties/superior lines. 
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Introduction 

The recent advancements in artificial intelligence (AI) and machine learning have wide applications in 

plant pathology with sensors, drones, robots and intelligent monitoring systems. Computer vision-based 

phenotyping of plant stress, diagnostics and severity assessment of plant diseases have gained momentum 

in horticultural and field crops. Internet of things based on networking sensors for biomarkers of disease 

like volatile organic compounds are being used for early detection and prediction of plant diseases and host-

pathogen interaction studies. Smartphone based field diagnostics are gaining popularity across the world 

especially in the remote locations where the laboratory diagnostics of diseases is difficult. It is a perfect 

scenario when a farmer can Walk into the greenhouse wearing Augmented Reality glasses and the glass 

recognizes the stage of the plant, nutritional requirements and the degree of stress in the plant for him” 

and the automated plant health management system in his greenhouse takes care of the issues Prabha 

(2020). 

Machine Learning and Plant Pathology 

Development of robust robotic plant doctors depends on enough data and highly sensitive sensors. Plant 

disease diagnostics have advanced far ahead from symptomatology through microscopy and serology to 

molecular diagnostics. These advanced diagnostics are mostly destructive. The machine learning based 

diagnostics are mostly nondestructive and executable at field level. Machine learning technology belong to 

two groups: spectroscopic or imaging techniques and volatile organic compound sensors and IoT based 

techniques. Plant stress phenotyping using hyper spectral data interpretation through computer vision is 

most widely used in disease diagnostics. The optical properties of plants reflected from changes in 

physiology due to biotic stresses envisaged as change in plant phenotype like tissue colour change, leaf 

malformations, plant canopy change are assessed through computer vision within different regions of the 

electromagnetic spectrum Ramcharan et al. (2019). A large, verified dataset of images of diseased and 

healthy plants are required to develop accurate image classifiers for disease diagnosis. Earlier days, 

accessibility to such datasets was difficult Initiatives like Plant village enables access to huge datasets of 

disease symptoms today. Machine learning techniques such as artificial neural network (ANN), support 

vector machines (SVM), random forest, probabilistic neural network (PNN), neural network (CNN) are 

widely used for image classification. 
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Diagrammatic representation of AI enabled diagnostics of plant diseases. I—Computer vision and AI 

enabled identification of disease. II—Various IoTs like sensors are established to sense different soil, 

nutrient, physiological parameters of the plants. 

On Field Diagnosis 

Applications identifying diseases and advising disease management strategies are the order of the day, 

thanks to the larger penetration of smart phones into the population and machine vision technologies. 

Pocket Agronomist, is such a commercial iOS application that lets you diagnose plant diseases right in the 

field, anywhere in the world, using the live camera video of your phone or tablet. Another mobile crop 

advisory is “Plantix”, which diagnose plant diseases, pest damages and nutrient deficiencies and offers 

management measures which is available in multiple languages. Smartphones are widely used in 

community-based disease information dissemination and management. In case of fire blight of apple, 

Smartphone enables real-time reports from the field GPS tagged location for better management of disease 

in Norway (Rafoss et al. 2010). 

Disease Sniffing Robots 

A combination of internet of things is efficiently predicting the diseases early and calls for timely 

management interventions in sensor-based diagnostics. Majority of the AI based disease detection system 

are based on image or nonimage hyper-spectral data based. To reduce the challenges faced by computer 

vision based diagnostic systems, other parameters like metabolites released, volatiles or particular soil or 

weather condition is used to predict and detect the disease using a combination of sensors in network. 

Challenges 

1. Like any other plant pathogen detection techniques, the factors like sampling technique, sample size, 

duration of sample, prevailing weather, background noise, stage of the crop etc. 

2. In case of machine vision, use of larger dataset to cover many different scenarios is the option to nullify 

these issues. This poses another issue of huge amount of data to handle. 

3. Involvement of cost and management of huge data is critical in deep learning-based technologies. The 

cost of the technology will be reduced as its usage increases. 

4. In case of machine vision-based diagnostics, the variation in symptoms produced by same pathogen and 

same symptom produced by more than one pathogen is a major challenge. The interpretation system has 

to be standardized and validated to a stage that such errors can be minimized. 

5. The varying morphology of the plant architecture, shapes of foliages, canopy type and density determine 

the success of image-based diagnostics. 

6. On field management of robots is a difficult task compared to controlled environments, thus open field 

robotics are mainly concentrated on agronomic tasks. 

7. The most important concern with the computer vision technology is the development of symptoms to the 

level of detection happens only after the pathogen is established. In such cases delayed identification makes 

management difficult. 
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Agriculture plays an important role in the overall growth of the Indian economy. While the share of 

agriculture in GDP has declined sharply during the last five decades. The dependence of the rural workforce 

on agriculture for employment has not declined in the same proportion. This has widened income disparity 

between the agricultural and non-agricultural sectors. 

Further, as per agricultural census 2010-11 nearly 67% of farmers are marginal having less than 1ha of 

land holding and nearly 17% of farmers are small having 1-2 ha of land holding in India (Government of 

India). The need to focus on farmers’ incomes stems from the fact that a very large proportion of farming 

households in most of the central and eastern states (23%–45%) live below the poverty line (BPL), higher 

than the national average (22.5%). 

The proportion of BPL farming households (17.5%–22.5%), even in some of the so-called agriculturally 

progressive states, such as Gujarat, Karnataka, Maharashtra, and Tamil Nadu, is close to the national 

average (Sukhpal, 2018). Further, the gap between farm and non-farm incomes has grown over the decades, 

from a ratio of 1:3 in the mid-1980s to 1:4.08 in the middle of last decade, and 1:3.12 in 2011–12 (Chand, 

2017).  

In this background, Government of India has set the target of doubling farmers income by 2022. Several 

initiatives were kept in force in order to achieve set target and some of them area soil health card, input 

management, per drop more crop in Pradhan Mantri Krishi Sinchai Yojana (PMKSY), Pradhan Mantri 

Fasal Bima Yojana (FMBY), e-NAM and Pradhan Mantri Kisan Sampada Yojana. 

Pradhan Mantri Kisan Sampada Yojana (PMKSY) 

Pradhan Mantri Kisan Sampada Yojana (Scheme for Agro-Marine Processing and Development of Agro-

Processing Clusters) is step towards doubling farmers income in India by way of creating huge employment 

opportunities especially in the rural areas and also help in reducing wastage of agricultural produce, 

increasing availability of safe and convenient processed foods at affordable price to consumers and 

enhancing the export of the processed foods. 

Further, it helps in creation of modern infrastructure with efficient supply chain management from farm 

gate to retail outlet. It will provide a big boost to the growth of food processing sector in the country which 

is important segment of the Indian economy in terms of its contribution to GDP, employment and 

investment. It is big steps taken by government towards boosting of food processing sector to bring down 

post-harvest losses preferably to zero level, provide quality food to consumers at cheaper rate and double 

of farmers income.  

SAMPADA (Scheme for Agro-Marine Processing and Development of Agro-Processing Clusters) as 

"Pradhan Mantri Kisan Sampada Yojana (PMKSY)” under Ministry of Food Processing Industries was 

approved by the Cabinet Committee on Economic Affairs (CCEA) for the period of 2016-20 co-terminus 

with the 14th Finance Commission cycle. This scheme has an allocation of Rs 6000 crore for the period 

2016-2020. 

The major objective of the scheme is to the major objectives of PMKSY are to create robust modern 

infrastructure along the entire food processing value chain, reduce wastage of agricultural produce and 

increase food processing/value addition which would, inter alia, increase the income of the farmers and 

encourage them to adopt better farming methods/practices to increase farm productivity. 
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Fig. Pradhan Mantri Kisan Sampada Yojana (PMKSY) 

PMKSY is an umbrella scheme which incorporates all ongoing schemes of the Union Ministry of Food 

Processing Industries (MoFPI). The scheme would help in overall development of the food processing sector. 

Some old schemes such as mega food parks and cold chain projects and three new schemes will be merged 

in to SAMPADA for better efficiency and transparency. Scheme is very essential in present context because 

food processing sector has emerged as an important segment of the Indian economy in terms of its 

contribution to GDP, employment and investment. During 2015-16, the sector constituted as much as 9.1 

and 8.6 per cent of gross value added (GVA) in manufacturing and agriculture sector respectively. 

Financial Allocation Under the Scheme 

PMKSY will have budgetary allocation of Rs. 6000 and is expected to leverage investment of Rs. 31,400 

crore, handling of 334 lakh MT agro-produce valuing Rs. 1 lakh 4 thousand 125 crore. It will benefit 2 

million farmers and generate over 5 lakh 30 thousand direct or indirect employment in the country by the 

year 2019-2020. 

Following Scheme will be Implemented Under SAMPADA Yojana 

1. Mega Food Parks. 

2. Integrated Cold Chain and Value Addition Infrastructure. 

3. Creation/Expansion of Food Processing and Preservation Capacities. 

4. Infrastructures for Agro-processing Clusters. 

5. Creation of Forward and Backward Linkages. 

6. Food Safety and Quality Assurance Infrastructure. 

7. Human Resource and Institutions. 

Impact of Scheme on Rural Farm Income 

Storage and warehousing are major concern in India as most of the agricultural commodities are perishable 

in nature. As per the Central Institute for Post-Harvest Engineering and Technology’s (CIPHET) 

estimation, post-harvest loss of the crop is around 5% of the agricultural GDP. Moreover, wastage of fruits 

and vegetables is in the range of 6.7% to 15.9% of production annually. Due to perishable nature and lack 
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of adequate storage facilities, the price of the agricultural commodities in turn is highly volatile result in 

low income of farmers and high consumer expenditure. Therefore, Sampada scheme with its modern 

infrastructure facilitate with respect to warehouses and food processing industries play an important role 

in stabilizing the prices of the agro commodities, value addition, reduces post-harvest losses and have a 

soothing effect on inherent volatility in food consumer price index. Thus, scheme will benefit both the 

farmers as well as consumers in nutshell. As results farmers can realize in increasing farm income and 

hence double their profits. 

Conclusion 

Sampada scheme will play decisive role in supporting agricultural capacity utilization levels as well as 

alleviating wastage issue, hence doubling the farm income in longer term.  Financing for sub segments is 

still a matter of concern, both for food processing as well as cold storage categories record a credit off take 

near unenthusiastic. 

References 
1. Chand R (2017). “Doubling Farmers’ Income–Rationale, Strategy, Prospects and Action Plan,” NITI Policy Paper No 1, Niti 

Aayog, Government of India, New Delhi. 

2. Government of India (2015) All India Report on Agriculture Census 2010-11, Department of Agriculture, Cooperation and 

Farmers Welfare, Ministry of Agriculture and Farmers Welfare. Krishi Bhawan, New Delhi.  http://agcensus.nic.in/. 

3. Sukhpal S (2018). Doubling Farmers’ Income: Mechanisms and Challenges. Economic and Political Weekly, 53(7):15-19. 

  

http://agcensus.nic.in/


 

 
Volume 3 - Issue 12 - December 2021       197 | P a g e  
 

Opuntia dillenii (Prickly Pear) - A Wild Edible Fruit 
Article ID: 35270 

Kanneboina Soujanya1, B. Anila Kumari1, E. Jyothsna1 
1Dept. of Food and Nutrition, Post Graduate & Research Centre, PJTS Agricultural University, 

Rajendranagar, Hyderabad (500 030), India 

 

 

Introduction 

Nowadays, global focus has been turned towards use of natural plant species as a source of antioxidants 

and functional foods. Opuntia dillenii is a wild xerophyte plant from Cactaceae family. It is commonly 

called as pear bush, malrachette, prickly pear or tuna. It is a succulent plant, mostly grown in dry and 

desert areas. It is native to West indies and American continent. Due its cultivation, it was also distributed 

to many other countries like Southern and Eastern Africa, Canary Islands, India, Pakistan and Australia. 

The fruit is a rich source of dietary fiber, antioxidants, natural colorants, vitamins and minerals. Many 

studies reported that the plant has many pharmacological properties like antioxidant, antiulcerogenic, 

anti-inflammatory, antioxidant, antihyperlipidemic, antidiabetic properties and also used in the treatment 

of Parkinson's disease, Alzheimer's disease, stroke. There are two historical evidences that the plant is 

cultivated because of its formidable spines and the purple colour of the fruit is used as ink in Srirangapatam 

of India (Pooja and Vidyasagar, 2016). 

Morphology 

Opuntia dillenii is an erect plant grows to 50-200cm. It has elliptic, ovate and flattened stem segments 

called pad or joints with many stout spines. The joints of the plant are dull green to blueish green in colour, 

10-40cm long, 1-2cm thick and 5-15cm broad. The spines are 1.5-6 cm long with colour varies from yellow 

to brown. Like other cactus plants, roots of the plant are less morphologically specialised. The flowers of 

the plant are 6-8cm wider and lemon yellow in colour. It has fruits with purple skin, pear shape, measures 

to 3cm in diameter and 4-7cm in length. The flesh of the fruit is purple throughout with a number of 

rounded seeds in tan colour.  Suitable conditions for the growth of the plant are sandy type soil, at 20-30 

degrees temperature and 150 to 250 mm precipitation per annum (Potsdam, 2008). 

Taxonomical classification  Vernacular names 

Kingdom  Plantae  Andhra Pradesh  Nagajemudu 

Subkingdom  Tracheobionta  Bengal  Nagphana 

Superdivision  Spermatophyta  Gujrat  Chorhathalo Nagphan 

Division  Magnoliophyta  Hindi  Hathhathoria 

Class  Magnoliopsida  Karnatka  Papaskalli, Chappatigalli 

Subclass  Caryophyllidae  Kerala  Palakakkali 

Order  Caryophyllales  Maharashtra Nagamullu chapal 

Family  Cactaceae  Punjab  Chittarthohar 

Species  Opuntia dillenii  Sanskrit   Vajrakantaka, Mahavriksha 

Genus  Opuntia Mill. (Prickly pear)  Tamilnadu  Sappathikalli, Nagathali 

(Ref: Sharma et al., 2015) 

Nutritional Composition 

Nutritional composition of fruit pulp per 100 was: moisture-81.68%, brix-10.35, total fiber 9.49%, fat-0.71%, 

protein-0.52%, ash-0.43%, acidity-1.23%, ascorbic acid-29.7mg and phenols-117mg. Minerals like sodium-

153mg, potassium-908mg, calcium-535mg, magnesium-454mg, iron-1.53mg, cupper-0.33mg, zinc-1.29mg, 

manganese-5.09mg, nickel-0.20mg and chromium-0.14mg per kg on dry weight basis (Medina et al., 2007).

  

Opuntia dillenii fruit has TSS (Total soluble solids) content of 12-17%, acidity-0.03-0.12%, PH-6.0-6.6, 

ascorbic acid-20-40mg, energy-172kJ, protein-0.7gm, fat-0.5g, glucose-7.8g, fiber-1.8g, potassium-220mg, 

magnesium-85mg, calcium-56mg and phosphous-24mg per 100gm of edible portion (Sharma et al., 2015).  
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Chemical composition of Opuntia dillenii per 100gm was: ascorbic acid-55.29mg, betacyanins-56.91mg, 

betaxanthins-45.64mg, total phenolic compunds-179.30mg and antioxidant activity-53.32% (Embaby et al., 

2016). 

Pharmacological Properties 

The phytochemical screening of aqueous extracts of Opuntia dillenii identified the presence of tannins, 

saponins, terpenoids, alkaloids and flavonoids (Halim et al., 2015).  

Different solvent extracts of fruits of Opuntia dillenii found maximum number of phenols (5.2%), Alkaloids 

(4.3%), Flavonoids (1.8%), Saponins (0.9%), and Terpenoids (0.6 %) (Pooja and Vidyasagar, 2016). 

Whooping cough was treated by the baked fruit of Opuntia dillenii in the Deccan. Consumption of three to 

four teaspoons of fruit syrup increases the bile secretion and decreases the spasmodic cough and 

expectoration. Pulp of the leaf is used to trat inflammation and applied to the eyes in cases of ophthalmia 

(Sharma et al., 2015). Opuntia dillenii showed analgesic effect against pain caused by acid, heat and 

electrical current in rodents (Ahmed et al. 2005). 

Many studies reported that Opuntia dillenii had many pharmacological properties like anti-viral activity, 

anti-diabetic, anti-hypercholesteraemic, anti-inflammatory, antibacterial, anti-ulcer and antilipidemic 

properties (Feugang et al., 2006). 

Developed Products 

Sensory and effect of storage conditions on the physico-chemical characteristics of squash developed from 

Opuntia dillenii was analysed by Thakur et al., 2018. Among the different formulations, 35% juice at 40 

°Brix TSS and 1.20 % acidity was best accepted and can be best stored for 6 months in glass bottles under 

refrigerated conditions.   

Three different formulations of beverage made from Opuntia dillenii powder in combination with fruit 

powder of papaya and mango. The fruit was identified the presence of two polyphenols namely vanilllic 

acid and gallic acid by HPLC method (Sowbhagya and Mishra, 2016).  

Fruit mixtures are prepared with Opuntia dillenii and strawberry in different combinations, stored in 

sterilized glass bottles under refrigerated conditions to study the impact of storage conditions on the 

sensory, colour and bioactive compounds. Addition of Opuntia dillenii improved the colour properties and 

so can be successfully used to produce new drinks (Embaby et al., 2016). 

    
Habitat Flower Fruits 

 Opuntia dillenii  

Conclusion 

Many wild fruits has been used by the previous man as food and medicine. Opuntia dillenii is a wild edible 

fruit with good source of nutrients, antioxidants and pharmacological properties. Consumption and 

development of new products with wild edible fruits improves nutritional status, adds variety and promotes 

health benefits. 
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Introduction 

Nowadays, global focus has been turned towards use of natural plant species as a source of antioxidants 

and functional foods. Opuntia dillenii is a wild xerophyte plant from Cactaceae family. It is commonly 

called as pear bush, malrachette, prickly pear or tuna. It is a succulent plant, mostly grown in dry and 

desert areas. It is native to West indies and American continent. Due its cultivation, it was also distributed 

to many other countries like Southern and Eastern Africa, Canary Islands, India, Pakistan and Australia. 

The fruit is a rich source of dietary fiber, antioxidants, natural colorants, vitamins and minerals. Many 

studies reported that the plant has many pharmacological properties like antioxidant, antiulcerogenic, 

anti-inflammatory, antioxidant, antihyperlipidemic, antidiabetic properties and also used in the treatment 

of Parkinson's disease, Alzheimer's disease, stroke. There are two historical evidences that the plant is 

cultivated because of its formidable spines and the purple colour of the fruit is used as ink in Srirangapatam 

of India (Pooja and Vidyasagar, 2016). 

Morphology 

Opuntia dillenii is an erect plant grows to 50-200cm. It has elliptic, ovate and flattened stem segments 

called pad or joints with many stout spines. The joints of the plant are dull green to blueish green in colour, 

10-40cm long, 1-2cm thick and 5-15cm broad. The spines are 1.5-6 cm long with colour varies from yellow 

to brown. Like other cactus plants, roots of the plant are less morphologically specialised. The flowers of 

the plant are 6-8cm wider and lemon yellow in colour. It has fruits with purple skin, pear shape, measures 

to 3cm in diameter and 4-7cm in length. The flesh of the fruit is purple throughout with a number of 

rounded seeds in tan colour.  Suitable conditions for the growth of the plant are sandy type soil, at 20-30 

degrees temperature and 150 to 250 mm precipitation per annum (Potsdam, 2008). 

Taxonomical classification  Vernacular names 

Kingdom  Plantae  Andhra Pradesh  Nagajemudu 

Subkingdom  Tracheobionta  Bengal  Nagphana 

Superdivision  Spermatophyta  Gujrat  Chorhathalo Nagphan 

Division  Magnoliophyta  Hindi  Hathhathoria 

Class  Magnoliopsida  Karnatka  Papaskalli, Chappatigalli 

Subclass  Caryophyllidae  Kerala  Palakakkali 

Order  Caryophyllales  Maharashtra Nagamullu chapal 

Family  Cactaceae  Punjab  Chittarthohar 

Species  Opuntia dillenii  Sanskrit   Vajrakantaka, Mahavriksha 

Genus  Opuntia Mill. (Prickly pear)  Tamilnadu  Sappathikalli, Nagathali 

(Ref: Sharma et al., 2015) 

Nutritional Composition 

Nutritional composition of fruit pulp per 100 was: moisture-81.68%, brix-10.35, total fiber 9.49%, fat-0.71%, 

protein-0.52%, ash-0.43%, acidity-1.23%, ascorbic acid-29.7mg and phenols-117mg. Minerals like sodium-

153mg, potassium-908mg, calcium-535mg, magnesium-454mg, iron-1.53mg, cupper-0.33mg, zinc-1.29mg, 

manganese-5.09mg, nickel-0.20mg and chromium-0.14mg per kg on dry weight basis (Medina et al., 2007).

  

Opuntia dillenii fruit has TSS (Total soluble solids) content of 12-17%, acidity-0.03-0.12%, PH-6.0-6.6, 

ascorbic acid-20-40mg, energy-172kJ, protein-0.7gm, fat-0.5g, glucose-7.8g, fiber-1.8g, potassium-220mg, 

magnesium-85mg, calcium-56mg and phosphous-24mg per 100gm of edible portion (Sharma et al., 2015).  
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Chemical composition of Opuntia dillenii per 100gm was: ascorbic acid-55.29mg, betacyanins-56.91mg, 

betaxanthins-45.64mg, total phenolic compunds-179.30mg and antioxidant activity-53.32% (Embaby et al., 

2016). 

Pharmacological Properties 

The phytochemical screening of aqueous extracts of Opuntia dillenii identified the presence of tannins, 

saponins, terpenoids, alkaloids and flavonoids (Halim et al., 2015).  

Different solvent extracts of fruits of Opuntia dillenii found maximum number of phenols (5.2%), Alkaloids 

(4.3%), Flavonoids (1.8%), Saponins (0.9%), and Terpenoids (0.6 %) (Pooja and Vidyasagar, 2016). 

Whooping cough was treated by the baked fruit of Opuntia dillenii in the Deccan. Consumption of three to 

four teaspoons of fruit syrup increases the bile secretion and decreases the spasmodic cough and 

expectoration. Pulp of the leaf is used to trat inflammation and applied to the eyes in cases of ophthalmia 

(Sharma et al., 2015). Opuntia dillenii showed analgesic effect against pain caused by acid, heat and 

electrical current in rodents (Ahmed et al. 2005). 

Many studies reported that Opuntia dillenii had many pharmacological properties like anti-viral activity, 

anti-diabetic, anti-hypercholesteraemic, anti-inflammatory, antibacterial, anti-ulcer and antilipidemic 

properties (Feugang et al., 2006). 

Developed Products 

Sensory and effect of storage conditions on the physico-chemical characteristics of squash developed from 

Opuntia dillenii was analysed by Thakur et al., 2018. Among the different formulations, 35% juice at 40 

°Brix TSS and 1.20 % acidity was best accepted and can be best stored for 6 months in glass bottles under 

refrigerated conditions.   

Three different formulations of beverage made from Opuntia dillenii powder in combination with fruit 

powder of papaya and mango. The fruit was identified the presence of two polyphenols namely vanilllic 

acid and gallic acid by HPLC method (Sowbhagya and Mishra, 2016).  

Fruit mixtures are prepared with Opuntia dillenii and strawberry in different combinations, stored in 

sterilized glass bottles under refrigerated conditions to study the impact of storage conditions on the 

sensory, colour and bioactive compounds. Addition of Opuntia dillenii improved the colour properties and 

so can be successfully used to produce new drinks (Embaby et al., 2016). 

    
Habitat Flower Fruits 

 Opuntia dillenii  

Conclusion 

Many wild fruits has been used by the previous man as food and medicine. Opuntia dillenii is a wild edible 

fruit with good source of nutrients, antioxidants and pharmacological properties. Consumption and 

development of new products with wild edible fruits improves nutritional status, adds variety and promotes 

health benefits. 
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Introduction 

Potassium is one of the most important plant nutrients for plant growth and nutrition and is mainly 

absorbed by plants in its cationic form. Metabolism, sugar and starch transport, nitrogen uptake and 

protein synthesis. It also helps with grain filling, increases disease resistance to pests and diseases, 

increases the stiffness of the straw in rice, and also helps the plant withstand abiotic and biotic loads. 

Potassium deficiency causes poor plant growth and development and ultimately leads to lower crop yields 

(White and Karley 2020). 

Forms of Potassium 

In soils, the potassium content was between 0.04% and 3.0% (Sparks and Huang 1985) and is largely shared 

by the minerals bound to the clay. Available K, non-exchangeable K and soil mineral K are the three main 

forms of potassium in soils that are in dynamic equilibrium (Fig. 1). Among these three K forms, the mineral 

K accounts for more than 90-98% of the total potassium in the soil (Sparks and Huang 1985). Most of the 

mineral K is not available to plants because it is so tightly bound to the soil in the form of silicate minerals, 

Muscovite, orthoclase, biotite, feldspar, illite, mica, vermiculite, smectite, etc. Although non-exchangeable 

K makes up only 1-10% of the total soil K, it supplements the soil K solution after cultivation (Sharpley 

1989). The available K accounts for only 1-2% of the total K and this form remains in the soil solution or at 

the clay mineral exchange site and attaches to the soil organic matter. 

 
Fig 1: Interrelationships of various forms of soil K 

Source of the Available Potassium 

The most important source of potassium for plant uptake is the native K content in the soil day from (Zhao 

et al. 2018). In terms of potash fertilizer consumption, India ranks fourth worldwide, after the USA, China 

and Brazil (FAI 2017). According to the soil study report, the average total potassium content of Indian 

soils was found to be 1.52%. Countries for potash fertilizers and currently import 2.4 Mt of K2O (Kirkby, 

2017), with the exception of a small amount, which is made from seawater brine. Sometimes suboptimal 

doses or sometimes overdosing to improve crop yield, leading to environmental pollution (Akande et al. 

2018). The whereabouts of the K fertilizers applied to the soil depends on the soil properties and climatic 

variables; be exposed to leaching losses from heavy rains. Therefore, it is advisable to dispense fertilizers 
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at the time of plant need and in divided doses to improve their efficiency. And more environmentally 

friendly than applying chemical fertilizers with K (Rajan et al. 2016). However, the chemistry of availability 

of K for plants to take up from their mineral reserves is a complex process and is regulated by soil properties 

and other factors. Minerals are a very slow process under normal conditions and are therefore not readily 

available to the plant. However, with the current database it is clear that using some potential 

microorganisms in conjunction with these insoluble minerals can increase the rate of release as these 

microorganisms are able to solubilize insoluble K in minerals. 

Source of Available Potassium 

Major source of available potassium for plant uptake is the native K content in soils. Intensive cultivation 

without balanced application potassic fertilizers mined the soil potassium and its level is declining in soils 

day by day (Zhao et al. 2018). India ranks fourth in the world in consumption of potassium fertilizers, after 

the USA, China, and Brazil (FAI 2017). As per soil survey report, average total potassium content of Indian 

soils was found to be 1.52%. India mainly depends on other countries for potassic fertilizers and currently 

we are importing to a tune of 2.4 MT of K2O (Kirkby, 2017) except a trace amount being manufactured from 

brine sea water. Apart from that due to lack of knowledge and soil testing facilities, farmers used to apply 

sometimes suboptimal doses or sometimes over doses for enhanced crop yield that leads to environmental 

pollution (Akande et al. 2018). 

The fate of applied K fertilizers in soils depend upon the soil properties and climatic variables; being 

subjected to leaching losses due to heavy rainfall. Therefore, it is wise to apply the fertilizers at the time of 

crop demand and in split doses to improve its use efficiency. Thus, sometimes it is recommended for direct 

application of rock potassium materials to soils as this practise will be economically cheaper, agronomically 

useful and environment friendly than application of chemical K applied fertilizers (Rajan et al. 2016).  

However, the chemistry of availability of K for plant uptake from its mineral reserves is a complex process 

and regulated by soil properties and other factors. Potassium released from rock minerals is a very slow 

process under normal condition and therefore not readily available to the plant. But with the current 

database, it is clear that use of some potential microorganisms along with these insoluble minerals can 

increase the rate of release as these microorganisms are capable of solubilizing the insoluble K in minerals. 

Microorganisms Involved in Potassium Solubilization 

A diverse group of micro-organisms participate in solubilization of native reserve potassium in soils. 

However, the rhizosphere microorganisms extensively contribute in the mobilization of bound form of soil 

minerals in the soil (Sindhu et al. 2019). Different groups of soil microorganisms are able to solubilize 

mineral form of K to the form utilized by the crop plant (Gundala et al. 2021). The use of these microbial 

inoculants as potassium solubilizing biofertilizer is also economically viable and eco-friendly.  Numerous 

fugal and bacterial species support plant growth by mobilization of insoluble forms of K and making it 

available for plant uptake. 

Mechanism Involved in K-Solubilization/Mobilization 

Microorganisms involved in solubilization of insoluble potassium operate through diverse mechanisms and 

made available the insoluble K to soluble K for plant nutrition. The availability of soil potassium also 

increased due to various activities played by the microbes as a part of their metabolism. The basic principle 

behind solubilization of insoluble K is the breakdown of strong bond between the K+ ion, silicate minerals 

and increase release of bound K as soluble K in soils. 

Conclusion 

Potassium content of Indian soil is generally high but this potassium present in soil mainly in mineral 

form. As mineral potassium released very slowly, it cannot meet the crop demand. The release can be 

accentuated with the inoculation of potassium solubilizing microorganisms. Beneficial microbes are 

sustainable technology for solubilizing fixed form of potassium and making it available for plant uptake 

and also increased available potassium content in soils. Such technology can minimize the cost of chemical 

K fertilizers and also reduce the environmental pollution. 
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Introduction 

1. Temporal and spatial variability in weather conditions make significant impact on Indian agriculture. 

Besides, harmful events like droughts, floods and cyclones, spatial and temporal changes in important 

weather parameters like rainfall, temperature, wind, cloud cover, humidity, etc. 

2. Agriculture in many parts of country, especially in arid and semi-arid region is risky because of highly 

variable weather. In some countries as much as 80% of the variability in agricultural production is due to 

abnormal weather especially by uncertainty of rainfall.  

3. A timely different range of forecast could permit farmers to adjust cropping patterns and plan 

agricultural operations in order to benefit fully from adverse weather condition.  

4. Plant growth and development are primarily governed by climate and soil.  

5. Besides crop production, transport, trade, aviation, navigation, communication, etc. depends on weather.  

6. Weather forecasting requires number of meteorological observations from surface and upper atmosphere.  

7. Most common and routine surface observations are pressure, temperature, humidity, cloudiness, cloud 

height, wind direction and speed, precipitation, sunshine hours and evaporation. 

Remote Sensing 

The term of remote sensing was coined by Fischer in the year 1960. Remote means far away and sensing 

means to know about something. 

Remote Sensing: It can define as the science, technology and art of acquiring information about an object 

which are not in physical contact with the object itself.  

Remote Sensing Platforms: The base on which remote sensing sensor are mounted is called remote 

sensing platforms. 

How Remote Sensing Used in Weather Forecasting and Yield Prediction? 

1. Remote Sensing uses aerial sensors to detect or locate objects on the earth’s land surface or atmosphere, 

by means of transmitting electromagnetic radiation.  

2. Remote sensing can provide information on important crop growth variables on a regional scale. 

3. Vegetation indices (VIs) derived from RS data acquired at maximum vegetative of crop growth, vigour 

and potential grain yield. 

Types of Remote Sensing 

Passive Remote Sensing: 

a. Source of energy is either the sun or earth/atmosphere. 

b. Sun 

c. Wavelengths:  0.4-5µm 

d. Earth or its atmosphere 

e. Wavelengths:  3µm-30cm. 

Active Remote Sensing: 

a. Source of energy is part of the remote system. 

b. Radar 

c. Wavelengths: mm-m 

d. Ladar 
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e. Wavelengths: UV, Visible and near infrared. 

Concept of Remote Sensing 

1. Remote sensing is a simple activity that is performed in a daily life. 

2. All sensations that are not received through direct contact are remote sensed.  

3. E.g., sensations such as heat, hear disturbances in atmosphere carried as sound waves etc. 

Mechanism Involved in K-Solubilization/Mobilization 

Microorganisms involved in solubilization of insoluble potassium operate through diverse mechanisms and 

made available the insoluble K to soluble K for plant nutrition. The availability of soil potassium also 

increased due to various activities played by the microbes as a part of their metabolism. The basic principle 

behind solubilization of insoluble K is the breakdown of strong bond between the K+ ion, silicate minerals 

and increase release of bound K as soluble K in soils. 

Remote Sensing Process 

Interaction Between Plants and Electromagnetic Radiation: 

a. Chlorophyll primarily absorbs light in the violet to blue and red wavelengths.  

b. Green light is not readily absorbed and is reflected thus giving the leaf a green color appearance.  

c. The internal cell wall structure of the mesophyll causes high reflectance of near infrared radiation. 

Chlorophyll is transparent to near infrared radiation.                                      

Weather forecasting: 

a. Any advance information about the probable weather in future obtained by evaluating the present 

and past meteorological conditions of the atmosphere is called weather forecasting. 

b. Weather forecasting is important for agriculture, aviation, navigation, etc.  

c. Weather forecast are made by collecting quantitative data about the current state of the 

atmosphere at a given place using meteorology to project how atmosphere will change. 

d. Different weather parameters such as pressure, temperature, humidity, cloudiness, wind 

direction, wind speed, precipitation and sunshine hour can be predicted. 

Instruments are Used in Routine Upper Air Observation 

Routine upper air observations Instruments 

Wind direction and wind speed Pilot balloons, Radiosonde, radar 

Temperature, pressure and humidity Radiosonde, pilot balloons 

Temperature and wind Microwaves sound 

Cloud and radiation Satellites 

Yield Prediction 

Two Approaches for Yield Prediction: 

1. Indirect Method: Crop Simulation model Biophysical parameter which is derived based on remote 

sensing observation can be one of the input parameters in yield prediction models 

2. Direct Method: Empirical Regression relationship Remote sensing observed data in the form of 

vegetation index can be correlated with the crop yield on the basis of actual field data. 

Vegetation Indices 

1. Assessment of weather impacts on vegetation and evaluation of vegetation health and productivity. 

2. These indices are primarily based on ratio or difference between the reflectance in various wavelengths.  

3. Each index provides a description of the canopy response during period of particular growth stage under 

the study. 

4. Vegetation indices provide information on the state of vegetation on the land surface. 

5. Vegetation is the result of a complex relation between land and land use and provides monitoring and 

estimating changes over time.  

6. Identify and provide information on spatial variability. 

7. Permit more efficiency in field scouting. 
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8. Remote sensing images provide to access spatial information at global scale of features and phenomena 

on earth on an almost real time basis. 

9. Alternative source for data which could be acquired by terrestrial and airborne surveying, but in a more 

timely and less expensive manner. 

Table. 1 Different Vegetation Indices: 

Name Vegetation index Parameter Reference 

Simple Ratio Index/Ratio 

Vegetative Index (SR/RVI) 

SR= RNIR/R red Green Biomass Jordan (1969); 

Rouse et al. (1974) 

Normalized Difference 

Vegetation Index (NDVI) 

NDVI= (RNIR – R 

red)/ 

(RNIR +R red) 

Green Biomass Rouse et al. (1974) 

Green Normalized Difference 

Vegetation Index (GNDVI) 

GNDVI = (NIR-

Green)/(NIR+Green) 

Green Biomass Gitelson and 

Merzlyak, (1996) 

Nitrogen Reflectance Index 

(NRI) 

NRI= NIR / Green Green Biomass Bausch and 

Duke (1996) 

Difference Vegetation Index 

(DVI) 

DVI= NIR - red Green Biomass Tucker (1979) 

Normalized Difference Red 

Edge (NDRE) 

NDRE = (R790 - 

R720)/ 

(R790 + R720) 

Chlorophyll 

content 

Barnes et al. (2000) 

Modified Spectral Ratio (MSR) mSR= (R750 – R445)/ 

(R750 + R445) 

Chlorophyll 

content 

Sims and Gamon 

(2002) 

Canopy Chlorophyll Content 

Index (CCCI) 

Calibrated index using 

NDRE as function of 

NDVI 

Chlorophyll 

content 

Barnes et al. (2000) 

Satellites for which Data is Commonly Available in India 

1. Landsat system of USA [Landsat 1, Landsat 2, Landsat 3, Landsat 4, Landsat 5, Landsat 6, Landsat 7]. 

2. SPOT (French: satellite Pour observation de la Terre, that means satellite for observation of earth) 

system of France. 

3. IRS (Indian Remote Sensing Satellite)-series of India [IRS-IA, IRS-IC, IRS-ID, IRS-P3, IRS-P4, IRS-P6, 

IRS-P5]. 

Conclusion 

1. Remote sensing-based weather forecasting is effective because we can carry out all agricultural operation 

in advance and protect the crop from disease and pest, increase the yield of crop and rise the income of 

farmers.  

2. This is also useful in cyclone, flood, earthquake etc. in this we can protect all things in advance and be 

ready for take an action against that situation and try to save the life of all living things.  

3. Satellite based yield prediction is useful technique to predict yield for larger area.  

4. FASAL concept proposes approach which integrates inputs from the remote sensing, weather and field 

observations to make forecasts of desired coverage, accuracy and timeliness.  

5. Different remote sensing-based vegetation indices like RVI, NDVI along with the other biophysical 

parameter are used for developing yield prediction model. 

References 
1. Bella, C. M.; Magrin, G. O.; Boullon, D. R.; Grondona, M. O. and Rebella, C. M. 1996. Zea mays yield prediction using satellite 

information and a simulation model. Los Reseros y Las Cabañas S/N, 1712- 14-19. 

2. Chopada, M.C.; Sahu D.D and Kacha H.L. 2011. Verification of medium range rainfall forecast under south Saurashtra agro 

climatic zone, Gujarat. Journal of Agrometeorology, 13 (1): 65-67. 

  



 

 
Volume 3 - Issue 12 - December 2021       209 | P a g e  
 

Nanoherbicides and Insecticides Application in 

Agriculture 
Article ID: 35274 

Rajakumari Malliga M1 
1Assistant Professor, Soil Science and Agricultural Chemistry, Imayam Insititute of Agriculture and 

Technology, Kannanur, Thuraiyur, Trichy, Tamil Nadu-621 206. 

 

 

Introduction 

Nanotechnology is an interdisciplinary promising research field, opening a vast number of opportunities in 

fields like medicine, pharmaceuticals, electronics, and agriculture. The term nanomaterials are generally 

used to describe the materials having a size between 1 and 100 nm. The small size and enormous surface 

area of such characteristics give unique properties for nanomaterials like optical, physical, and biological. 

Agricultural land is decreasing day by day due to erosion, environmental pollution, unconscious irrigation 

and fertilization. It is necessary to increase agricultural production in order to meet the needs of the 

developing industry as well as the nutritional needs of the growing population. In the recent years, nano 

fertilizers have begun to be produced to obtain the highest amount and quality of production from the unit 

area. Nano fertilizers cause an increase in the use efficiency of plant nutrients, reduce soil toxicity, 

minimize the potential adverse effects of excessive chemical fertilizer use, and reduce fertilizer application 

frequency. Nano fertilizers are important in agriculture to increase crop yield and nutrient use efficiency, 

and to reduce excessive use of chemical fertilizers. 

Nanoherbicide and Insecticide 

Weeds are one of the biggest menaces in the agricultural production system. Weeds are alone responsible 

for one-third of yield loss in crop production. Various weed management practices are followed in crop 

production such as manual weeding, mechanical, chemical and biological method. Manual weeding is 

highly, laborious whereas mechanical measures may lead to weed spread because of carry-over from weed-

infested field to other fields. The intercultural practices are effective only between rows while the weeds 

within the rows are being untouched. In the chemical method, the weeds become resistant against the 

herbicides due to their repeated application. 

Nanotechnology facilitates for efficient delivery of chemicals through nanomaterials as based formulations. 

Nanotechnology approach reduces the number of toxic herbicides used in the field, due to its slow and 

sustained release behavior. A small quantity of nano herbicide is easily incorporated with soil, which kill 

target weed seeds buried below the reach of conventional herbicides. Herbicides are encapsulated with 

various substances to get target specific and efficient release to the plants. Nano particle is designed to 

reach and kills target weeds. Nano herbicides are having high penetration efficiency than conventional 

herbicides.  

Controlled release technology is an alternative method to avoid problems associated with the use of 

pesticides. Controlled release technology comprises of active ingredient encapsulated in polymer, which 

allows the agent delivered to the target at controlled rates for a specified period, The main advantages of 

controlled release formulations facilitate the release of pesticides at lethal dose to target pests for longer 

period. If an herbicide encapsulated in polymer either for controlled or slow release of herbicide which is 

referred nanoherbicides. The herbicide active ingredients are encapsulated by several techniques including 

direct, indirect, solvent evaporation and spray drying methods. Encapsulation of herbicides is carried out 

with various substances including surfactants, polymers, nanoparticles and natural materials. 

A polymer poly caprolactone was used to encapsulate atrazine, which is highly residue forming herbicide. 

The nano herbicide formulation reduced the mobility of the herbicide in the soil while it enhanced the 

herbicidal activity compared to conventional atrazin formulation. The encapsulated atrazine herbicide was 

released from the polymeric nanoparticle complex in a controlled manner through the relaxation of 

polymeric chains. 
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Poly (lactic-co-glycolic-acid) is a biocompatible and biodegradable polymer. Nano formulation comprises of 

core material (atrazine herbicide) and shell material (Poly-lacticco-glycolic-acid). Atrazine herbicide 

released from the core with the degradation of shell materials. This prevents the rapid release of active 

ingredient from the carrier after reaching the soil surface. The polymer lipid - N amino polyethylene glycol 

acts as shell where herbicide was embedded in Poly (lactic-co-glycolic-acid) for the controlled release of 

herbicide. 

Alachlor is a selective pre-emergence herbicide, which is susceptible to volatilization losses, and hence weed 

control efficiency is reduced in field conditions. Microencapsulation of alachlor in ethyl cellulose reduced 

volatilization and achieves higher weed control efficiency. 

Nano Pesticides 

Pests and diseases cause average loss of 30-35 per cent in farm productivity in India. The use of 

conventional pesticides to combat pest and diseases results in drift hazards, operational hazards and 

residues in environment, plants and marketable produce. Application of pesticide also affects non-target 

vegetation and non-target organisms. An alternative pest control strategies are necessary to improve the 

pesticide use efficiency and protect the environment. The uses of nano formulations are one of the straregies 

to overcome the limitations of conventional pesticides. Nanoemulsion nanodispersion, solid nanoparticles 

and encapsulation of pesticides in polymers are generally explored to control the pest and diseases. Silica 

nanoparticles are highty effective against the rice weevil Sitophilus oryzae, while silver nanoparticles are 

most favorable attributed for bactericidal and viricidal efficacy, low toxicity, charge capacity, high suface 

area, and crystallographic structure. Polymer-based pesticide nanocarriers facilitate diffusion-controlled 

release of pesticides to prepare controlled and slow release of pesticides molecules. Encapsulation of 

pesticides improves the workers safety in handling of pesticides and decrease the crop phytotoxicity. Liquid 

neem oil dispersed into a matrix of urea formaldehyde polymer and starch for achieving controlled release 

of neem oil. Biodegradable hydrogel include poly acrylamide and methyl cellulose is used as carrier of 

pesticides to fabricate controlled release systems. Nano composites of organic polymer matrix and nano 

inorganic filler are used as template for the delivery of pesticides. 
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Introduction 

1. Introduction of canal irrigation without adequate provision for drainage in arid and semiarid regions 

results in water table rise leading to waterlogging and secondary salinization in large areas in irrigation 

commands. These problems are the result of a multitude of factors, including seepage from unlined canals, 

inadequate provision of surface and subsurface drainage, over irrigation and use of poor-quality 

groundwater for irrigation. Globally about 10% of the land area is affected by waterlogging (Setter and 

Waters, 2003) and over 6% by salinity (FAO, 2008). In India, about 6.7 million ha of land is affected by 

different levels and types of salinity, out of which nearly half are under irrigated agriculture (ICAR, 2010). 

Severely waterlogged saline soils occur in about two million ha area in arid/ semi- arid north western states 

of Punjab, Haryana, Rajasthan and Gujarat and one million ha each in the Coastal and black cotton Vertisol 

regions of India. 

2. It is projected that about 13 million ha area in irrigation commands of India will be affected by 

waterlogging and soil salinity by 2025.  

3. Waterlogged saline soils apart from environmental degradation result in poor crop yields by reducing 

crop yields by as much as 80% (Shabala, 2011) and finally in abandoning the land from cultivation. 

Reasons for Water Logging 

Natural causes: 

a. Geographical and physical situation 

b. Slope 

c. Water holding capacity 

d. Water flow characteristics. 

Artificial causes: 

a. Seepage from reservoir and canals 

b. Over irrigation 

c. Non disposal of excess water from the ayacut. 

Working Groups of Water-Logged Areas 

1. Water logged area - water table depth within 2 meter of land surface. 

2. Potential areas of water logging- water table between 2-3 meter below land surface. 

3. Safe areas- water table below 3 meter of land surface. 

Problematic Soils 

The soils which possess characteristics that make them uneconomical for the cultivation of crops without 

adopting proper reclamation measures are known as problem soils. 

Types of Problem Soils 

1. Physical Problem soils     

2. Biological Problem soils  

3. Chemical Problems: 

a. Salt affected soils 

b. Alkali/sodic soils 
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c. Saline-alkali/sodic soils 

d. Acid soils 

e. Acid sulphate soils 

f. Calcareous soi 

g. Man-made pollutants. 

Drainage 

Drainage is the artificial removal and safe disposal of excess water either from the land surface or soil 

profile, more specifically, the removal and safe disposal of excess gravitational water from the crop root 

zone to create favorable conditions for crop growth to enhance agricultural production. 

Benefits of Drainage 

1. It provides better soil environment for plant growth by creating favourable soil aeration conditions  

2. It improves the soil structure and in turn increases the soil infiltration  

3. High infiltration capacity reduces soil erosion.  

4. It hastens the warming of the soils and maintains desirable soil temperature, which accelerate plant 

growth and bacterial activity 

5. It promotes increased leaching of salts and prevents accumulation of salts in the crop root zone. 

What is Bio-Drainage? 

1. The term bio-drainage is relatively new, although the use of vegetation to dry out soil profiles has been 

known for a long time. 

2. The first documented use of the term bio-drainage can be attributed to Gafni (1994). 

3. Prior to that date Heuperman (1992) used the term bio-pumping to describe the use of trees for water 

table control. 

Bio-drainage may be defined as “pumping of excess soil water using bio-energy through 

deeprooted vegetation with high rate of transpiration.” 

Scientific Basis of Bio-Drainage 

In natural environments the components of the hydrological system, i.e., rainfall, evapo-transpiration, 

change in soil-water storage and drainage, are in balance. Periods of high rainfall might temporarily result 

in increased drainage flows, a rise in the groundwater table or soil moisture storage, Vegetation plays a 

vital role in the evapotranspiration and soil-water storage components of this balance. 

Possible Bio-Drainage Scenarios 

Dryland/rainfed systems:   

a. The process to minimize deep seepage losses in the higher parts of the landscape to minimize 

discharge problems down-slope is often referred to as recharge control.  

b. Break-of-slope, (where the slope ‘breaks’ from convex to concave) plantings have been promoted 

as flow interceptors for areas where groundwater flows through permeable layers overlying low-

permeability strata.  

c. Where the depressions are land-locked (closed basins) and percolation to deeper aquifers is 

inhibited, salinization of the landscape unit is inevitable. 

Irrigated systems: 

a. Water table control: Shallow water table causes root zone soil salinization which adversely 

affects crop growth. Biodrainage in irrigation areas lowers water tables below the critical depth, 

which is defined as the depth at which capillary salinization is negligible.  

b. Channel seepage interception: Channel seepage can be a major contributor to water table rise 

and consequently can cause water logging and salinity problems in the adjoining land. Water quality 

of seepage water is normally good which if intercepted can be productively used by crops. In cases if 

seepage water is not intercepted and left to evaporate it will increase salinity.  

c. Biodrainage cum conventional drainage systems: For the optimum growth of biodrainage 

crops also, salt accumulation in the root zone should not exceed the threshold level. Where 
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biodrainage results in salt accumulation, engineering assistance is needed to make the system 

sustainable. 

The Following Issues should be Considered in the Development of Bio-Drainage 

Systems 

Water balance: Biodrainage plantations should be able to extract groundwater volumes equal to the net 

recharge. The water balance is to be maintained such that the water table is kept below the rootzone  

Area under plantation for water balance: The area to be covered under biodrainage vegetation should 

be the minimum but large enough so that amount water removed through evapotranspiration should equal 

the total annual recharge. 

Salt tolerance: Biodrainage crops need to be salt tolerant. The water use capacity of trees and other crops 

decreases with increase in water salinity. In the case of Eucalyptus species, it reduces to about one-half of 

potential when the water salinity increases to about 8 dS/m.  

Drawdown of water table:  The drawdown effect under trees/crops depends on the tree/crop’s water use, 

the rate of recharge in the surrounding area, the hydraulic conductivity of substrata and the depth to 

deeper barrier layers. Biodrainage plantings should be established in blocks or strips and spaced to keep 

water table levels in the irrigated farmland in between the plantings below the rootzone.  

Salt balance: To achieve salt balance without conventional drainage, the irrigated crops, along with 

interspersed biodrainage plantings, would have to accumulate the salts introduced by irrigation, and would 

subsequently have to be harvested and removed from the region. This is only (potentially) achievable in 

situations where very low-salinity water is available to the plants.  

Economic aspects: The growing of biodrainage trees and crops requires a different operational 

management approach than the growing of agricultural crops. Some form of contract growing, based on 

annual payments might have to be considered to make the system acceptable to landholders.  

Social acceptance: The introduction of new crops such as tree plantations affects rural social societies. 

Active participation of local communities in the deve-lopment of tree plantation-based biodrainage systems 

is extremely important to overcome problems and ascertain that the benefits of the biodrainage systems 

are reaped to the maximum extent.  

Bio- drainage tree species Eucalyptus species are generally considered to be effective for biodrainage 

purposes. 

Acacia nilotica, Dalbergia sisoo, Tecomella undulata and Ziziphus marutiana are other species suitable for 

non- irrigated conditions. 

Merits of Biodrainage Over Conventional Drainage Systems 

1. Biodrainage requires no maintenance after initial establishment  

2. No operational cost, as the plants use their bio-energy in draining out the excess ground water into 

atmosphere.   

3. Ecologically safe as drainage effluent is not produced.  

4. Increase in worth with age instead of depreciation   

5. Preventive as well as curative system for waterlogging and salinity   

6. Sequesters carbon and earn carbon credits  

7. Provides higher income to the farmers due to the production of food, fodder, timber, fuel wood and other 

valuable products.  

8. The improvement in soil salinity and waterlogging provides additional land for cultivation   

9. Increase in cropping intensity and soil organic carbon build-up Higher crop yields and nutrient use 

efficiency  

10. Increased employment generation and poverty reduction  

11. Mitigates greenhouse gases by absorbing CO2 and releasing O2   

12. Acts as wind break and protects crops in agroforestry system. 
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Conclusion 

1. Plantation of Eucalyptus tereticornis could control water table rises up to 1.95, 3.48, 3.76 and 3.64 m in 

first, second, third and fourth year, respectively.  

2. Plantation of Eucalyptus rudi will receded Ground water level by 145 cm.  

3. The strip-plantations of Eucalyptus spp. will sequester 15.5 t ha–1 carbon.  

4. Plantation of bio drainage tree species Increases the yield of rice up to 1.7 folds and wheat 1.3 folds 

higher than in adjacent field. 

5. The plantation of prosophis juliflora, Alfa alfa reduces the soil pH and Ec. 

Future Line of Work 

1. Need to screen the new eucalyptus clones that suitable for high salt containing soils.  

2. Need to develop alternate forest species of similar growth and adoption to waterlogged areas. 

3. Need to formulate new government policies that will encourage the farmers to grow bio drainage tree 

species all along the canal bunds and fields in water logged areas. 
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Introduction 

Many people are fond of ladybugs because of their colorful, spotted appearance. But farmers love them for 

their appetite. Most ladybugs voraciously consume plant-eating insects, such as aphids, and in doing so 

they help to protect crops. Ladybugs lay hundreds of eggs in the colonies of aphids and other plant-eating 

pests. When they hatch, the ladybug larvae immediately begin to feed. By the end of its three-to-six-week 

life, a ladybug may eat some 5,000 aphids. 

Ladybugs are also called lady beetles or, in Europe, ladybird beetles. There are about 5,000 different species 

of these insects, and not all of them have the same appetites. A few ladybugs prey not on plant eaters but 

on plants. The Mexican bean beetle and the squash beetle are destructive pests that prey upon the crops 

mentioned in their names. Ladybugs appear as half-spheres, tiny, spotted, round or oval-shaped domes. 

They have short legs and antennae. 

The members of coccidae are essentially of tropical and sub-tropical in nature. These insects build up 

rapidly during hot weather period and are considered as “hard to kill” pests of fruit trees because of 

practical difficulties in controlling them (Lower, 1968). The insecticides post-application stage hazards 

concern the common man, as they come from pesticide residues persisting on fruits. Hence it necessitated 

the use of biocontrol agents especially indigenous, locally adapted coccinellids for the management of 

mealybugs. In general, most of the mealybugs are regulated by parasitoids and predators in nature.  

Coccinellids are the most important as many of them are predators of crop pests which includes aphids, 

mealybugs, scale insects, mites etc., and have been emphasized for their field utilization. The value of 

coccinellids in biological control is more as both grubs and adults are feeding on the pest at a greater 

density. Among the various groups of insect predators, coccinellids are well known for their predation on 

injurious insects like aphids, scales, mealybugs and phytophagous mites. The Australian lady bird beetle, 

Cryptolaemus montrouzieri Mulsant (Coccinellidae: Coleoptera) was successfully used in the control of 

citrus mealybugs (Clausen, 1915). 

Status of Coccinellid Predators 

The Australian ladybird beetle C. montrouzieri was first introduced from Australia to India in 1898 to 

reduce P. citri on citrus. The release of C. montrouzieri @ ten beetles per Coorg mandarin tree reduced the 

mealybug population to a negligible level within a period of 5 weeks (Singh, 1978). Mani and 

Krishnamoorthy (1999) found that release of C. montrouzieri reduced the mealybug population from 39.4 

in January to 1.3/shoot in mid-March on acid lime in Karnataka.  

In India, the establishment of C. montrouzieri was first reported from Karnataka feeding on Araucaria 

scale, Eriococcus araucariae Mask., mealybugs, Pulvinaria psidii Mask., P. maxima Green., and 
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Pseudococcus spp. infesting guava, mango, mulberry etc. (Puttarudriah et al., 1952). Also reported that the 

activity of C. montrouzieri was found throughout the year in various stages on scale infested Araucaria 

pines. Later, Mani and Krishnamoorthy (1990) found its peak population from August to September in 

guava orchards infested with P. citri, Ferrisia virgata and P. lilacinus infested pomegranate orchards and 

a very low population from March to May in P. citri infested guava orchards Mani (1994). According to 

Puttarudraiah and Channabasavanna (1953), the grubs were known to prey on Pseudococcus sp. infesting 

guava, mango, cotton, etc. S. coccivora completed its development on M. hirsutus in about 20-23 days and 

the longevity for adult males and females were 60.5 and 68.7 days, respectively. The coccinellids Hyperaspis 

maindronii, S. severini Weise., and Cacoxenus perspicaux Knab were found to feed on P. lilacinus. Among 

them, only C. montrouzieri was found to be more efficient in clearing the mealybug population. Five species 

of coccinellids viz., Coccinella septempunctata, C. transversalis, Cheilomenes sexmaculata, Brumoides 

suturalis and Propylea dissecta were found to be associated with Aphis affinis in Uttar Pradesh. According 

to Mahendran (2003) the coccinellids, Pharoscymnus horni Weise and S. fuscatus Boheman were found to 

feed on aphids, scales, mealy bugs and whiteflies in Uttar Pradesh. The lady beetles Cycloneda sanguinea 

L. and Harmonia axyridis Pallas were found to prey on a range of soft bodied insect pests in Florida such 

as the brown citrus aphid, Toxoptera citricida (Kirkaldy) (Michaud, 1999). 

Distribution of Lady Bird Beetles 

The occurrence of different species of agriculturally important coccinellids in various geographical regions 

of the world are presented in Table 1. 

Table 1. Agriculturally Important Lady bird beetle distribution in the world: 

Name of the Species Country 

C. montrouzieri Italy 

C. montrouzieri East Guizhow and China 

Scymnus subvillosus (Goeze) 

S. syriacus (Marseul) 

Arab 

S. suturalis Canada 

S. lateomaculatus Motsch Rajshahi 

S. tachengius spp Nov.  

S. pallipes 

China 

Conclusion 

Eco-friendly approach in pest management is one of the alternatives to combat the problems due to the ill 

effects of chemical pesticides. The coccinellid predators are indigenous and are able to feed all stages of 

coccids and aphids. As an inventory on the species complex of coccinellids with its prey is a vital component, 

it is essential to identify the locally adapted, dominant, virulent species which can be promoted as 

promising candidate predator for the management of mealybugs attacking important fruit crops. 
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Introduction 

India is the second largest producer of cereals after China. During 2017-18, the country produced 284.83 

million tonnes of food grains from 127.56 million hectares of area. Large variety of cereal are grown in 

India, Rice, Wheat, Maize, Sorghum, Pearl millet, Barley and oat are the major ones. Although cereals are 

grown throughout of the country, the major cereal growing states are, West Bengal, UP, Karnataka, 

Rajasthan, Punjab, MP and Gujarat. Cereals are rich source of carbohydrate, essential amino acid and 

small amount of protein. Over the last decayed the production of cereal increase about 9.72 million tonnes 

per annum. 

The word silicon is derived from the Latin wordsilex, meaning Flint. The word was originally used to denote 

any hard rock or stone. Silicon was first isolated and described as an element in 1824 by Jons Jacob 

Berzelius. It constitutes 27.7 % of the total weight in soil after the oxygen (46.6 %). Silicon is also known 

as a Ballast element.  Its content in soil varies from <1 to 45 % by dry weight.  The traditional practice of 

collecting the ashes from the back yard of houses supplies not only potash but also silicon. Silicon is an 

Agronomically important fertilizer element that enhances plant tolerance to abiotic stresses. 

Silicon improved photosynthetic activity and ultrastructure of cells in cereals crop and reduced electrolyte 

leakage in the leaves enhancing the plant growth at high salinity. Si is categorized as beneficial element 

in plant biology. It is unquestionably an important requirement for the normal growth of many plants and 

must be called as “Quasi essential”. It maintains the plant water status under saline conditions. It reduces 

uptake of Na+ by improving K+: Na+ and also alleviates the heavy metal toxicity. 

Silicon Containing Minerals 

Important silicates minerals include the clays, feldspar, olivine, pyroxene, amphiboles, micas and zeolites. 

In compounds, silicon dioxide occurs both in crystalline minerals (e.g. quartz, cristobalite) and amorphous 

minerals (e.g. agate, opal, chalcedony) in all land areas. In soil solutions, silicon is found mostly in the form 

of silicic acid. In plants, silicon is found mostly as silicon dioxide.  

Sources of Silicon 

Si source Chemical formula Si content (%) 

Salicic acid H4SiO4 29 

Calcium silicate slag – 18–21 

Calcium silicate CaSiO3 24 

Potassium silicate K2SiO3 18 

Sodium silicate Na2SiO3 23 

Quartz sand (fine grind) SiO2 46 

Diagrammatic Representation of Silicon Cycle in Soil 
Factor Affecting Si Availability: 

1. Types of Soil and Parent Material: Soil availability and Si-supplying power vary with soil types, 

depending mainly on the type of parent materials, weathering and eluviation and illuviation. Soils derived 

from granite, quartz and peat are prone to Si deficiency, while those developed from basalt and volcanic 

ash are Si sufficient. 

2. Soil Eh: Soil Eh is one of the most important factors that influence the solubility of soil Si. Flooding 

results in soil reduction, lowering soil Eh and normally leading to an increase in soil-available Si 

concentration. 
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3. Soil Texture: Many studies have shown that soils with light or sandy texture are usually deficient in 

available Si and thus have low Si-supplying power, while those with heavy or clayey texture are Si 

sufficient. 

4. Soil pH: Si concentration in soil solution may low when pH value decreases from 7 to 2. The highest 

concentration is observed at pH 8–9. 

5. Organic Matter:  So far, contrasting results on the effects of soil organic matter on Si availability have 

been reported. Most of the authors agree that soil available Si content is positively correlated with soil 

organic matter content. 

Silicon in Soil 
Si content and its availability in soil depend greatly upon soil-forming processes and consequently soil 

types. Si is mainly present in soils including various categories of alumino silicates and quartz (SiO2), which 

may account for up to 75–95 % of soil inorganic constituents. Except organic soils (Histosols), most mineral 

soils are composed of sands (largely SiO2), various crystalline forms of primary and secondary minerals. 

Monosilicic acid or orthosilicic acid is the only form of water-soluble Si, while poly-silicic acid (polymerized 

silicic acid) is only partially water soluble in soil. Water-soluble Si is present in soil solution and can be 

adsorbed on the surfaces of inorganic, organic and organic–inorganic colloids in soils such as soil clays, soil 

organic matter and organic–inorganic complex. 

Silicon in Plant 

Concentration of silicon in plants on the basis of dry weight varies between 0.1-10%. High concentration in 

monocot plant than dicot. Concentration of silicon in a plant varies from organ to organ and accumulate 

higher in mature leaves. Monosilicic acid or Orthosilicic acid is the Si forms that are absorbed by plants 

root. 

Its level increased from: legumes<fruits<vegetables<grasses<cereals. 

Silicon Uptake 

Active Si Accumulator Passive Si Accumulator Si Rejective 

Wheat Cucumber Tomato 

Rice Melon Sunflower 

Barley Strawberry Gerbera 

Sugarcane Soybean Geranium 

Maize Oats 
 

Silicon Deficiency Symptoms 

1. Leaves and culms become soft and droopy thus increasing mutual shading. 

2. Reduces photosynthetic activity. 

3. Severe Si deficiency reduces the number of panicles/m2 and the number of filled spikelets/ panicle. 

4. Si-deficient plants are particularly susceptible to lodging. 

5. Si deficient plants are more susceptible to severe pest – disease attack. 

Corrective Measures 

1. For more rapid correction of Si deficiency, granular silicate fertilizers should be applied: Calcium silicate 

120-200 Kg/ha, Potassium silicate 40-60 Kg/ha. 

2. In the long term, Si deficiency is prevented by not removing the straw from the field following harvest. 

Recycle rice straw (5-6% Si) and rice husks (10% Si) 

3. Avoid applying excessive amounts of N fertilizer, which increases yield and total uptake of N and Si, but 

also decreases the Si concentration in straw because of excessive biomass growth. 

Plant Diseases Suppressed by Silicon 

Plant Disease Pathogen 

Rice Brown leaf spot Helminthosporiumoryza 

Leaf and neck blast Magnoporthagrisea 
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Grain discoloration Fusarium, Biolaris 

Wheat Powdery mildew Septorianodorum 

Barley Powdery mildew Erysiphegraminis 

Plant Insects and Pests Suppressed by Silicon 

Plant Pest Scientific Name 

Rice Stem borer Scirpophagainterculus 

Green leaf hopper Nephotettixvirenses 

Brown plant hopper Nilaparvatalugens 

Wheat Green bug Scizaphisgraminum 

Red flour beetle Triboliumcastaneum 

Sorghum Green bug Scizaphisgraminum 

Maize Borer Sesamiacalamistis 

Conclusion 

From foregoing discussion, it can be concluded that the application of silicon from different sources 

significantly increased growth & yield attributes, nutrient content and their uptake in various cereal crops 

like rice, wheat, maize, sorghum, barley, pearl millet and oat. Application of silicon through foliar spray 

during reproductive stages gave better results in terms of growth and yield of cereal than other growth 

stage. Silicon application may also give hardening to plant and prevent the plant from lodging as well as 

reduce salt stress in plant. 
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Article 

Scientific Name of Mahaneen is Ailanthus excelsa also known as Maharukh or Ardu in hindi and belongs 

to family Simarubiaceae. Ailanthus is known as Tree of Heaven. 

Distribution 

Ailanthus excelsa is considered a native of the Indian peninsula, but occurs throughout the tropical and 

subtropical regions of India, especially in the dry districts of Gujarat, Rajasthan, Haryana, Punjab, Uttar 

Pradesh, Bihar, Orissa and the Deccan plateau. It is not found in the high rainfall regions of the West 

Coast.  

Physiognomy 

It is a large deciduous tree, attains a height of 18-24 m. Bark is light grey and smooth in young trees, with 

large conspicuous leaf scars, rough, granular and greyish brown in older ones. Leaves are pinnately 

compound, up to 1m long, with 8-14 pairs of leaflets and an unpleasant smell when crushed. In seedlings 

and saplings imparipinnate leaves are the rule for the first three or four years, after which the terminal 

leaflet becomes reduced in size or is represented by a mere prolongation of the rachis and finally the typical 

abruptly paripinnate leaves are formed about the fourth or fifth season. The fruit is a red one-seeded 

samara 5-7.5 cm long and 1.2-1.5 cm wide, prominently veined, acute at both ends and twisted at the base; 

about 9 to 10 fruits weigh one g. The fruit being winged is adapted for dissemination by wind. 

Phenology 

The panicles of small yellowish flowers appear in February - March and the fruits ripen in May - June. Old 

leaves fall during February and new ones appear in March - April. In Central India, flowers appear during 

February and March and in the North during April. 

Silvicultural Characters 

It is a strong light demander and is susceptible to frost and prolonged drought, though poles and trees are 

resistant. It coppices well and produces root suckers freely. It is very susceptible to water-logging and wind 

break.  

Climate and Soil 
It grows well in semi-arid and semi moist regions, both in the plains and the hills. In Rajasthan, it grows 

in areas with an average annual rainfall of 400 mm. It avoids moist areas with high monsoon rainfall. The 

average mean temperature is about 10 o C and maximum about 30oe. Average annual temperature is above 

27°e. Though it can grow on a wide variety of soils, it thrives best on porous sandy loams. It avoids clay 

with poor drainage and waterlogged areas. It can be grown on shallow dry soils but growth is poor. 

Nursery Techniques 

For maximum viability and vigour, fruits are collected when the colour of the pericarp changes from 

yellowish brown to brown. The samaras are dried in the sun. These lose their viability in about four months. 

Nicked samaras are kept in wet gunnies for 48 hours. At the end of storage sprouted samaras are separated 

and sown in polybags. By this method, the number of empty containers is considerably minimized. Samaras 

number about 9600 in a kg. Germination takes about 5-12 days and is completed in about 30 days. The 

radical and plumule emerge through the winged covering, the cotyledons being carried up and the testa 
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usually left inside the fruit. The hypocotyl arches somewhat at first, soon straightening. The cotyledons 

usually persist for about 2-3 months after which they turn yellow and fall. 

Planting 

Nine-month-old seedlings are planted at a spacing of 5 x 5m. Seedling growth is fairly fast attaining a 

height of 0.2, 0.6, 2.4 and 4.2 m at the end of first, second, third and fourth growing seasons respectively. 

Utilization 

A ten-year-old tree approximately yields 50-75 tonnes of match wood. The wood is soft, white, very light 

but fairly strong and easy to saw. It is used for match splints, packing cases, fishing catamarans and floats. 

It is also used for commercial plywood. The wood is perishable in the open but not under water. It is grown 

as shade and avenue tree in hotter parts of India. It yields an inferior type of gum. Its bark and gum are of 

medicinal value. Leaves are highly palatable and nutritious fodder for sheep and goats; and extensively 

used in Rajasthan. The green fodder yield is 500-700 kg twice a year. The chemical composition of the 

leaves shows that the leaves are rich in crude protein, ether extract and calcium but poor in phosphorus 

when dry or when chaffed with twigs. The crude fibre content is also low. Green leaves are considered 

highly palatable and animals relish them more than dry leaves even when the latter are treated with 

molasses. Digestibility coefficients are fairly high for all nutrients except ether extract whose digestion 

from leaves in the ruminants is low. 
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Introduction 

1. Agriculture is the prime enterprise in India.  

2. About 75 percent of farm families belong to small and marginal farmers.  

3. Per capita land availability is reducing drastically in India with fast increase in population. 

4. Agriculture production has become almost stagnant due to improper agriculture practices coupled with 

heavy reliance on agrochemicals. 

To secure self-sufficiency in food supply, it is of immense importance to explore new technologies for 

enhancing agriculture productivity. “Precision Farming” may prove to be the potential alternative to the 

conventional farming in achieving food security. 

What is Precision Farming? 

1. Precision’s farming (PF) aims at optimizing profitability and protecting environment through efficient 

use of inputs based on temporal and spatial variability of soils and crops. 

2. Both sensor based and satellite image-based technologies have been developed and are being promoted 

in the developed world. 

3. The economic analysis of the adoption of precision farming have indicated marginal profitability to 

already existing Best Management Practices (BMPs) and higher productivity levels. 

4. In view of the wide gap between the potential and actual yield levels in the developing world necessitates 

for promoting PF to achieve the intended benefits. 

Objectives 

1. To increase production efficiency. 

2. To improve quality of produce. 

3. To ensure efficient use of inputs and energy conservation. 

Why Precision Farming? 

1. Decline of soil fertility 

2. Soil Salinization  

3. Soil erosion 

4. Indiscriminate use of pesticide and irrigation 

5. Imbalanced fertilization 

6. Poor sustainability of agricultural land. 

7. To achieve potential yield levels. 

Precision Farming v/s Traditional Farming 

S. No.  Precision farming  Traditional farming  

1. Farm field is broken into “management zones”  Whole field approach where field is 

treated as a homogeneous area 

2. Management decisions are based on 

requirements of each zone 

Decisions are based on field averages  

 

3. PF tools (e.g., GPS/GIS) are used to control zone  Inputs are applied uniformly across a field  

Basic Components in Precision Farming 

1. Assessing variability (AV). 
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2. Managing variability. 

Assessing Variability (AV) 
In precision farming, inputs are to be applied in accordance with the existing variability. Therefore, 

assessing the in-field variability is very crucial and first step of precision farming. 

Managing Variability 

After assessing spatial variability, these precision farming practices aims at managing the variability by 

applying and making farm inputs available only in require quantities at particular time and specific 

location. 

Major Component Technologies Used for Assessing Variability 

1. Global Positioning System (GPS) 

2. Geographical Information System (GIS) 

3. Remote Sensing (RS)  

4. Yield Monitoring (YM) 

5. Leaf Color Chart (LCC) and Chlorophyll meter. 

Global Positioning System (GPS) 

This is the satellite-based information received by a mobile field instrument sensitive to the transmitting 

frequency. GPS is a network of satellite that is designed to identify any location in the field and to 

determine their current positional location in latitude and longitude with high precision to assess the 

spatial variability and site-specific application of the input.  

The value of knowing a precise location within inches is that: 

1. Locations of soil samples and laboratory results can be compared to a soil map, 

2. Fertilizer and pesticides can be prescribed to fit soil properties (clay and organic matter content) and soil 

condition (relief and drainage) 

3. Tillage adjustment can be made as one finds various condition across the field, and 

4. One can monitor and record yield data as one goes the field. 

The global positioning system technology provides accurate positioning system necessary for field 

implementation of variable rat technology (VRT). The internet makes possible the development of a 

mechanism for effective farm management using remote sensing. 

Geographical Information System (GIS) 
The GIS is a system of computer hardware, software and procedure designed to capture, store and update, 

manipulate, analyze and display in a map like form. GIS contains base maps such as topography, soil type, 

N, P, K and other nutrient levels, weed and pest intensity maps, soil moisture, pH, etc. Data on crop 

rotations, tillage, nutrient and pesticide applications, yields, etc. can also be stored. 

Remote Sensing 

1. Remote sensing is a tool for collection, processing and analysis of data to extract information from earth 

surface without coming in to physical contact with it.  

2. Satellites used in Remote sensing- RRS-IA, RRS-IIB, RRS-IIIC, for agriculture purpose. Now a day’s 

resource satellite (IRS-P6) is used.  

3. RS helps in detection and measurement of photons of different energies emitting from different objects.  

4. It is a key to detect changes and locating ground positions. RS monitor spatial variability over time. 

Yield Monitor 

1. Yield monitor are crop yield measuring devices installed in harvesting equipments.  

2. The yield data from the monitor is recorded and stored at regular interval along with positional data 

received from the GIS unit. 

3. GIS software takes the yield data and produce yield map. 
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Leaf Colour Chart 

Asian farmers generally apply fertilizer N in a series of split applications, but the number of splits, amount 

of N applied per split, and the time of applications vary substantially. The apparent flexibility of farmers 

in adjusting the time and amount of fertilizer application offers potential to synchronize N application with 

the real-time demand of the crop. Leaf color charts (LCC) offer substantial opportunities for farmers to 

estimate plant nitrogen (N) demand in real time for efficient fertilizer use and high yields. 

Chlorophyll Meter 

1. Improve nutrient management. 

2. Study the performance and effect of fertilizer. 

3. Detect and study environmental stressors. 

4. Checking the nutritional condition of plants. 

Major Component Technologies Used for Managing Variability 

1. Land leveling. 

2. Variable Rate Technology (VRT). 

3. Planting. 

4. Nutrient management. 

5. Water management. 

6. Weed management. 

7. Pest and disease management. 

Constraints 

1. Small land holding and poor economic condition  

2. Knowledge and technological gap 

3. High cost and limited availability of PF equipment. 

4. Illiteracy of farmers. 

Steps to be Taken for Implementing Precision Farming in India 

1. Creation of multidisciplinary teams. 

2. Land consolidation. 

3. Human Resource Development. 

4. Transfer of Technology. 

Conclusion 

It is concluded that with decreasing land availability precision farming is the only option with us to meet 

ever increasing food demands. Different components of farming are precisely clubbed together and 

transform it to a tool of precision farming which helps in reducing cost of production, enable optimum use 

of inputs through site- specific application, better farm management, increase profit and protect 

environment. 
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Introduction 

Animals that feed on plant tissues or plant products are often called herbivores.  Herbivory is the act of 

eating plants occurs above and below the ground may eat any part of the plant above the soil including 

leaves, stems, fruits and any part of the plant below the soil including roots and tubers. 

Importance of Herbivores 

1. Increases nutrient uptake and production by plants.  

2. Increases in contributions to plant litter and nutrient pool in soils. 

3. Increases in the quality of leaf litter and soil.  

4. Improved conditions for plant growth.  

5. Improved conditions for plant growth.  

6. Increase in the chances of successful seedling growth. 

7. Increased protection from further herbivory after initial plant damage. 

8. Control of plant populations, especially weed species. 

How do Herbivores Deal with Plant Defences? 

Plants have many external structures such as leaves, stems, flower parts, roots, fruits and seeds. Each of 

these structures may vary in form between plant species. Herbivores have characteristics that allow them 

to access these structures. These include: 

1. Appendages such as claws, spines or suckers that allow them to cling to vertical or inverted surfaces. 

2. Wings to reach the top of the highest plants. 

3. Modified legs for digging, to access roots. 

4. Saw-like (e.g., sawfly ovipositor), piercing (e.g., wasp ovipositor, tube-like mouthparts) or cutting tools 

(e.g., chewing mouthparts of beetles) that allow access to internal structures. 

Types of Herbivores 

1. Frugivores only eat fruit such as Grey headed flying foxes 

2. Folivores are animals feed only on leaves such as caterpillars 

3. Nectivorous bats, birds and insects suck on nectar. 

4. Granivorous insects and birds much on seeds 

5. Pollinivorous insects prefer pollen. 

6. Xylophages animals feed wood exclusively such as termites. 

Insect Herbivores 

Herbivore applies not only to insects that, injure a plant by chewing leaves or sucking sap but also to more 

benign species who only collect pollen, nectar or plant resins. Half of all living insects are herbivores. 

Phytophagous insects comprise 43% of all insects. Fossil evidence, orthopteroid herbivory began in the 

carboniferous period. Plant-feeders include moths, butterflies, weevils’ beetles, gall wasps, leaf-mining 

flies, plant bugs etc. Primarily angiosperms are the host plants for all due to their biomass and species 

dominance. About10-25% of tropical foliage, 25% deciduous forests in temperate region and 10- 75% of 

grassland is consumed by insects. 

Table1. Number of herbivore species in different orders: 

Insect order  Total no of species  Herbivorous  

Coleoptera  349000  122000 (35%)  
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Lepidoptera  119000  119000 (100%)  

Diptera  119000  35700 (30%)  

Hymenoptera  95000  10500 (11%)  

Hemiptera  59000  53000 (91%)  

Orthoptera  20000  19900 (100%)  

Thysanoptera  5000  4500 (90%)  

Phasmida  2000  2000 (100%)  

Cyclical Pattern of Feeding Behaviour of Insect 

 
Plate.1. Cyclical pattern of feeding behaviour 

Insect herbivores often have a cyclical pattern of feeding behaviour.  After an initial phase of attraction to 

the host plant, appropriate tactile (touch) and olfactory (odour) cues trigger the impulse to take a first 

bite.  Additional gustatory (taste) stimuli must be present in order for continued feeding to occur.  After a 

bout of feeding is complete, the insect may leave the host plant to engage in other activities. 

Effects of Insect Herbivory on Plant Performance 

Chronic insect herbivory is highly significant negative effect on plant survival, growth, flowering, seed set 

and successional. 

1. Flowering: 10-100% and 80% in angiosperm and composite, respectively. 

2. Fruit production: 20% of conifers loss. 

3. Post dispersal seed mortality: Mainly by beetles, ants and soil dwelling insects 

4. Seedling mortality: Ex. psyllids reduced the growth rate of Ceanothus seedlings in California, affect 

competition with adenostoma seedlings. 

5. Defoliation: 5- 10% per year, higher in Eucalyptus Forest (15%) 

6. Competitive ability: Reduced plant vigour and competitive ability. 

7. Death rate of established plants: Depend on defoliation. 

Theories of Insect Herbivore and Plants 

1. World is green: The world is green hypothesis predicts that insect herbivores have little impact on the 

population densities of their host plants because predators and parasites keep them at low density. 

2. Enemy release: According to the enemy release hypothesis, introduced insect herbivores that lack 

natural enemies will reach high densities and limit populations of their food plants. 

3. Successful biological control results when introduced agents reach high densities and host plants cannot 

compensate for that feeding damage. 

4. According to the resource dependence hypothesis, plants in high nutrient conditions resist damage by 

biological control agents. The width of arrows indicates the strength of the interaction. 

Impact of Insect Herbivores on Rare Plant Populations 

1. Systematic assessment of the effects of herbivory on rare plant populations could advance successful 

conservation efforts for at-risk specie. Ex: an assessment could suggest the best timing for an intervention 

to mitigate insect herbivory. 
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2. Herbivory can pose a particular threat to rare plants that have narrow geographic ranges, restricted 

habitat preferences, small population sizes or low genetic diversity. Plant species might be rare because 

they suffer more insect attacks than do common congeners. Ex: seed production was lower and seed 

predation higher on the rare species, and one seed predator attacked seeds of only the rare plant species. 

3. Studying seed predation by a specialist and a generalist insect, found that predispersal seed loss from 

both seed predators was higher and varied more from year to year on the rare species of Euphorbia.    

4. The factors that cause plant species to be rare will need to be taken into consideration in conservation 

programs and unless for some reason insect herbivores become more common, it is unlikely that they will 

be a measured threat. 

Impact of Insect Herbivores on Forest Trees 

1. A healthy native insect population in a forest is an essential part of the forest ecosystem. Over millennia, 

insects and trees have co-evolved and thus native assemblages of trees and insects rarely eradicate each 

other today. Individual insects are actually quite fragile and sensitive to changes in their environment. To 

manage this, maintain them by having a very high rate of reproduction to compensate for high mortality 

rates.  

2. As forest conditions change, either from a disturbance process such as fire, landslide or hurricane or 

more subtle changes in climate such as milder winter temperatures, tree species may change their 

dominance across landscapes and insect populations will down. 

3. Many of the serious agricultural pests are introduced species and invasive insects can have massive 

effects on populations of native trees, resulting in dramatic changes to forest communities. 

Insect Herbivore Effects on Forest Ecosystem Services 

1. Herbivory conspicuously removes foliage or other plant parts and often kills trees at foliage losses >90% 

for conifers and after multiple complete defoliation for deciduous trees 

2. Low-to-moderate levels of herbivory can increase long-term plant production in forests, compared to 

production in the absence of herbivory 

3. Herbivory typically is focused on less-efficient and less-defended foliage, often resulting from superfluous 

foliage production, allowing plants to reallocate resources to more productive foliage 

4. Documented a significant 50% increase in photosynthetic rate by remaining leaves of red oak, Quercus 

rubra L., seedlings from which 80% foliage area was clipped, relative to leaves of unclipped seedlings. 

5. Severe outbreaks may increase the vulnerability of weakened plants to other insect species. 

Conclusion 

Insect feeding damage is usually considered to be a negative influence on individual plants and plant 

populations. However, in some situations, insect attack can be a positive influence on the host over time 

that is through enhancement of nutrient cycling and promotion of plant succession. In this manner, insect 

herbivores can be beneficial to populations of their food plants and to the diversity of plants in communities. 

Insect herbivores can influence rare plant species and need to be considered in conservation programs. Due 

to changes in the environmental conditions, the distribution of insect herbivores may be a new influence 

on plant populations. The influences of insect herbivores are not consistent however and are likely to be 

context-dependent. 
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Article 

The fast-growing capability has made poplar attractive to the forest products industry and to the 

agricultural producers. The industry takes poplar as an alternative source of wood fibre for plywood, paper 

and other timber-based products. Farmers take poplar-based agroforestry system as an economically viable 

option for crop diversification than the natural resource depleting traditional wheat rice rotation. In 

addition to fast growing nature, its other qualities such as winter deciduous nature, straight bowl, narrow 

crown, compatibility with agricultural crops, amenability to cultural and management practices have made 

this tree one of the best options for agroforestry. 

The soil type and irrigation facility are two important factors that help in deciding the site for poplar 

plantation. Poplar requires loam to sandy loam, deep fertile and well-drained soil with neutral pH. It does 

not grow well on saline, alkali, water logged and heavy clay soils. Frequent irrigation is required for the 

optimum growth of trees. Growing of poplars as a short rotation woody crop involves intensive management 

more similar to agriculture. 

Important Aspects of Tree and Crop Management are 

1. Selection of appropriate planting material: Success of any program depends on the selection of 

planting material. It becomes more important in forestry due to long gestation period normally involved in 

forestry species. Plants can either be purchased from the nurseries of State Forest Department, Haryana 

Agricultural University or from well-established private nurseries. Cuttings in the nursery should be made 

from one-year-old plants and not from side branches of mature trees that often result in poor growth in 

field.  

2. Tree planting: 

a. Spacing: Trees can be planted on field boundaries or in a block. The spacing and choice of 

planting depends on the size of land holding, management practices and objectives of farmer. For 

small or marginal farmers preferring boundary plantation, trees should preferably be planted in 

north – south row direction at a distance of 2.5–3 m. This row direction will minimize the shade 

effect of trees on adjoining crops. Farmers generally follow 5 x 4 m spacing for block plantation that 

accommodates about 200 plants per acre. It is recommended to increase distance between rows (8 

m) and decrease distance with in rows (2.5 m) accommodating same number (200) of plants per unit 

area but significantly increasing area for intercropping. In this 8 x 2.5 m spacing, the wider strip (8 

m) should be used for growing crops and it should be in north-south row direction. 

b. Planting technique: Prepare the pits of 15 –25 cm diameter with the help of auger or boki (used 

for boring water pump) up to depth about 100 cm. Plant one-year-old ETPs (entire transplants) in 

January – February before the rise of temperature. It is recommended to keep the ETPs with bare 

roots in running water for at least 48 hours to promote root buds. Before planting, treat the ETPs 

(bottom 1m) with Chlorpyriphos 20-EC (500 ml in 100 L water) and Emisan-6 (250 g in 100 L water) 

for 10 minutes each separately. After planting, fill the pits with topsoil mixed with 50 g urea and 85 

g DAP (or 85 g urea and 250 g SSP) to promote root development. The loose soil in the pit should be 

properly compacted so that no air space is left. Do not fill the pits up to ground level so as to help 

retain some water in pit. The plants should be watered immediately after planting. 

3. Pruning: In the first year, debudding is done after rainy season to remove newly formed buds. This can 

be done by gently rubbing the stems with wet gunny bag up to lower one-third height of plant. Second year 
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onwards, pruning should be done during winter season when tree is leaf less. This is important to produce 

quality timber with large clear bole free from knots. Avoid excessive pruning as it negatively affects growth 

of plants. Main emphasis in pruning should be to prune thick and vertical branches that compete with the 

main stem. Bordeaux paste (2 kg Copper sulphate + 3 kg Lime + 25 L water) should be applied on cut ends 

to avoid infection by pathogens. 

4. Intercropping: Intercropping is the practice of planting crops in the rows between trees. This gives 

farmers the benefit of annually producing an income – generating crop in the poplar plantation while they 

continue growing the trees for 6-8 years. Trees and crops compete for both above ground (light) and below 

ground (moisture, nutrients) resources. Trees being a dominant component suppress the growth of 

underneath crops. Thus, proper tree and crop management is required to make the system sustainable and 

economically viable. The intensity of shade increases with the each passing year as the trees become older, 

so one has to select appropriate shade tolerant crops. Further to minimize the above and below ground 

competition, regular pruning and cultural practices (irrigation, fertilization, etc.) need to be followed. 

Selection of Crops 

1. All the rabi and kharif crops can be grown successfully under poplar plantations during the first three 

years except paddy (Table 1). 

2. In sugarcane growing regions, farmers can economically grow sugarcane in the poplar plantations for 

the first two years. 

3. Inter-cultivation of turmeric for the first four years is also profitable. 

4. Where mentha processing plant is available, mentha can be successfully grown with poplar for initial 2-

3 years. 

5. During kharif season, for the first 3-4 years of plantation, various fodders like sorghum, cowpea and 

bajra can be grown successfully. 

6. Poplar being winter deciduous tree, almost all rabi crops like wheat, mustard, potato, oats, berseem, etc. 

can be raised throughout the tree rotation. 

7. Wheat is one of the most profitable crops that can be grown successfully right from planting till 

harvesting of the poplars. 

8. Wheat varieties PBW 725, PBW 677 and WH 1105 perform well intermixed in poplar plantations. Even 

more than 60 per cent of sole crop yield of wheat can be produced in poplar plantation of six-year age. For 

obtaining better grain yield of wheat under poplar, sow these wheat varieties in the first fortnight of 

November. Delayed sowing significantly reduces the grain yield as it coincides with the poplar leaf fall that 

hinders seed emergence. 

9. Application of 25 per cent higher seed rate and nitrogenous fertilizer to the intercropped wheat is 

advisable for obtaining higher grain yield in later years and promotes growth of poplar than the 

recommended practices for sole wheat. 

Table 1. Crops that could be successfully grown under different aged poplar: 

Year Kharif Rabi Annual 

1 Mentha, Moong, Maize, Sorghum, 

Arvi 

Wheat, Mustard, Potato, Marigold Turmeric, 

Sugarcane 

2 Mentha, Moong, Bajra, Sorghum, 

Cowpea, Arvi 

Wheat, Mustard, Berseem, Oats, 

Potato, Marigold 

Turmeric, 

Sugarcane 

3 Bajra, Cowpea, Arvi Wheat, Mustard, Berseem, Oats, 

Potato, Marigold 

Turmeric 

4-6 Not economical to grow crops Wheat, Mustard, Berseem, Oats, 

Potato 

- 

In an agroforestry system, the competition among different components is high and it often leads to 

reduction of crop yield as compared to crop grown in open. 

The percent yield reduction of crops often increases with the age of trees and the monetary losses in terms 

of crop yield are often compensated from the sale of wood at end of rotation. Timber yield from 6-year poplar 

block plantation varies from 80-110 q/acre/yr depending on the management practices followed by different 

growers. 
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Irrigation 

Poplar being fast growing tree, requires lot of water especially during growing season from April-October. 

During first year, after transplanting more frequent irrigation (once a week) is required. Subsequently, 

irrigate fortnightly during October-February and at 7-10 days interval during March-June. Trees are 

usually provided irrigation as per the requirement of crops. Sometimes trees suffer badly for the want of 

irrigation especially during growing season. Common example of this is wheat ripening and harvesting 

stage. For proper irrigation, each row of poplar trees should have an independent channel throughout the 

rotation age. The intercrops should be grown in the area between two such rows. The growth parameters 

of trees in channels are higher than those without channels. This way trees are saved from any water stress 

during wheat maturity period (April). 

Harvesting 

The trees are ready to harvest when they attain a girth of about 90 cm. Trees on farm boundaries attain 

this girth early as compared to trees in block plantation. Thus, poplar-based agroforestry system is 

economically viable and could be adopted as one of the viable options of crop diversification. Caution is that 

this system is economically viable only under appropriate site conditions and with execution of proper 

cultural and management practices. 
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Athalakkai (Momordica tuberosa Cogn.,) has been used in various Asian traditional medicine systems for 

a long time. The plant is traditionally used for the treatment of diabetes mellitus, rheumatism, ulcer, skin 

disease, and diarrhoea. The fruit of this plant have been reported to possess hypoglycaemic, hypolipidemic, 

cardio protective, hepatoprotective, nephroprotective and antioxidant properties. Fruits are used as 

vegetable and are highly bitter due to the presence of bitter substances Cucurbitacins. Fruits are rich in 

citric acid, maleic acid and vitamin C. 

Composition Quantity (100 g of edible portion) 

Water 84.30 g 

Energy 3.00 kcal 

Carbohydrates 12.60 g  

Dietary fibre 6.42 g 

Protein 2.15 g 

Vitamin C 290.0 mg 

Betacarotene 0.01 mg 

Calcium 72 mg 

Iron 1.70 mg 

Potassium 500 mg 

Sodium 40 mg 

Zinc  2.82 mg 

Cu 0.18 mg 

Mn 0.32 mg 

Phosphorus 0.46 mg 

Origin 

Athalakai originating in tropical regions of India and South East Asia.  

Other Names 

Karchikai (Kannada) or Athalakkai (Tamil) or Kasarakayee (Andra Pradesh) and Kakrol (India). 

Botany 

The plant is a climbing annual or perennial herb with slender, scandent, branched, striate stem. The leaves 

is orbicular-reniform in outline, deeply cordate at the base, obtusely lobed with five-seven lobes. Flowers 

are unisexual. The male flower peduncle is 5-30 mm long, filiform, puberulaus, ebracteate with 2-5 flowers 

in racemes with a pale-yellow corolla and two stamens for each flower. The female flower is solitary on a 

peduncle of 28 mm length. The fruits are 20-25 mm long, pyriform with 8 sharp ridges, 24 mm x 15mm 

attenuated at the apex and with the base narrowed into the curved peduncle, which is fleshy, dark green 

and ribbed. The seeds are 4.6 mm long, ovoid shaped, smooth and shiny. The roots are woody, tuberous and 

perennial. The plant is allowed to grow along bunds (boundary of fields), fences and even in the fields for 

the sake of fruits. However, no regular cultivation is practiced. A limited number of perennial tubers 

survive. 

Soil and Climate 

Being a hardy crop, it can be grown in different kinds of soil, however, sandy soil rich in organic matter 

with provision of good drainage are considered ideal. Optimum soil pH should be 6 to 7. It is a warm season 

crop. Ideal temperature for growth of vine is 25-30°C. The crop requires high humidity for prolific growth.  
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It can successfully be raised in area where average rainfall is 150-250 cm. Plants of spine gourd undergo 

dormant conditions during winter months. 

Seeds and Sowing 

Spine gourd is propagated by seed as well as by vegetative means. About 5kg of seeds is required to sow in 

one hectare of land. Sow the seeds at 2-3 per pit at a spacing of 2m between rows and 70-80 cm between 

plants during January-February as summer vegetable and June-July as rainy vegetable in plains and 

during February-March in hills. However, seed propagation seldom withheld due to dormancy, long 

juvenile period and 1:1 ratio of male and female plants. Seeds of spine gourd rest in dormant conditions for 

5-6 months.  

Tuberous roots do not have dormancy and plants raised through tubers are healthy. Tubers of 80-120 g 

with 2 buds obtained from 2- 3 years old plants are used for planting. Terminal cuttings from female plants 

are also used for planting. 

Before planting, field should be deeply ploughed 3-4 times and thereafter harrowing is done to remove the 

pieces of perennial weeds. Channels are formed at a spacing of 2m. in the channel pits of 45 cm3 are dug 

at a spacing of 70-80cm. the pits are filled with FYM and top soil before sowing. 

Manures and Fertilizers 

20-25tonnes of FYM per hectare are mixed in soil at the time of field preparation. During March- April, 20-

30 g urea per plant is applied and the same amount is repeated at the time of fruit formation. A quantity 

of 120: 80: 80 kg of N, P and K per hectare is recommended for higher yield and fruit size. Half dose of N 

along with full dose of P and K are applied as basal and remaining half dose of N is applied as top dressing 

at the time of flowering. 

Intercultural Operation and Training 

Irrigate the field immediately after planting. During summer months, frequent watering is desired. In 

rainy season, proper drainage should be given as plant is quite sensitive to waterlogged conditions. During 

early stage of vine growth, 2-3 hand weeding is essential to reduce the weed population. Crop of spine 

gourds does well on bushes or hedges. For staking of the vines, pandal may be erected at height of 4-5 feet. 

Training normally started when the vine grows to a length of 30 cm. 

Plant Growth Regulators 

Foliar application of AgN03 @ 400 ppm on female plant at pre-flowering stage induced 70-90 per cent 

hermaphrodite flowers. 

Harvesting and Yield 

The fruits take 25-27 days to reach maturity. Marketable fruits are obtained 12 days after fruit set. Green 

fruits at proper stage of maturity should be harvested. Delay in harvesting causes yellowing of fruits. 

Colour of the pedicel, pericarp and spine remain green until 12-13 days after flowering and thereafter the 

colour changes. Pedicel colour, spine colour, specific gravity, respiration rate, chlorophyll content and dry 

weight are the suitable maturity indices of spine gourd. Harvesting is done at frequent interval. A good 

green yield can be harvested every year and up to 5-6 years from same tubers/plants. A good crop of spine 

gourd yields 75-100 quintals fruit per hectare. 

Diseases 

Anthracnose (Colletotrichum legenarium): High humidity and warm conditions are favourable for 

wide spread of this disease. Light brown spots appear on the leaves which later turn to deep brown. The 

lesions are dotted with pink conidia in moist condition. 

a. Treat the seed with Carbendazime @ 2.5 g/kg.  

b. Spray Indofil M-45 (0.35%) or Benomyl or Carbendazime (0.1%) at 10 days intervals.  

c. Soak seeds in 0.1% mercuric chloride solutions for five minutes. 
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Downy mildew (Pseudopernospora cubensis): Yellow, more or less angular spots appear on the upper 

surface of the leaves with white-purplish spores appear on lower surface of the leaves. The disease spreads 

rapidly killing the plant quickly through rapid defoliation. 

a. Spray Dithane M-45 or Z-78(0.2%) on under surface of leaves.  

b. Crop rotation and sanitation reduces the severity of the disease.  

Powdery mildew (Sphaerotheca fuliginea): White to dirty gray spots or patches appears on leaves 

which become white powdery as they enlarge. A white powdery coat of fungal growth appears on the leaf 

surface, generally on upper surface but sometimes also on lower surface and on stem. The affected leaves 

become yellow and later on fall down. The vines do not set fruits properly. Powdery coating covers entire 

vine plant parts and causes defoliation. 

a. Fortnightly spray Karathane (0.5%) or Calixin (0.05%) or Carbendazim (0.1%). 

Angular leaf spot (Pseudomonas syringae pv. Lachrymans): It is a bacterial disease where angular 

brown spots appear on the leaves as first symptom. The centre of such spot-on leaves later dry and fall out 

giving ragged appearance. Spot on fruits is circular which crack open to exude amber coloured liquid 

containing bacteria that subsequently infect the fruits and cause severe rotting. 

a. Treat the seeds with 0.01% streptocycline solution for 30 minutes. 

b. Spray the crop with 0.01% streptocycline or Agrimycin-100 immediately after the appearance of 

the disease. 

Mosaic 

This viral disease is transmitted through sap and by vector aphids (Myzus persicae), white fly and red 

Pumpkin beetle. In infected plants, the younger leaves unfold very late show complete chlorosis following 

by green vein banding. Vegetative growth, flowering and productivity are also adversely affected. Severely 

affected vines do not set fruit. 

a. Cultivate tolerant/ resistant varieties.  

b. Avoid cropping during mosaic prone season and areas. 

c. Spray Metasystox or Rogor or Dimecron or Monochrotophos @ 1.5-2 ml/litre of water at 10-15 days 

intervals. 
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Introduction 

Agriculture is the backbone of many developing countries. A country to develop it as to improve its 

agricultural sector by increasing the production and to meet the food demand of growing population a 

greater number of fertilizers are being added to the soil that is polluting the soil health. The use efficiency 

of the fertilizers is decreasing due to various losses like leaching, vitalization, fixation etc. Hence nano 

fertilizers can be used to mitigate the above drawbacks. Dr Tarafdar pioneered nano fertilisers in India 

and for the first time in the world developed biosynthesis process to make nano fertilisers.  

Nanoparticle are Delivered in Three Ways 

1. Encapsulated by nano materials like multiwalled nano carbon tubes 

2. Coated with a thin protective film like, waxes, polymers and sulphur. 

3. Delivered as emulsions or nanoparticles like zinc oxide nano fertilizers, nano iron oxide nanoparticles 

etc. 

Important Properties of Nano Fertilizers which Facilitate Higher Nutrient Use 

Efficiency 

1. Particles size of nano fertilizers is less than 100 nm which facilitates more penetration of nano particles 

in to the plant from applied surface such as soil or leaves. 

2. They have high solubility in water. 

3. They are highly reactive, ecofriendly, releases the nutrient slowly and reduces the environmental 

pollution. 

4. Nano sized formulation of mineral micronutrients may improve solubility and dispersion of insoluble 

nutrients in soil, reduce soil absorption and fixation, leaching losses and increase the bio-availability 

(Hamid and Varkeshi, 2014). 

5. Nanostructured formulation might increase fertilizer efficiency and uptake ratio of the soil nutrients in 

crop production, and save fertilizer resource (Abasalt et al., 2015). 

Nano Fertilisers are More Beneficial as Compared to Chemical Fertilizers 

1. Three-times increase in Nutrient Use Efficiency (NUE) 

2. 80-100 times less requirement to chemical fertilizers 

3. 10 times more stress tolerant by the crops 

4. Eco-friendly  

5. Improves soil aggregation  

6. Moisture retention  

7. Carbon build-up. 

Fate of Nanoparticles in Soil 
1. The uptake, translocation and accumulation of nanoparticles depend on the plant species, age, growing 

environment and physicochemical property, and modes of delivery of nanoparticles. 

2. The entry of nanoparticles through the cell wall depends on the pore diameter of the cell wall (5–20 nm).  

3. Nanoparticles or nanoparticle aggregates have diameter less than the pore size of plant cell wall. 

4. Functionalized nanoparticles facilitate the enlargement of pore size or induction of new cell wall pore to 

enhance the uptake of nanoparticles.  
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5. Several reports have discussed the uptake of nanoparticles into plant cell via binding to carrier proteins 

through aquaporin, ion channels or endocytosis 

6. Nanoparticles can also be transported into the plant by forming complexes with membrane transporters 

or root exudates 

Various other studies reported that nanoparticles could enter through stomata or the base of trichome in 

leaf. 

Advantages of Nano Fertilizers 

1. Reduced loss of nutrients 

2. Higher nutrient use efficiency  

3. Reduced cost and increased productivity 

4. Improvement in soil aggregation, moisture retention and carbon build up 

5. The yield per hectare is also much higher than conventional fertilizers, thus giving higher returns to the 

farmers. 

Disadvantages 

1. Nanoparticles can enter into the food chain. 

2. Sub-molecular nanoparticles could damage beneficial soil microbes and the digestive system of 

earthworms. 

3. Lack of technical data regarding toxic level of nanoparticles. 

Conclusion 

Nanotechnology is still a growing science. Nano fertilizer in future are going to replace conventional 

fertilizers which will reduce the cost of fertilizer for crop production, minimize the pollution hazard and 

also use efficiency of fertilizer inputs can be enhanced. 
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Summary 

Leafy green vegetables are among nature’s best nutrition supplements, they come packed with iron, 

calcium, vitamins, antioxidants and fibre, and are vital components of a healthy, balanced diet. These 

vegetables play important role in food and nutritional security.  There are certain plants, whose major 

economic part is not the leaves. They cannot be called as leafy vegetables; but their leaves are also edible 

in addition to other major economic part. For convenience, they are grouped in to vegetables, tree fruit 

crops, oil crops, ornamental crops, fibre crops, tuber crop and weeds. 

 

 

Introduction 

Vegetables are the integral part of human diet, we eat vegetables in the form of fruits like in tomato, 

cucumber, capsicum, pumpkin etc, roots in case of carrot, radish, turnip, pods of peas, winged bean, French 

bean and many more. But sometimes leaves of some non-leafy vegetables are used as vegetables. There are 

many of the secondary plant parts are edible. The edible leaves and stem tips of sweet potato vines are well 

known in many parts of the world. Often considered a poor man’s food, sweet potato foliage has a rich 

protein content that helps supplement the nutritional value of the roots. Here is in detail information about 

vegetables of which we can use the leaves of it.  

Roselle: The plant is otherwise known as GOGU. Calyx is the major edible part. The leave and tender 

shoots of Hibiscus sabdariffa are also used as greens. The crop belongs to Malvaceae. Leaves have a slight 

acidic taste. The tender leaves and stems are ground with green chilli and salt to prepare chutney. 

Beet root/ Beet Greens: Beet (Beta vulgaris) greens are leaves harvested from beet plants. Tender leaves 

and young plants are used as greens (pot- herbs). The leaves are cooked and used as a side dish. The leaves 

may be harvested as thinning from a young crop or as individual leaves from young plants. Leaves are of 

best quality when fully expanded or slightly earlier. Beet greens must be washed, graded and bunched to 

be sold commercially. Storage can be only for short periods. 
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Carrot: Carrot (Daucus carrota) leaves are said to be eaten in many countries and can be used as a good 

source of extraction of leaf protein 

Radish: Radish (Raphanus sativus) is grown for its young tender tuberous roots and leaves, which are 

eaten raw as salads or cooked as vegetables. The juice of fresh leaves is useful as diuretic and laxative. The 

leaves of radish are a good source for the extraction of protein on a commercial scale. 

Turnip: The young leaves, which contain high amount of ascorbic acid, iron and rank second in vitamin A 

are used as greens. 

Knol khol: The major edible part is a swollen stem called tuber or knob. In some parts of India, particularly 

in Kashmir, its leaves are also used as greens. In Europe too, leaves of early cultivars are used for human 

consumption. Leaves are also used in the preparation of soups. 

Chick pea / Bengal gram: An erect or spreading much branched annual herb (Cicer arietinum) 30-50 cm 

in height, covered all over with glandular hairs, which are rich in oxalic and malic acid that impart a sour 

taste to leaves and fruits. The tender shoots and leaves are used as vegetables. They are prepared as 

spinach, boiled in soups and curries or fried with spices. The leaves have medicinal properties also. They 

are astringent and useful against bronchitis. 

Cowpea: Cowpea is grown throughout India for its long green pods as vegetable, seeds as pulse and foliage 

as vegetable and fodder. 

Grass Pea: Lathyrus sativus is a much-branched sub erect annual, found throughout India as a weed and 

cultivated for pulse and fodder especially in Northern, Central and Western India up to 1200m. The leaves 

of this plant are eaten as pot-herb. 

Hairy lare / Tiny vetch: Vicia hirsuta is cultivated as a pulse and fodder. It occurs as a weed in wheat 

fields, but not very harmful. The leaves are eaten as pot- herb. 

Winged bean: Tender leaves of Psophocarpus tetragonolobus are also eaten as vegetable and contain 6-

15% protein. Leaves are used as fried or boiled vegetable in Papua New Guinea, eaten raw or cooked as 

stews in Indonesia and Malaysia. The leaf infusion is used for treating eye and ear infections in Sumatra 

and Java, dyspepsia in East Java and leaf pastes for boils. 

Tamarind: Tamarind tree (Tamarindus indica) belonging to Fabaceae is one of the common and most 

important trees of India. Almost every part of it finds some use, but the most useful is the fruit. The tender 

leaves and young seedlings as such are eaten as vegetable. An infusion of the leaves is said to be cooling 

and useful in bilious fever. Poultice of the fresh leaves is applied to swellings and boils and for relieving 

pains. 

Pumpkin: It is an important cucurbitaceous vegetable extensively grown for immature and mature fruits. 

Young tender tops of shoots and leaves are cooked as vegetable. Young leaves are rich in carotene, a 

precursor of vitamin A. 

Conclusion 

These vegetables make an important component of a balanced diet. Eat them as you like -Chop them in 

your salads, add them to your smoothies, stuff them in your wraps and sandwiches or cook them with your 

favourite flavours, but don’t forget to consume them in some or the other way daily to keep your body 

healthy and glowing. Also, there is a scope for research to identify and explore the potential of edible leaves 

of indigenous and under-exploited plants for use as food and medicine. 
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Summary 

Fruits play an important role in balanced diet. These provide not only energy rich food but also provide 

vital protective nutrients/elements and vitamins. Comparatively fruits are the cheapest source of natural 

nutritive foods. Since most of Indians are vegetarians, the incorporation of horticulture produce in daily 

diet is essential for good health. With the growing awareness and inclination towards vegetarianism 

worldwide the horticulture crops are gaining tremendous importance. 

Introduction 

Fruits are universally promoted as healthy. Fruits has historically held a place in dietary guidance because 

of their concentrations of diverse compounds included vitamins, minerals, antioxidants. Additionally, fruits 

are recommended as a source of dietary fiber, phytochemicals, secondary metabolites that occur naturally 

in plants. 

Several non-communicable diseases (such as cancer, obesity, cardiovascular, cognitive, skin, eyes, lung, 

and bone diseases) can be prevented by regular consumption of fruits, based on the inverse relation between 

their consumption and the risk for developing the disease. Fruits are rich in fiber which is very essential 

for the smooth movement of the digestive system. 

There are some fruits that give body energy as they contain carbohydrates which are the main source of 

energy. Carbohydrates in fruits are mainly sugar which actually breaks down easily and make a quick 

source of energy. Fruits contain at least 90 to 95 percent water which is also an important nutrient. 

Basically, fruit benefits a healthy lifestyle by giving us carbohydrates, fiber and micro-nutrients which 

aids our bodies to function properly.  

Fruits give you more energy than sugar or sweets as they contain natural glucose and fructose. They also 

contain minerals, vitamins and nutrients that are useful for a healthy life. You can make amazing, mouth-

watering and delectable sweets, desserts and juices with fresh fruits. They are easy to cook and digest 

easily. Some of the popular and healthy fruits that can be consumed in your everyday meal 

are apples, banana, grapefruit, mango, orange, strawberry, guava, papaya, sweet lime etc. 

 

Importance and Functions of Fruits in Human Body 

1. Fruits and vegetables provide palatability, taste, improves appetite and provides fiber thereby the 

constipation can be overcome. 

2. They neutralize the acids produced during digestion of proteins and fatty acids.  

3. They improve the general immunity of human body against diseases, deficiencies etc.  

4. They are the important source of vitamins and minerals for used in several bio-chemical reactions occur 

in body. 

Fruits provide higher energy value per unit area compared to cereals. Some of the essential nutrients 

provided by different fruits are: 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/secondary-metabolite
https://www.vahrehvah.com/indianfood/dry-fruits-chutney
https://www.vahrehvah.com/dry-fruits-chutney
https://www.vahrehvah.com/indianfood/get-fresh-this-spring-best-7-fruits-to-enjoy
https://www.vahrehvah.com/indianfood/importance-of-fruits-for-healthy-life
https://www.vahrehvah.com/baked-banana-peppers
https://www.vahrehvah.com/baked-mango-cheesecake
https://www.vahrehvah.com/grilled-chicken-with-lemon-and-orange
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Table 2. Importance of Fruits in human diet: 

Sr. 

No. 

Nutrients Functions in human body Fruits/ Source 

1. Vitamin – B1 

(Thiamine) 

1. Essential for the maintain s of good 

appetite and normal digestion.  

2. Necessary for growth, fertility, lactation 

and for normal functioning of nervous 

system.  

3. Deficiency causes beri-beri, paralysis, loss 

the sensitivity of skin, enlargement of heart, 

loss of appetite and fall in body 

temperature. 

Walnut, Apricot, Apple, 

Banana, Grapefruit, 

Plum and Almond. 

2. Vitamin – B2 

(Riboflavin) 

1. Important for growth, health of skin and 

for respiration in poorly vascularised tissue 

such as the cornea.  

2. Deficiency causes pellagra and alopecia, 

loss of appetite, loss of weight, sore throat, 

development of cataract, swollen nose and 

baldness. 

Bael, Papaya, Litchi, 

Pomegranate, Wood 

apple and Pineapple. 

3. Vitamin – C 

(Ascorbic acid) 

1. Deficiency causes scurvy, pain in joints, 

swelling of limbs, unhealthy gums, tooth 

decay, delay in wound healing and 

rheumatism. 

Barbados Cherry, Aonla, 

Guava, Lime, Lemon, 

Sweet oranges, Ber, 

Pineapple and Pear. 

4. Vitamin-A 
(Retinol) 

1. Essential for growth and reproduction. 2. 

Helps in resistance to infections, increases 

longevity and decreases senility. 3. 

Deficiency causes, night blindness, 

xeropthalmia, retardation in growth, 

roughness in skin, formation of stones in 

kidney 

 

Mango, Papaya, 

Persimon, Dates, Jack 

fruit, Walnut, Oranges, 

Passion fruit, Loquât etc. 

5. Calcium Causes Rickets, Osteomalacia Sitaphal, Ramphal, Fig, 

Phalsa, Citrus, Sapota, 

Grapes, West Indian 

Cherry etc. 

6.  Phosphorous  Essential for cell multiplication of bones and 

soft tissues. Helps in liberation of energy on 

oxidation of carbohydrates. 

Wood apple, Avocado, 

Dates, Pomegranate and 

Grape raisins. 

7. Iron  Act as oxygen carrier in the body. Karonda, Date palm, 

Grape raisins, West 

Indian Cherry, Guava, 

Sitaphal, Avocado, 

Sapota, plum etc. 

8. Proteins  Important for body growth, formation and 

maintenance of body tissues 

West Indian cherry, 

Avocado, Custrad Apple, 

Banana, Apricot, Guava, 

Grapes etc., 

Fruits are also a good source of enzymes which are helpful in metabolic activities leading to proper digestion 

of food. Eg. Jamun and Papaya.  

a. All fruits have one or the other medicinal value.  

b. They should be eaten in adequate quantity.  

c. Regular consumption of fruits reduces obesity, maintain health and increase the longevity of life.  

d. Fruits are attractive in appearance, delicious in taste and easily digestible. 

https://www.healthlinkbc.ca/health-topics/str15675#str15675-sec
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Conclusion 

In order to make optimum use of the nutritional content of fruits, it is important as the consumption of 

adequate amounts of fruits in regular diet. They reduced the risk of nutrient deficiency, cardiovascular 

diseases, cancer and other nutritional health risks. 
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Introduction 

Honey bees live in a well-organized manner in a colony. They are capable of founding a new nest, providing 

a high degree of brood care, communicating among themselves, producing different castes which perform 

different duties on the basis of division of labour. Different castes are dependent upon each other and bees 

work for the benefit of the colony as a whole and never for the individual welfare. The worker bees, in the 

act of stinging even die/ sacrifices for the defence of the colony. A colony of honey bees is composed of three 

castes. The queen, a few hundred drones and thousands of worker bees (Table 1) which may be recognized 

by their morphological differences. 

  

  

 Queen           Worker           Drone 

Table 1: Morphological differentiation in different castes of honey bees (A. mellifera): 

Character Queen  Worker Drone 

Body size Largest and broader 

than worker 

Smallest of the three 

castes 

Longer than workers but 

shorter than queen bee. 

Broadest of all castes stoutly 

built. 

Wing Abdomen being longer 

wings do not cover it 

fully leaving distal hub 

naked. 

Abdomen fully covered 

by wings 

Abdomen fully covered by 

wings 

Head Small in proportion to 

the body size.  

Large in proportion to 

the body size 

Largest in proportion to body 

size. 
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Abdomen Shining brown in colour 

and gradually tapering. 

Abdomen with slight 

golden and black strips. 

Tip of the abdomen 

conical. 

Tip of the abdomen blunt round 

and hairy. 

Compound 

eyes 

Medium sized and well 

apart 

Medium sized and well 

apart. 

Large black kidney shaped 

meeting with each other at the 

top of the head 

Proboscis  

Pollen basket   

Sting 

 

Not well developed  

Absent 

Curved with very small 

barbs used for stinging 

only the rival queen. 

Sting can be retracted 

after use 

Well, developed 

Present 

Well-developed sting 

used for colony defence. 

Sting gets detached off 

the body of the worker 

after the act of stinging. 

Not well developed 

Absent 

Absent 

Division of Labour 

Division of labour among the occupants of a honeybee colony is achieved by function of different castes and 

the age-dependant-physiological development of worker bees. Queen bee is the single functional female and 

mother of the colony. Her sole function is to lay eggs. It lacks motherly instinct to rear the young ones. 

Queen can lay 1500-2000 eggs per day at its peak. Drone bees are male bees. Their only function is to mate 

with virgin queen bee. During off season they are expelled out of the colony. Worker bees are females with 

underdeveloped reproductive system. All other tasks for the well-being of the colony are performed by them 

depending upon their age as detailed below. 

Age Dependent Duties of Worker Bees 

1. Indoor duties up to (first 3 weeks of the life): 

Cell cleaning  : Upto 3rd day 

Nurse bee : 4th -6th day (feed and nurse the older larvae)  

7th – 13th day (Produce royal jelly and feed and nurse the 

young larvae) 

Orientation play flights : 13th day 

Helper and Comb builder : 14th – 17th day (clean the hive, pack pollen, ripen the honey, 

produce bees wax, build combs and use propolis inside the hive 

to plug cracks and crevices) 

Guard bee : 18th-20th day (bees guard the hive entrance against the entry 

of robbers and other bee enemies etc.) 

2. Outdoor duties (Remaining three weeks of life): 

Foragers Bees older than 21 days are responsible for 

collection, of nectar, pollen, water and propolis etc. 

from the paturage. 

 However, there is a flexibility in the working of 

worker bees. If due to some reason or the other a 

specific working class declines or dwindles, bees of 

other age group can take up their work. 

Conclusion 

Bee differences could be known by beekeepers fully and using different strains can be a powerful tool at 

the beekeeper’s disposal. There is no “best” strain of bee, as the traits favored by one beekeeper may differ 

significantly from another’s preference. Thus, it is the need of the hour for every scientific beekeeper to 

experience the characteristics of the different bee strains as a first hand is mandate. 
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The Internet of Things (IoT) is about linking "dumb" things to each other and the internet to making them 

"smart." It allows physical objects to be sensed and controlled from afar, allowing for closer integration of 

the physical world and computer-based systems. 

The Internet of Things (IoT) allows sensors-equipped devices to connect and communicate with one another 

over the internet. Pumps, sheds, tractors, weather stations, and laptops are just a few examples of items 

that may be watched and handled in real time from afar. 

Data is at the basis of the Internet of Things. Data is becoming increasingly important as our world becomes 

more technologically connected. Farmers can use data from gadgets to make better decisions, helping them 

to farm smarter and safer while also reacting to changing conditions faster. 

How is IoT Integrated in Agriculture? 

Agriculture uses IoT to gain insights and monitor farms by utilising robots, drones, sensors, and computer 

imaging combined with analytical tools. The installation of physical equipment on farms monitors and 

collects data, which is then analysed. 

Smart farming, which is based on IoT technology, allows growers and farmers to decrease waste and 

increase production in a variety of ways, from the amount of fertiliser used to the number of trips made by 

farm vehicles, as well as the effective use of resources like water and power.  

IoT smart farming solutions are a system that uses sensors to monitor the crop field and automate the 

irrigation system (light, humidity, temperature, soil moisture, crop health, and so on). Farmers can keep 

an eye on their fields from anywhere. They can also choose between manual and automated solutions for 

taking appropriate data-driven actions. 

 

With the exponential growth of world population, according to the UN Food and Agriculture Organization, 

with the world needing to produce 70% more food by 2050, dwindling agricultural lands, and finite natural 

resources depleting, the need to improve farm production has become important. The problem has been 

exacerbated by a lack of natural resources such as fresh water and arable land, as well as declining yield 
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patterns in key staple crops. The changing structure of the agricultural labour is another hindering worry 

for the farming industry. Furthermore, agricultural work has decreased in the majority of countries. The 

adoption of internet connectivity solutions in farming techniques has been triggered as a result of the 

declining agricultural workforce, in order to lessen the demand for physical labour. 

Connecting Physical Resources on Farms to the Internet Promotes 

1. Agricultural conditions and infrastructure may be monitored remotely, saving time and labour on routine 

farm checks. 

2. Data analytics can help manufacturers make better decisions. 

3. Faster and faster insights from real-time data across the value chain, allowing farmers to respond to 

market demands more quickly. 

4. Efficiency in how we produce food to ensure less wastage, faster time to market, and improved 

traceability to show our customers that our food is safe and sustainable. 

IoT have the Potential to Transform Agriculture in Many Aspects and these are the 

Main Ones 

1. Data acquired by smart agriculture sensors: Sensors, control systems, robots, autonomous vehicles, 

automated hardware, variable rate technology, motion detectors, button cameras, and wearable gadgets 

are all important components in this approach to farm management. This information can be used to track 

the overall state of the company, as well as employee performance and equipment efficiency. The ability to 

predict production output provides for improved product distribution planning. 

2. Agricultural Drones: Drones, both ground and aerial, are utilized in agriculture to improve a variety 

of agricultural processes, including crop health assessment, irrigation, crop monitoring, crop spraying, 

planting, and soil and field analysis. Drone technology has given the agriculture industry a boost and 

makeover thanks to good strategy and planning based on real-time data. Drones equipped with thermal or 

multispectral sensors detect regions that require irrigation adjustments. Sensors detect the health of the 

crops and determine their vegetation index once they begin to grow. Smart drones eventually minimized 

the environmental impact. 

3. Geofencing and livestock tracking: Farm owners can use wireless IoT applications to collect 

information about their cattle's whereabouts, well-being, and health. This information aids in the 

prevention of disease transmission while also lowering labour expenditures. 

4. Smart Greenhouses: A smart greenhouse built with IoT monitors and manages the climate 

intelligently, removing the need for manual intervention. 

5. Smart farming with predictive analytics: Crop prediction is important because it aids the farmer in 

making future decisions about crop production, storage, marketing tactics, and risk management. Artificial 

networks are used to predict crop output rates using data received from farm sensors. Parameters such as 

soil, temperature, pressure, rainfall, and humidity are included in this data. Farmers can use the 

dashboard or a tailored mobile application to acquire correct soil data. 

IoT enabled agriculture has helped implement modern technological solutions to time tested knowledge. 

Farmers have started to recognize the Internet of Things as a driving force for enhancing agricultural 

production at a low cost. 
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Introduction 

House flies are cosmopolitan in distribution. While Muscanebula is the tropical species commonly found in 

our houses, M.domesticais a temperate species found in the Himalayan regions in India, Europe and other 

temperate countries. Flies are a source of nuisance and great annoyance. No other single insect transmits 

as many diseases as house fly. These diseases are: typhoid, dysentery, cholera, TB, leprosy, trachoma, 

Anthrax, gonorrhoea and many helminthes such as Taeniasolium, Ascarislumbricodses, etc. It is a 

mechanical carrier of the germs of these diseases. 

Life Cycle 

1. Housefly lays eggs singly but the eggs are piled in small groups. Egg is white in color (1.2 mm long). 

Each female fly can lay up to 500 eggs in several batches of 75-150 eggs over a 3–4-day period. The eggs 

hatch within 24 hours.  

2. When the larvae (maggots) emerge from the egg they are transparent. They turn when they mature. 

Carrot-shaped (8-12 mm long), maggots have no legs (apodous and acephalous). The larvae go through 

three instars in 4-10 days. Creamy white full-grown maggots can crawl up to a distance of 150 feet in search 

of a dried, compact soil and transform to pupal stage. 

3. The dark brown (8 mm long) pupa is called a puparium. The emerging fly escapes from the pupal case 

through the use of an alternately swelling and shrinking sac called the ptilinum on the front of its head. 

The pupal period is 2-5 days.  

4. House fly completes its life cycle in 7-10 days and as many as 10-12 generations may occur in one season.  

5. Female is usually larger than the male (6-7 mm long). The sexes can be readily separated by noting the 

space between the eyes which in females is almost twice as broad as in males. Adults usually live for 15-25 

days. 

Breeding Sites 

Housefly lays eggs in cow, horse, pig, dog, poultry and human manure, garbage or decaying meat. They can 

readily breed in fresh and wet garbage but not in scattered, dry garbage. 

Management 

House fly elimination is accomplished through integrated pest management. 

Sanitation 

1. Elimination of breeding areas is vital, i.e., manure, garbage, night soil, wet straw, etc. 

2. Keep the premise clean without accumulation of breeding materials. 

3. Cover the accumulated manures on the farms with soil or polythene sheet or spread in thin layer and 

allowed to dry quickly to kill the eggs and larvae. 

4. Outdoor toilets should be dispended with or at least the excreta be covered with soil. 

Exclusion 

Provide windows with screens. Seal the cracks around windows and doors to prevent house flies from 

entering the hones/ buildings. 

Biological Control 
Parasitoids Muscidiforax raptor and Spalangiacameroni (Pteromalidae: Hymenoptera) are parasitic on 

house fly puparia. 
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Traps 

Traps are used in both indoors and outdoors. Black light traps are commonly used to attract and kill house 

flies. They collect the flies inside an inverted cone or kill them with an electrocuting grid. One trap should 

be placed for every 30 feet or wall inside buildings. 

Chemical Control 
1. Stretch a wine smeared with boiled resin and castor. Those flies that sit on the wine will die.  

2. Lime, crude oil, CuSO4, formaldehyde or borax could be liberally sprinkled on the breeding grounds to 

prevent egg laying. 

3. The penetration and distribution of the larvicide in a medium is often problematic; the natural predators 

of fly larvae can be killed if non-selective treatments are used; and insufficient concentrations of insecticide 

in the breeding media can favour the development of resistance.  

4. Insect growth regulators (diflubenzuron, cyromazine, pyriproxifen, triflumuron) are preferred for use as 

larvicides as they are chemically unrelated to adulticides.  

5. Baits are placed or applied on sites where adult flies congregate to feed, such as in and around livestock 

farms, dairies and food-handling establishments. Dry baits typically contain 5–20 g ai/kg (0.5–2%) in a 

carrier such as sugar or sugar plus sand, ground corncobs or crushed oyster shells. Liquid baits typically 

contain insecticide at 1–12.5 g ai/l (0.1–1.25% in ready-to-use spray solutions) and sugar at 100–112.5 g/l 

(10–11.25%) in water. Baits can contain special attractants such as fish-meal, fermenting yeast, cheese 

flavour or the house fly pheromone z-9-tricosene. The ai used in fly baits are spinosad (biopesticide), 

propoxur (carbamate), imidacloprid and thiamethoxam (neonicotinoids). 

6. Space treatment is the most effective method for rapidly reducing fly density inside and outside houses. 

Compounds containing pyrethrum, pyrethroids and kerosene (Finite) could be used inside the house while 

public places could be sprayed with 2 % malathion or 1 % dichlorvos or 2 % lindane.  

7. Insecticide-treated cords or strips can be hung from the rafters or ceilings of dwellings, restaurants, 

poultry farms or animal stables. The strips and cords are effective for 2–6 months, depending on the 

insecticide, dosage and hanging site. The insecticide (malathion, propoxur or pyrethroids) can be added to 

sugar or an attractant plus glue or oil to make a durable film. 

Conclusion 

Possibility of eliminating houseflies is through Integrated Pest Management approach and the solution for 

residue problem in the environment could be minimized through lesser usage of chemicals and greater 

usage of other management techniques keep our environment clean and hygienic. 
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Sheep are called as small ruminants. Sheep have small muzzle and split upper lip which helps them to 

nibble small blades of grass on pasture. Nowadays, extensive grazing is being practiced on marginal 

grasslands.  The animals will graze on crop stubbles, weeds and grasses on fallow as well as rangelands. 

Grazing meets the feeding requirement of these animals partially. When the nutrient supply is inadequate 

due to grazing, they can be supplemented with cultivated fodders, grains and oil cakes. 

Flushing 

Increasing the amount of feed to an animal for a short period of time, usually just prior to breeding. About 

two to three weeks before breeding season, the nutrition of sheep should be improved to increase the body 

weight of sheep. This brings the sheep into heat much earlier during the season which in turn produces 

early lambs. Flushing also increases the rate of giving birth to young ones and decreases the incidence of 

stillbirth in the flock. 

Feeding During Breeding Season 

The ration provided during flushing can be given during breeding season also. 

Feeding of Animals During Early and Mid-Pregnancy 

When feeding is inadequate during pregnancy period, weak or dead lambs will result. So proper feeding of 

animals during pregnancy period is must. The early and mid-pregnancy period is not very critical 

nutritionally. 

During this period, grazing can be done on good pasture. Grazing can be done on harvested fields along 

with dietary supplementation of oil cakes. Excess supplementation of maize fodder along with 50 grams of 

oil cakes can be given to animal per day. 

Feeding During Late Pregnancy 

The animals in late pregnancy period can be allowed to grazing on crop stubbles, grasses and weeds. In 

addition, their ration should be supplemented with available green fodder at the rate of 5 kg per head per 

day. 

They can also be fed with leguminous hay at around 500 to 600 grams along with 200 to 400 grams of 

concentrate during the late pregnancy. 

Feeding at the Time of Giving Birth 

As the time of giving birth comes closer, inclusion of grains in diet can be reduced and good quality dry 

roughage can be fed. After giving birth to young ones, the diet can be gradually increased in animals in 

divided doses. 

Generally, feeds that are bulk and that have laxative effects can be added in the diet first few days after 

parturition. Wheat bran along with any ingredient that is rich in energy can be included in equal proportion 

to the animals immediately after parturition (process of giving birth). 

Feeding of Lactating Animals 

The lactating animals can provide with good pasture to meet their requirements. When supplementary 

feeding is necessary, the diet for lactating animals should be formulated in such a way to maintain adequate 

milk production for rapid growth of young ones. 

If the animals are fed with cultivated green fodder, around 8 to 10 kg of fodder can be provided and around 

300 to 500 g of concentrate mixture can be fed to one animal per day. 
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Feeding of Young Animals 

Creep feeding: The creep is an enclosure in sheep pen having opening wide enough for lambs to pass in 

and the ewes are kept back. Creep feeding can be fed from 10 days of age and can be continued up to 90 

days of age (weaning). Maize- 40 parts, ground nut cake- 30 parts, wheat bran- 10 parts, de oiled rice bran- 

12 parts, molasses- 5 parts, mineral mixture-2 parts and salt- 1 part enriched with vitamins, minerals and 

feed supplements. 

The suckling young ones are dependent on their mother’s milk for meeting their nutritional requirements. 

After weaning (separation from mother at 3 months of age) they can be put on good quality pastures for 

grazing along with their mothers. 

If legume hay or good quality pasture is not available and if only poor roughage is fed their grain ration 

should be supplemented with a protein cum vitamin supplement with approximately 12 per cent digestible 

crude protein. The young ones can also be fed with small amount of concentrate mixture in addition to 

grazing. Up to six weeks of age, grains should be broken before feeding. 

Concentrate Mixtures 

Maize 30 parts 

Groundnut oil cake 20 parts 

Deoiled rice bran 40 parts 

Molasses 8 parts 

Mineral mixture 1 part 

Salt 1 part 

Feeding of Concentrates Per Day 

Body weight Concentrate 

mixture, g/day 

Roughage, g/day 8 hours of grazing 

can be substituted 

instead of roughage 12-15 kg 200 400 

15-25 kg 250 600 

25-35 kg 300 700 

Rearing System of Sheep 

Extensive system, semi-intensive system and intensive system. 

Extensive System of Rearing Sheep 

In this system, the sheep are kept on grassland; all the operations are in open place. Small shelters are 

made for young animals during extreme weather conditions.  The animals maintained can be routinely 

weighed to find out whether the sheep are receiving sufficient nutrients from grazing. 

Rotational grazing can be practised in which the pasture land is divided into several sections. The animals 

can be moved from one section to other section periodically. In this method, it is advisable to allow the 

lambs to graze first and then bring the other animals for grazing. 

Intensive System of Rearing Sheep 

In intensive system all the operations are confined in one place and animal movement is restricted. An 

intensive production system does not involve either grazing on crops or cultivated pastures at a very high 

stocking density or zero-grazing. 

Here the control of sheep by fencing is both difficult and expensive. Fences need to be at least 1.5m high 

and made of strong wire netting, closely placed wires or wooden rails. 

Semi Intensive System of Rearing Sheep 

In this system the sheep are confined during part of a day under roof and allowed to graze during day time. 

During confinement, concentrate feeding is done. Under semi-intensives system of rearing sheep, the 

animals are allowed to graze for 8 to 12 hours per day. 
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Common Tree Fodders for Sheep and Goat 

The common fodders relished by sheep are cowpea, berseem, lucerne, stylosanthus, sun hemp and grasses 

such as Cenchrus ciliaris, C. Setigerus. Among the tree leaves, there are more than 200 species of 

leguminous fodder which can act as potential feed resource.  The leguminous tree fodders contain relatively 

high amount of protein and minerals than the conventional small ruminant fodders, tree leaves are 

preferred. Most of the tree fodders were found to be palatable and highly digestible in small ruminants. 

The common tree fodders are Acacia, Ficus, Erythrina, glyricidia, Leucocephala, Prosopis, Sesbania, Neem, 

Tamarind, Oak, Mulberry. The dry matter content of the tree fodders varies from 20-40%. The crude protein 

content of the leaves varies from 10-15%, the protein changes due to seasonal variation. During monsoon 

season, good quality pastures are available and during summer these good quality pastures are not 

available. Hence, during this season supplementary concentrate feeding can be practiced for the better 

growth of sheep. 

Conclusion 

The small ruminants make an important contribution in the livelihood of poor farmers. Being major meat 

products, they are mostly relished by all classes of people. As these animals significantly contribute to the 

development of rural farmers, good management practices and better feeding management practices can 

make sheep farming a successful enterprise for poor farmers. 
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Introduction 

1. Viruses are non-cellular infectious agents and they can be only seen with the aid of electron microscope. 

Size ranges from 20 to 300 nm. They are 10 – 100 times smaller than most bacteria and they can pass 

through the pores of filters which do not permit the passage of most bacteria.  

2. They are obligate intracellular parasites. They can grow only in animal or plant cells or in 

microorganisms. They reproduce in these cells by replication. Viruses lack metabolic machinery of their 

own to generate energy or to synthesize proteins. They depend on host cells to carry out these vital 

functions. However, they have genetic information for replication and viruses also have information in their 

genes to use host cells energy generating and protein synthesizing systems.  

3. Viruses are small packets of genes. The viral genetic material is either DNA or RNA but the virus does 

not have the both. (Host cells have the both). The nucleic acid (polynucleotide) is enclosed in a highly 

specialized protein coat of varying design. The coat protects the genetic material when the virus is outside 

of any host cell and serves as a vehicle for entry into another specific host cell. The structurally complete 

mature and infectious virus is called the virion. 

4. Viruses may cause several diseases (plant, animal and human diseases). They are insensitive to broad 

range of available antibiotics as they are acellular. 

5. D. Iwanowski (1892) discovered that the tobacco mosaic disease was filterable. 

6. M. Beijerinck (1898) confirmed this work. W.Stanley (1935) has crystallized the TMV. 

Animal viruses were also discovered during the same period. The vaccines were developed against viral 

diseases such as polio, measles and mumps. Bacteriophages are the viruses that infect bacteria. They were 

independently discovered by FW Twort (1915, England) and Fd’ Herelle (1917 – Pasteur institute). 

(Bacteriophage means bacteria eater). Bacteriophage is a tool for viral research and genetic research. 

General Characteristics of Bacteriophages 

1. They are widely distributed in nature. 

2. Phages exist for most bacteria 

3. Like all viruses these are composed of nucleic acid core surrounded by a protein coat. 

4. They occur in different shapes. 

There are two types of phages a) Lytic (virulent) and b) Temperate (avirulent) phages. 

LYTIC (Virulent) Phages 

When lytic phages infect the bacteria, the bacteria respond by producing large number of viruses. At the 

end of the incubation period the host cell bursts or lyses, releasing new phages to infect other host cells. 

This is called a lytic cycle. Eg. T2 phage. 

Temperate Phages 

In the temperate type of infection, the results is not so readily apparent. The viral nucleic acid gets 

integrated with bacterial DNA and replicated in the hostbacterial cells from one generation to another 

without any cell lysis. 

However, temperate phages may spontaneously become virulent at some subsequent generation and lyse 

the host cells. Eg. Lambda (λ) phage. There are some filamentous phages which simply leakout of cells 

without killing them. 
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Structure and Morphological Types of Bacteriophages 

All phages have a nucleic acid core covered by a protein coat or capsid. The capsid is made up of 

morphological subunits, called capsomeres. Capsomeres are made of proteins known as protomers. The 

common morphological form of a phage consists of hexagonal head and a tail. The tail consists of contractile 

sheath, base plate and tail fibre. 
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Introduction 

Farm diversification is a way for socio-economic empowerment which helps the farmers to supplement their 

income by involving different farming activities. It can be regarded as the re-allocation of various 

productive resources such as farm equipment, land, capital etc. Farm diversification involves movement of 

resources from low value commodity mix to high value commodity mix. It focuses mainly on poultry, dairy, 

fisheries, sericulture, piggery, goat rearing, beekeeping, milk production, mushroom cultivation, 

horticulture, floriculture etc.  

Farming system approach helps in food security, poverty reduction, competitiveness and sustainability in 

production. An integrated farming system (IFS) is one which focuses on judicious combinations of any one 

or more of the enterprises and effective recycling of residue waste for better management of available 

resources. It helps small and marginal farmers to generate more income and provides employment for 

family laborer’s during off-seasons. 

Farm diversification is one of the strategies for sustained income generation and effective resource 

management. Mix of various enterprises would lead to subsistence farming thereby satisfying the 

individual needs as well overall economic development of the country. 

Meaning 

Diversification originated from the word “diverge”, which means to move or extend in a different direction 

from a common point. 

In the agricultural context, diversification can be regarded as the re-allocation of some of a farm's 

productive resources, such as land, capital, farm equipment and paid labour into new activities. (Brajesh 

Jha et. al., 2009). 

Definition 

Diversification encompasses business activities that are run on the farm or dependent on the farm-based 

land and capital assets.  

Farm Diversification as conventional agriculture differing over time and space.  

Diversification as “any activity, excluding mainstream agriculture and external employment by members 

of the farm family, which makes use of farm assets to generate additional income”. 

Need for Farm Diversification 

1. For farm diversification economic necessity is needed because farming is a rich asset but cash poor and 

diversity supports cash flow.  

2. Farm diversification is also needed for balancing the tradition with opportunity. 

3. Diversification is becoming an agricultural strategy to reduce the economic risk on farm. 

4. Farm diversification is needed for development of rural community. 

5. Employment generation opportunities for people who are living in rural areas. 

6. It is needed for ecological balance. 

7. It helpful in maintenance of output growth. 

8. Due to farm diversification there will be sustainable use of natural resources. 
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Similarly, there are many reasons for adoption of farm diversification such as market and price risk and 

also risks associated with existing crop-management practices, adverse changes like degradation of natural 

resources and environmental and socio-economic needs like attaining self-sufficiency in some crops etc. 

Importance of Farm Diversification 

Farm diversification is important not only for recycling and utilization of resources which are available in 

the farm, getting maximum possible returns and profits, but also to create adequate employment 

opportunities for landless agriculture labourers, to increase the productivity, improvement of potentiality 

or sustainability, for maintaining balanced food, environmental safety, adoption of new technology and 

saving energy. 

Components of Farm Diversification 

The components of farm diversification include fish farming, mushroom cultivation, apiculture, 

horticulture, dairy, poultry, goat rearing, sheep rearing, piggery, rabbittory, duckery, vermiculture, azolla 

farming, forestry, sericulture etc. 

Different Farming Systems 

There are different types of farming systems (Lavanya, 2009; Nath et. al., 2016).  

1. Agriculture + Livestock: Cultivation of crop along with rearing of cattle is known as agriculture + 

livestock farming system. 

2. Agriculture + Livestock + Poultry: Cultivation of crop along with rearing of cattle and hens is known 

as agriculture + livestock + poultry farming system. 

3. Agriculture + Horticulture + Poultry: Cultivation of crop along with cultivation of fruits or vegetables 

is known as agriculture + horticulture + poultry farming system 

4. Agriculture + Horticulture + Sericulture: Cultivation of crop along with cultivation of fruits or 

vegetables and also production of silk from silkworms is known as agriculture + horticulture + sericulture 

farming system. 

5. Agriculture + Pisciculture + Duckery + Poultry: Cultivation of crop along with rearing of fishes, 

ducks and hens is known as agriculture + pisciculture + duckery + poultry farming system. 

6. Agriculture + Silviculture: Cultivation of crop along with cultivation of tree is known as agriculture 

+ silviculture farming system. 

Impact of Farm Diversification 

1. Creation of non-agricultural income opportunities. 

2. Improvement of employment opportunities and farm women employment.  

3. Change in rural socio-economic conditions. 

4. Diversion of high-water requiring crops with less water requiring crops. 

5. To diversify agricultural production depend on a variety of factors such as training, extension etc. 

Constraints 

The constraints facing by famers to follow farm diversification are lack of technical support, Inability to 

concentrate all enterprises at a time, labour shortage, Lack of involvement from younger generation, 

Higher production cost, Heavy investment to start new enterprise, Poor access to infrastructure, Lack of 

fixed price for agricultural commodities, Disease management of livestock, Involvement of risk factor, 

Frustration due to failure of enterprises, Poor access to market, Fear of failure of mix of enterprises, Poor 

economic status and investment capacity, lack of organized agricultural market, due to infertile soil etc. 
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Transfer of Technology (TOT) Model for Farm Diversification 

 
Fig.1 Transfer of Technology (TOT) model for farm diversification 

Conclusion 

The conclusion of farm diversification economically includes sustainable incomes, subsidies, increase in 

efficiency, sustainable growth, investment prioritization etc. It economically integrates with socially which 

includes poverty alleviation, livelihoods / equity, access to clean water/health, provision of women 

empowerment, avoid migration of people from rural to urban areas etc. Instead of mono-cropping or 

traditional cropping practices, adoption of integrated farming system (IFS) by the resource-poor farmers 

could be of immense help in strengthening their net income as well as creating jobs, thus paving the way 

for sustainable family farming. Crops cultivated and other components in the IFS should be complementary 

so that the farming could be sustainable and profitable. In the limited resources, some rainfed pulse fodders 

like lucerne, cow pea, berseem should be cultivated, which will raise the soil fertility status and productivity 

of domesticated animals. It enhances nutritional security, net income and farm productivity of the small 

and marginal land holders, which eventually reduces poverty which leads to socioeconomic development of 

farm families. 
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Abstract 

All spiders are carnivores. Digestion of food is initially external, some spiders injecting a digestive enzyme 

into the prey, to their crunching up the prey first to expose the soft internal organs and then pouring 

digestive fluid onto it. They are introduced intentionally to control insect pests on rice farms in China.  

Spiders can devour about 10-15 insects a day depending upon their size. Spiders are an important biological 

control agent in managing the prey population especially in greenhouse crops and for organic farming. In 

agroecosystem spider works as a bioindicator i.e., it reveals the qualitative status of the environment. 

Introduction 

Spiders come under the order Araneae are basically air-breathing arthropods that have eight 

legs, chelicerae with fangs for the most part competent to infuse venom and spinnerets that 

expel silk. They are the biggest order of arachnids and rank seventh in total species diversity among 

all orders of organisms. Spiders are found worldwide on every continent except for Antarctica and have 

become established in nearly every habitat with the exceptions of air and sea colonization. As of November 

2021, 49’754 spider species in 129 families have been documented by taxonomists. 

External Features 

In the spiders, the head and thorax are fused to form the cephalothorax. The most noticeable feature of the 

upper side of the head is the eyes, normally eight. At front of the head are the jaws, which are chelicerae 

used to deliver spiders deadly bites. The sharp fang is used to perceive the exoskeleton of the prey. The 

true spiders can turn around 90⁰. The maxillae often have serrated edges used in the manipulation and 

breaking up of prey. 

Feeding 

All spiders are carnivores. The fangs are used to penetrate the exoskeleton of arthropods & poison is 

injected to immobilise & kill them. Digestion of food is initially external; some spiders inject a digestive 

enzyme into the prey. 

Silk Production 

All spiders can produce silk all through their lifetime. Only a small number of insects can fabricate silk at 

some stage for a certain period. Silk is secreted as a liquid through its spinnerets and it hardens when 

comes in contact with air.  Spiders use silk for a variety of purposes, such as making egg sacs, capturing 

and holding prey, making shelters or retreats and transferring sperm during mating.  

Classification of spider-based on prey capturing: 

1. Mygalomorph: Trapdoor spider- All kinds of crawling insects serve as prey.  

2. True spiders: 

a. Ambushing spiders- Includes crab spiders slow-moving squat-bodied perch in a flower.  

b. Hunting spiders – Are quick hunters. 

c. Lynx spiders – Sun lovers wandering & sharp-eyed hunters.  

d. Jumping spiders- They have the best vision, as the name suggests it jumps over the prey to attack 

and devour them. 

e. Pirate spiders – They have rows of spine-like hairs on their long front legs. 

3. Web building: They use silk to build different types of symmetrical as well as irregular webs to capture 

prey.  

https://en.wikipedia.org/wiki/Order_(biology)
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https://en.wikipedia.org/wiki/Spider_silk
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https://en.wikipedia.org/wiki/Habitat
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a. Hammock – make hammocks to capture prey. 

b. Sheet web spider- builds a horizontal tent-like web under rocks. 

c. Scaffold Web spiders- are considered threatened found in agricultural fields.  

d. Orb web spiders-Symmetrical orb webs of the Araneidae act as aerial traps for flying insects. 

e. Webcasting spider-stretches the net to two or three times its relaxed size and propel itself onto 

the prey, entangling it in the web.  

4. Bolas or Angular spiders: hunt by using a sticky 'capture blob' of silk. 

5. Spitting spiders: Catch their prey by spitting a fluid that congeals on contact into a venomous and 

sticky mass. 

6. Social Spiders: No. of different families have taken up a social way of life, enormous communal web. 

7. Commensal spiders: Using of prey caught by other spiders eg. Theridiid. 

Role of Spider in Crop Protection 

1. As Predators (These are free-living and require several preys to complete the life cycle. They tend to feed 

on preys smaller than themselves) spiders are dominant and the most common predators in the agricultural 

ecosystem.    

2. Moths and flies are also ensnared and eaten by spiders. 

3. Lycosid spider Pardosa pseudoannulata predates on Brown plant hopper i.e. Nilaparvata lugens (Stål) 

(Hemiptera: Delphacidae).  

4. They are introduced deliberately to control insect pests on rice farms in China for years.  

5. In apple orchards in Israel spiders are reported to feed on pests, they are found feeding on pests in fields 

in both North and South America also.  

6. The predatory potential of four oxyopid spider species (Peucetia viridana, O. birmanicus, O. salticus and 

P. latikae) were evaluated on major cotton pests [Aphis gossypii, Spodoptera litura (Fab.) and Leafhopper] 

maximum predation was recorded in P. viridana on key cotton pests. (Jeyaparvathi, S. et. al.2013).  

7. In the study, the predatory efficacy of five spiders in the cotton field was evaluated in laboratory 

conditions. Four key cotton pests viz. Bemisia tabaci, Amrasca devastans, Thrips tabaci and Helicoverpa 

armigera were revealed that each predatory spider utilized at least one pest species and killed more pests 

than consumed. Spiders keep pests below densities that cause unacceptable cotton losses. 

8. A faunistic survey was conducted to document the spider fauna from the vegetable fields of Pauni Chak, 

Jammu. Pardosa altitudis has the efficiency to be exploited successfully as a biocontrol agent for the 

management of the cabbage aphid populations in cruciferous vegetable ecosystems.  

9. Solanki (2015) surveyed predatory fauna in agriculture fields. Araneidae and Salticidae were found to 

be dominant families followed by Oxyopidae and Thomisidae. The maximum diversity of spiders was 

recorded from cornfields.  

10. Purse web spider Atypus affinis – It bites the insect’s nerve cord. 

11. Wandering active spider species were dominating among organic farms (Wirsig 1999).  

12. Upadhyay et al (2018) surveyed Crops, sub crops, and the surrounding environment in farms of 

Jabalpur and indicated the great diversity of spiders. Spiders of 28 species representing 17 genera under 

14 families were identified. 

13. Spiders being strictly carnivorous depend on pests only, never destruct the crops. The studies have 

shown that the predatory potential of spiders differed from 30 to 100% i.e., the feeding rate of the spider at 

different prey densities ranged from 1 to 3.05 tobacco caterpillars/day (Upadhyay et al 2020). 

Conclusion 

The overwhelming majority of spiders are harmless and are even beneficial to human endeavours. The 

usage of pesticides for the control of insect pests is both extensive and intensive. This created serious upset 

and imbalance in the arthropod complex and the environment causing resurgence, resistance and residues. 

So, to overcome such conditions spiders can serve as buffers that limit the exponential growth of pest 

populations in various ecosystems by virtue of their predatory potency in organic agriculture. Further 

research work is required in this field as spiders are the most neglected predators of agriculture in terms 

of scientific research work in Bharat. Studies on systematic identification of spiders in the different 

https://en.wikipedia.org/wiki/Spider_silk
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cropping systems, feeding prospective against various crop pests and their mass multiplication possibilities 

can make spiders the new frontier of crop protection. 
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Introduction 

The benefits of having an indoor or outdoor home garden cannot be overstated. They are the source of fresh, 

a place to get some peace of mind, a way to reconnect with nature, a hobby that can fill up the dull hours 

and most importantly, they are the instigators of healthy living. 

Plants absorb the carbon-dioxide around them during photosynthesis and release fresh oxygen. This 

process purifies the air and makes our home environment a much better and more positive space to live in. 

However, some plants are better at this process than others. So, to start a large outdoor garden or a mini 

green patch in indoor, the plants that highly release oxygen which are available in Mizoram are mentioned 

below. 

Sansevieria 

It is also called as snake plant because of the look and shape of its leaves, is a popular ornamental plant 

and they tend to release a right amount of oxygen during their metabolic processes, but sprouts make a 

useful part of indoor or outdoor garden spaces. An abundance of this plant will produce a healthy dose of 

revitalizing oxygen. 

 
Fig 1: Sanseviera 

Areca Palm 

Areca Palm not only keeps the air healthy, but it is also great to look at and can easily be part of ornamental 

plant collection at home. It cleans up large amounts of CO2 and stops the dispersal of unhealthy air 

particles like xylene and toluene. 

 
Fig 2: Areca Palm 
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Ferns 

Ferns not only add a luscious shiny green to a garden but they also clean up harmful particles in the air 

that come from substances like nail polishes and paints. 

 
Fig 3: Fern plant 

Pothos 

This plant cleans up the air inside of carbon-dioxide and formaldehyde. 

 
Fig 4: Golden pothos 

Orchids 

They develop beautiful flowers during the blooming season that can fill the house with lovely fragrances. 

Not only that but they are very easy to grow and require minimal care. They have two distinct health-

related benefits. Firstly, they get rid of xylene, which is an airborne pollutant and secondly, they tend to 

produce oxygen at night which makes them the perfect bedroom plants. 

 
Fig 5: Orchid 

Conclusion 

Having plants that replenish the oxygen at home is the secret of feeling truly relaxed and revitalized. 
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Summary 

Technology has redefined farming over the years and technological advances have affected the agriculture 

industry in more ways than one. Agriculture is the mainstay occupation in many countries worldwide and 

with rising population, which as per UN projections will increase from 7.5 billion to 9.7 billion in 20501, 

there will be more pressure on land as there will be only an extra 4% of land, which will come under 

cultivation by 2050. This means that farmers will have to do more with less. According to the same survey, 

the food production will have to increase by 60% to feed an additional two billion people. However, 

traditional methods are not enough to handle this huge demand. This is driving farmers and agro 

companies to find newer ways to increase production and reduce waste. As a result, Artificial Intelligence 

(AI) is steadily emerging as part of the agriculture industry’s technological evolution. The challenge is to 

increase the global food production by 50% by 2050 to feed an additional two billion people. AI-powered 

solutions will not only enable farmers to improve efficiencies but they will also improve quantity, quality 

and ensure faster go-to-market for crops (Jha et al., 2019). 

Use of Artificial Intelligence in Agriculture 

AI for intelligent spraying of chemicals – Brings in cost savings: Every day, farms produce 

thousands of data points on temperature, soil, usage of water, weather condition, etc. With the help of 

artificial intelligence and machine learning models, this data is leveraged in real-time for obtaining useful 

insights like choosing the right time to sow seeds, determining the crop choices, hybrid seed choices to 

generate more yields and the like. AI systems are helping to improve the overall harvest quality and 

accuracy – known as precision agriculture. AI technology helps in detecting disease in plants, pests and 

poor nutrition of farms. AI sensors can detect and target weeds and then decide which herbicide to apply 

within the region. This helps in reduced usage of herbicides and cost savings. Many technological 

companies developed robots, which use computer vision and artificial intelligence to monitor and precisely 

spray on weeds. These robots are able to eliminate 80% of the volume of the chemicals normally sprayed 

on the crops and bring down the expenditure of herbicide by 90%. These intelligent AI sprayers can 

drastically reduce the number of chemicals used in the fields and thus improve the quality of agricultural 

produce, and bring in cost efficiency (Ahirwar et al., 2019). 

Using AI-based robots for farm harvesting-Tackling the labor challenge: It is not the traditional 

farm worker but robotic machines that are capable of doing bulk harvesting with more accuracy and speed 

that are responsible for getting the produce on your kitchen table. These machines help improve the size 

of the yield and reduce waste from crops being left in the field. Many companies are working on improving 

agricultural efficiencies. There are products like autonomous strawberry-picking machine1 and a vacuum 

apparatus that can harvest mature apples from trees. These machines use sensor fusion, machine vision 

and artificial intelligence models to identify the location of the harvestable produce and help pick the right 

fruits. Agriculture is the second largest industry after Defense where service robots’ market has been 

deployed for professional use. The International Federation of Robotics estimates that as many as 25,000 

agricultural robots have been sold-matching the number used for military purposes. 

Using AI for Predictive Analytics – Enables Right Decision-Making 

Predicting the best time to sow: The difference between a profitable year and a failed harvest is just 

the timely information on a simple data point of timing of sowing the seed. To combat this, scientists of 

ICRISAT used a predictive analytics tool to arrive at a precise date for sowing the seeds to obtain maximum 

yield. It even gives insights on soil health and fertilizer recommendations in addition to a 7-day weather 

forecast. 
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Crop yield predictions and price forecasts: For many farmers, the biggest worry is the price 

fluctuation of the crop. Due to unstable prices, farmers are never able to plan a definite production pattern. 

This problem is highly prevalent in crops like tomatoes that have very limited shelf time. Companies are 

using satellite imagery and weather data to assess the acreage and monitor crop health on a real-time 

basis. With the help of technologies like big data, AI and machine learning, companies can detect pest and 

disease infestations, estimate the tomato output and yield, and forecast prices. They can guide the farmers 

and governments on the future price patterns, demand level, type of crop to sow for maximum benefit, 

pesticide usage etc. Innovative startups are using AI in the field of agriculture. A Berlin-based agricultural 

tech startup3developed a multi-lingual plant disease and pest diagnostic app, which uses various images 

of the plant to detect diseases; a smartphone collects the image that is matched with a server image and 

then a diagnosis of that particular disease is provided and applied to the crop using intelligent spraying 

technique. In this way, the application uses AI and ML to solve plant diseases. Over seven million farmers 

have downloaded this app and it has helped identify over 385 crop diseases among field crops, fruits, and 

vegetables (Jani et al., 2019). 

Conclusion 

AI systems are helping to improve the overall harvest quality and accuracy – known as precision 

agriculture. AI technology helps in detecting disease in plants, pests and poor nutrition of farms. AI sensors 

can detect and target weeds and then decide which herbicide to apply within the region. 

References 
1. Ahirwar, S., Swarnkar, R., Bhukya, S. and Namwade, G., 2019. Application of drone in agriculture. Int. J. Curr. Microbiol. 

App. Sci. 8(1), 2500–2505. 

2. Jani, K., Chaudhuri, M., Patel, H. and Shah, M., 2019. Machine learning in films: an approach towards automation in film 

censoring. J. Data. Inf. Manag. https://doi.org/ 10.1007/s42488-019-00016-9. 

3. Jha, K., Doshi, A., Patel, P. and Shah, M., 2019. A comprehensive review on automation in agriculture using artificial 

intelligence. Artificial Intelligence in Agriculture. 2, 1–12. 
  



 

 
Volume 3 - Issue 12 - December 2021       262 | P a g e  
 

Current Scenario and Opportunities in Poultry Meat 

Sectors - India 
Article ID: 35296 

Deepika Jamadar1, Vidyasagar2 
1Department of Livestock Product Technology, College of Veterinary Sciences, GADVASU, Ludhiana. 

2Assistant professor, Department of Livestock production and Management, Veterinary College, Bidar. 

 

 

Introduction 

India has the world's largest population of livestock which produces around 5.3 million Metric ton of Meat 

and 75 billion of eggs annually. India is the largest producer of buffalo meat and second largest producer 

of goat meat. Currently the processing levels in poultry meat are 6% and 21% for other animals’ meat.  Now 

a day’s government of India has taken steps for modernization of municipal abattoirs to provide safe and 

hygienic meat to consumers. Export oriented units have invested significantly in establishment of large 

abattoirs-cum-meat processing plants with the latest technology. In meat processing sectors various 

opportunities like Farm automation, abattoirs, logistics, processing and point of sale cold storage 

infrastructure are given the changing preference of Indian consumers for clean, safe and hygienic meat and 

meat products. 

Growth of Indian Poultry Industry 

Backyard poultry farming was practiced in earlier days by Christian Missionaries but Scientific Poultry 

keeping first advocated by Christian Missionaries. Organized effort to develop poultry in India was first 

started in 1957 when second five-year plan (1956-61) was launched. During which hybrid layer strains 

were first introduced. Period between IInd and IVth Five Year plan was turning point in the history of poultry 

industry in India during which various works has been developed with reference to poultry like. 

1. An All-India Poultry development Project was initiated by setting up of regional poultry farms at 

Bangalore, Mumbai, Bhubaneswar, Delhi and Shimla to acclimatize imported good quality stock under 

their respective agro-climatic conditions. (Mention in detail about year of establishment).  

2. Central Poultry Breeding Farms at Mumbai, Bhubaneswar, Chandigarh and Hessarghatta (Bangalore) 

- produced high egg producing strains and Chandigarh farm evolved fast growing broiler strains. 

3. Random Sample units at Hasserghatta, Mumbai Bhubaneswar and Gurgaon 

4. Central Training Institute for poultry production and Management at Hasserghatta - Imparted 

training 

5. All India Coordinated Research Projects on poultry breeding and poultry nutrition in number of 

research institutes including Agricultural and Veterinary Universities of the country 

6. NAFED –National Agricultural Co-operative Marketing Federation of India - marketing of egg 

and poultry meat at national and regional levels. 

Strengths / Achievements of Indian Poultry Industry 

1. It’s a fastest growing economy in the world  

2. Largest producer of several agri commodities  

3. Second largest Consumer market  

4. Significant investments in world class ports, logistics & supply chain infrastructure. 

Changes that Need to be Made in Poultry Industry 

Even though poultry industry in   India has achieved in so many ways further it can be improved by 

considering following points like.  

1. Developing new more productive layer and broiler strains 

2. Development of potent vaccines against some of the important poultry viral disease. 

3. Giving freedom to the poultry farmers for fixing prices for egg through organizations like NECC 

4. Financing of poultry schemes 
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5. Presently, the poultry production is concentrated around major urban centers such as Hyderabad, 

Chennai, Mumbai, Kolkata, Lucknow and Delhi which lead to the accumulation of wastes from the poultry 

farm and environmental pollution. Instead of that it can be shifted to rural areas where backyard poultry 

farming is commonly practiced. 

6. Currently in India poultry sector is mainly ruled by some of the private companies like Suguna Poultry 

Farms Limited, Pioneer Poultry Group, Venkateshwara Hatcheries Private Limited, Godrej Agrovet 

Limited, Shanthi Poultry Farm Private Limited, Skylark Group and a joint venture instead of that it has 

to be shifted to government sector. 

Meat & Poultry Production in India 

Species wise meat production (%) 

 
Source: Department of animal Husbandry, Dairying and Fisheries (DAHD) 

Major States which are Involved in Poultry Production 

1. Eggs: Andhra Pradesh, Tamil Nadu and Maharashtra are the top egg producers in the country.  

2. Meat: The largest producer of meat in the country is Uttar Pradesh producing 23% of the total meat 

followed by West Bengal contributing 12% to the meat production. Andhra Pradesh is the third largest 

meat producer in the country which produces 7% of the total production.                      

3. Poultry Meat: Haryana, West Bengal & Uttar Pradesh are the leaders in poultry meat production in 

the country. 

Opportunities in Poultry Meat Sector at a Glance 

1. New technology in meat & poultry processing:  

a. Modern abattoirs  

b. Cold chain  

c. New veterinary technology/services  

d. Food testing labs. 

2. Poultry Industry Players:  

a. New products-value added products like frozen/chilled products, RTC/RTE, Indian ethnic 

products/snacks.  

b. Egg powder plants.  

c. New feed formulations and manufacturing. 

d. Hatcheries. 

3. Export Scenario: India exported meat and poultry products worth around USD 5 billion in 2014-15 of 

which buffalo meat alone accounted for USD 4.8 Bn. Other export items include egg powder, sheep/goat 

meat etc. Major export destinations include Vietnam, Malaysia, Egypt, Thailand and Saudi Arabia. 

4. Key Fiscal Incentives:  

a. 100% FDI permitted through automatic route in food processing sector.  

b. Concessional rate of Customs Duty applicable on imported equipment under the project import 

benefits.  
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c. Income Tax deductions on capital expenditure allowed at the rate of 150% for setting up and 

operating cold chain or warehouse for storage of agriculture produce.  

d. 100% income tax exemption available to new food processing, preservation and packaging units 

for the first 5 years of operation, and at the rate of 25%-30% thereafter.  

e. A fund of Rs.20 billion created with National Bank for Agriculture and Rural Development 

(NABARD) for extending affordable credit to designated Food Parks and units therein.  

5. Schemes of Ministry of Food Processing Industries (MoFPI): 

a. Mega Food Park Scheme by Ministry of Food Processing Industries. Government of India through 

MoFPI is putting up 42 mega food parks (35 approved). Scheme for Cold Chain, Value addition and 

Preservation Infrastructure by Ministry of Food Processing Industries. 

b. Scheme for setting up/modernization of abattoirs (for Government abattoirs) by Ministry of Food 

Processing Industries. State Specific Incentives Being Offered by Different States. 
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Introduction 

Ashwagandha (Withania somnifera) also known as Indian Winter cherry and Indian ginseng, belongs to 

Solanaceae family, one of the most important and valuable plant in tradition Indian system of medicine. It 

is a small evergreen shrub that grows to roughly four to five feet tall. It grows in dry parts in sub-tropical 

regions. Madhya Pradesh, Uttar Pradesh, Punjab, Gujarat, Maharashtra and Rajasthan are the major 

states for cultivation and production of Ashwagandha in commercial scale. The species name ‘somnifera’ 

means ‘sleep-inducing’ in Latin, indicating that to it are attributed sedating properties, but it has been also 

used for sexual vitality and as an adaptogen. In Ayurvedic medicine, its root is used as an anti-

inflammatory drug for swellings, tumours, scrofula and rheumatism; and as a sedative and hypnotic in 

anxiety neurosis. Leaf possesses anti-inflammatory, hepatoprotective, antibacterial properties. Fruits and 

seeds are diuretic. The berries are used as a substitute for rennet, to coagulate milk in cheese making. A 

famous Ayurvedic rejuvenative botanical used in many tonics and formulas, Ashwagandha is the best 

rejuvenative that helps maintain proper nourishment of the tissues, particularly muscle and bones, while 

supporting the proper function of the adrenals and reproductive system. 

Botanical Description 

It grows as a short shrub with a central stem from which branches extend radially in a star pattern 

(stellate) and covered with a dense matte of wooly hairs (tomentose). The flowers are small and green, while 

the ripe fruit is orange-red and has milk-coagulating properties. The plant's long, brown, tuberous roots 

are used for medicinal purposes. 

Climatic Conditions 

It is grown as late rainy-season (kharif) crop. Semitropical areas receiving 500 to 750 mm rainfall are 

suitable for its cultivation as a rainfed crop. The crop requires a relatively dry season during its growing 

period. It can tolerate a temperature range of 20 to 38°C and as low a temperature as 10°C. The plant grows 

from sea level to an altitude of 1500 meters. 

Cultivation 

Seeds can be sown directly in the field by broadcasting. Since it is largely grown as a rain fed crop, sowing 

is determined by monsoon. After receiving pre-monsoon showers, soil is brought to a fine tilth and the crop 

is grown during second week of July. A seed rate of 5 kg per acre is sufficient when the crop is raised by 

this method. 

Transplanting 

About 2 kg of seeds are required to provide seedlings for an area of one acre. Seeds should be treated with 

Diathane M-45 at the rate of 3g/ kg of seeds before sowing. Seeds are sown in the nursery just before the 

onset of monsoon and are covered with light soil and they germinate in 6-7 days after sowing. When 

seedlings are of about 6 weeks old, they are transplanted in the field in 60 cm wide furrows at 60 cm apart. 

In direct sown crop, plants are thinned at 25-30 days after sowing, to maintain a plant population of 20,000-

25,000 per hectare. 

Production Technology 

Soil- Sandy loam or light red soil, pH of 7.5-8.0 with good drainage. 
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Seeds-2-5 kg/acre and 5-12 kg/ha. 

Variety- Jawahar Aswagandh-20 

FYM or Compost- The crop is mainly grown on residual fertility. Hence, no manure or fertilizers are 

recommended. 

Chemical Constituents 

Several types of alkaloids found in this plant, out of which ‘Withanine’ and ‘Somniferine’ are important. 

The pharmalogical activities of roots are attributed to alkaloids. The total alkaloide content in roots of the 

Indian type has been recorded to vary between 0.13 to 0.31 per cent. Leaves contains five unidentified 

alkaloides (0.09%), withanolides, glycosides, glucose and many free amino acids. 

Ashwagandha has been found to contain steroidal lactones called withanolides. In addition, the roots 

provide 18 fatty acids, beta-sitesterol, polyphenols and phytosterols. The root extract contains an ingredient 

which has GABA mimetic activity. 

Plant Protection 

Major insects- Shoot borer and Mite 

Major diseases-Seed rooting, Seedling blight and leaf blight 

a. Neem seeds kernel extract will have more effect on mites. 

b. Shoot borer can be controlled with Sumicidin at 10 ml per litre. 

c. Treat the seeds before sowing the Captan at the rate of 5g/kg of seeds and drench Calphomin at 

3 ml/litre in nursery before sowing. 

d. The crop should be Sprayed with Daithane M-45 at the rate of 3g/litre of water when 30 days old 

plants and the spray should be repeated at 15 days interval if diseases. 

Harvesting and Yield 

Harvesting starts from January and continue till March (150-170 days after sowing). Maturity of the crop 

is judged by the drying of leaves and red berries. The entire plant is uprooted for roots, which is separated 

from the aerial parts by cutting the stem 1-2 cm above the crown. They are then cut into small pieces of 7-

10 cm to facilitate drying. The berries plucked from dried plants are threshed to obtain the seeds. An 

average yield of about 400-500 kg of roots and 50 kg of seeds are obtained from one hectare. 

Medicinal Properties and Uses 

1. The drug is mainly used in Ayurvedic and Unani preperations. Withaferine-A has been receiving good 

deal of attention because of its antibiotic and anti-tumour activities. 

2. Ashwagandha has anti-inflammatory, antitumor, anti-stress, antioxidant, mind-boosting, immune-

enhancing, and rejuvenating properties. 

3. Ashwagandha may help to encourage weight loss when used in combination with other weight loss 

enhancing supplements. 

4. The herbal massage oil which includes Ashwagandha herb is useful in many conditions like paralysis, 

epilepsy, sleeplessness etc. 

5. The preparation of Ashwagandha which is processed with ghee, sugar and honey is a very good 

aphrodisiac and increases semen quantity, sperm count and mobility. It is effectively used in Erectile 

dysfunction, low libido and premature ejaculation.  

6. Ashwagandha churna when used regularly helps to improve the conditions like senile debility, 

rheumatism, in all cases of general debility, nervous exhaustion, brain-fag, low of memory, loss of muscular 

energy and spermatorrhoea. It increases body energy and vigor. 

7. The herbal massage oil which includes Ashwagandha herb is useful in many conditions like paralysis, 

epilepsy, sleeplessness etc. 

8. Dried roots are used as tonic for hiccup, cold, cough, female disorders, as a sedative, in care of senile 

debility, ulcers, etc. 
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Fruits and vegetables are a good source of critical minerals, vitamins and fibre that are necessary for 

human health. However, the abundant production of fruits and vegetables is not being fully utilised for a 

variety of reasons including the fact that fruits are seasonal and highly perishable in nature, careless and 

improper handling, lack of proper packaging materials, transportation, marketing and processing facilities 

and so on. 

Fruit and vegetable waste can be turned into value-added goods such as essential oils, edible oil, 

polyphenols, enzymes, pigments, anti-carcinogenic chemicals, single cell proteins, bio-degradable films, and 

so on, in addition to being used as livestock feed (18 percent). 

Horticultural produce has a lot of potential for being converted into value-added goods which helps to 

extend the availability of processed foods while keeping their nutritional value and palatability. Fruit and 

vegetable preservation and processing are critical components of the country's agro-industrial development 

strategy. Fruit processing industry will stimulate the growers to cultivate high quality crops for higher 

income and employment generation. 

Due to their nature and composition, fruits and vegetables are more susceptible to rotting than grains and 

deterioration happens at many phases of post-harvest procedures resulting in fruit and vegetable loss. 

Efficient waste management will help to preserve key nutrients in our foods and feeds while also lowering 

the cost of producing processed foods and reducing pollution risks. Post-harvest technologies for perishable 

horticultural produce are an excellent tool for increasing the value of the product while also reducing loss. 

General Characteristics of Fruit and Vegetable Wastes 

1. Wastes are higher in moisture content 

2. Wastes have more fermentative ability 

3. Wastes are good in nutrient contents 

4. Food wastes have lower content of inert contaminants such as stones 

5. The wastes have higher output in salt content 

6. Large amounts of organic materials such as proteins, carbohydrates and lipids 

7. Varying amounts of suspended solids on the source 

8. High biochemical oxygen demand (BOD) or chemical oxygen demand (COD). 

Novel Value-Added Products from Fruit and Vegetable Wastes 

Biological wastes contain a variety of high-value reusable substances such as soluble sugars and fibre. The 

disposal of such trash directly into the soil or landfill has major environmental consequences. As a result, 

developing possible value-added processes for these wastes is quite appealing. These biological wastes can 

be employed as support substrates in solid state fermentation to manufacture industrially relevant 

metabolites at a lower cost. Furthermore, it is a waste management strategy that is good to the 

environment. 

Essential oils: Citrus peels are a possible source of essential oil (EO), with yields ranging from 0.5 to 3.0 

kilograms per tonne of fruit. Citrus essential oils aromatic flavour makes it popular in alcoholic beverages, 

confectioneries, soft drinks, perfumes, soaps, cosmetics and home items. It's also used in pharmaceuticals 

as a masking agent. It extends the shelf life of fresh fruits, skim milk, low fat milk and has wide 

antimicrobial activity.  
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Edible oils: The fatty acid and triglyceride profiles of mango seed kernel fat are similar to those of cocoa 

butter making it a prospective source of edible oil. Guava (Psidium guava L.) seeds contain 5-13 percent oil 

rich in important fatty acids which is normally removed during juice and pulp preparation. 

The oil from the passion fruit seed is high in unsaturated fatty acids (87.6%), primarily linoleic (73.1%) and 

oleic (13.8 percent) acids (Cassia Roberta Malacrida and Neuza Jorge, 2012). Free radical scavenging 

activity is present in the oil.  

Pigments: Tomato peel is high in carotenoids like lycopene, which helps to prevent cancer, coronary heart 

disease and other chronic diseases. Because of the lycopene and fibre included in the by-product of tomato 

processing, adding tomato peel to meat products makes it a healthier product. Carotenoids can also be 

found in carrot pomace. 

The potential for anthocyanin pigments in banana bracts (leaves below the calyx) and beet root pulp to be 

used as natural food colourants was investigated. The dry extract of beet root pomace contains 11-23mg a-

xanthins/g (Canadanovic et al, 2011). Beet root peel is a potential source of betalins, which are water soluble 

nitrogenous pigments that are divided into two groups: red betacyanins and yellow betaxanthins. In the 

current food industry, betalains are widely employed as natural colourants. 

Dietary Fibre: Apple, pear, orange, peach, blackcurrant, cherry, artichoke, asparagus, onion & carrot 

pomace, mango peels and cauliflower trimmimgs are all utilised as dietary fibre supplements (gelling and 

thickening agents) in refined foods. 

By slowing gastro-intestinal transit time these chemicals increase the bulk of the food and help avoid 

constipation. Fruit and vegetable by-products are often included at a rate of 2-15 percent. Furthermore, 

dietary fibres bind to bile salts and reduce their re-absorption assisting in the reduction of cholesterol 

levels.  

Citric acid: It is mostly employed in foods, pharmaceuticals and the majority of citric acid is produced 

entirely by Aspergillus niger by solid state fermentation (SSF) of starch/molasses (Dhillon et al., 2011). 

Molasses, fruit and vegetable pomace and cassava bagasse, among other things have recently been 

employed as citric acid manufacturing substrates.  

Bio-ethanol: The biofuels produced from perishable wastes can be liquid or gaseous in nature. Various 

wastes used for ethanol production such as potato peels, apple pomace, waste apples (Tahir and Sarwar, 

2012), banana peels, banana waste, beet waste, beet pomace, kinnow mandarin waste and peels and peach 

wastes have shown promising results in ethanol yield, according to different research workers. 

Polysaccharides:  Durian seed is a source of gum which is very hydrophilic and is a waste product of 

durian fruit. It can be employed as thickeners, gelling agents, texture modifiers, and stabilisers. It is 

favoured over animal and microbial gums due to consumer approval. 

Plant gums are commonly utilised in commercial liquid and semisolid foods and are considered non-toxic 

and non-carcinogenic biodegradable natural polymers. These can also be found in cosmetics and 

pharmaceuticals. 

Emulsifiers: Protein fractions from defatted date pits are used to develop ingredients for use as 

emulsifiers, foaming agents and thickening or gelling agents in formulated foods. 

Fermented edible products: A number of beverages such as cider, beer, wine, brandy and vinegar can 

be obtained from the fermentation of fruit wastes. Apple pomace has been utilized for the production of 

cider. 

The possibility of making brandy from dried culled and surplus apples, grapes, oranges and other fruits 

has also been explored. Vinegar can also be prepared from fruit wastes. 

The fruit waste is initially subjected to alcoholic fermentation followed by acetic acid fermentation by 

Acetobacter bacteria, which produces acetic acid. Vinegar production by fermenting waste from pineapple 

juice and orange peel juice has been reported. Apple pomace extract can also be mixed with molasses for 

producing vinegar. 
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Fruit is high in vitamins, minerals, fibre and phytonutrients which are plant chemicals. Super fruits are a 

type of fruit that contains lot of vitamins, minerals, plant enzymes, amino acids, healthy fats, and 

antioxidants. Super foods are generally high in health-promoting substances with antioxidant and anti-

inflammatory characteristics, despite the fact that there is no specific definition of what defines a super 

food. Many fruits have been investigated for their potential health benefits.  

Here are Some of the Super Fruits which Adds to the Good Health 

1. Plums: Plums are notably high in hydroxycinnamic acids, a form of antioxidant polyphenol. In addition 

to their appealing taste, they contain a high concentration of vitamins, minerals, and health-protective 

plant chemicals. Antioxidants may lower your risk of several diseases by lowering cellular damage 

produced by unstable molecules known as free radicals. Plums are also high in antioxidants and anti-

inflammatory carotenoids, such as vitamin C and provitamin A carotenoids.  

2. Strawberries: Strawberries are full of plant polyphenols that act as antioxidants such as flavonoids, 

phenolic acids, lignans and tannins. Vitamin C, anthocyanins, phenolic acids and flavonoids are all high in 

antioxidants. They're high in anthocyanins, ellagitannins, and proanthocyanidins, all of which have been 

demonstrated in studies to lessen the risk of chronic disease.    

3. Grapes: Grapes are convenient, healthful and high in potassium & vitamin K, both of which are 

beneficial to heart health. They're high in beneficial plant components related to a variety of health benefits 

including a reduced risk of heart disease and certain types of cancer. Resveratrol, anthocyanins, caffeic 

acid, quercetin and kaempferol are some of these molecules. While all grape varietals have health benefits, 

red and purple grapes have the most antioxidants. They generate purple-red pigments known as 

anthocyanins, which have been linked to improved heart and brain health. 

4. Peaches: Peaches are commonly used in jams and pies, although they are best eaten raw. Although both 

the flesh and the skin are nutritious, the skin includes more antioxidants which can assist your body fight 

free radicals. As a result, to get the most health advantages make sure you consume the peach peel. Peaches 

are high in fibre, vitamin C, provitamin A and potassium in addition to phytonutrients including phenolic 

acids and carotenoids.        

5. Apples: Apples are linked to a slew of health benefits, including a lower risk of heart disease and a range 

of diseases including colorectal cancer. They're particularly good sources of flavonoid antioxidants. 

Increased consumption of apples and other flavonoid-rich foods has been linked to a lower risk of death 

from all causes including cancer and heart disease. 

6. Avocados: Avocados are high in fibre, good fats, potassium, magnesium, folate, vitamins C and K1 in 

addition to being creamy and tasty. They're largely made of oleic acid, a monounsaturated lipid that has 

been linked to improved heart health. They're also high in potassium, fibre, vitamin B6, folate, vitamins E 

and K, and the carotenoids lutein & zeaxanthin, which are good for your eyes.  

7. Cherries: Cherries are high in fibre and potassium, which are both beneficial to heart and 

gastrointestinal health. Antioxidant plant components like anthocyanins and hydroxycinnamates which 

help protect the body from oxidative stress are also abundant in them. They're also high in serotonin, 

tryptophan, and melatonin all of which help with mood and sleep. Cherries have potent anti-inflammatory 

capabilities due to their high vitamin C and polyphenol antioxidant content.   

8. Blueberries: Anthocyanins, which are plant pigments that account up to 60% of the total polyphenol 

compounds in these berries. Fresh blueberries have been linked to a lower incidence of heart disease and 

type 2 diabetes as well as a slower mental decline in elderly people, even in little amounts of 1/3 cup (113 

grams) each day.  
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9. Blackberries: Blackberries are high in vitamins and minerals such as vitamin C which aids in wound 

healing, vitamin K which aids in blood clotting and manganese which aids in the creation of collagen (the 

protein which keeps skin youthful, firm and elastic). They are antimicrobial and contain antioxidants that 

combat free radicals and minimise the damage caused by oxidative stress on cells. There is evidence that 

blackberries can fight bacteria that cause gum disease and cavities.   

10. Raspberries: Raspberries are one of the highest sources of fibre among all fruits and vegetables in 

addition to being strong in polyphenol antioxidants. Human study is needed, but test-tube and animal 

studies suggest that consuming these berries may lessen the risk of heart disease, type 2 diabetes and 

Alzheimer's disease.   

11. Figs: Figs are high in fibre and include a variety of minerals such as magnesium, potassium, calcium 

and vitamins B6 and K1. They’re also high in polyphenol antioxidants which have been demonstrated to 

provide a variety of health benefits. In fact, figs have a higher concentration of these antioxidants than red 

wine or tea.             

12. Blood oranges: Blood oranges are a sweet orange with a reddish rind due to their high levels of 

anthocyanins. Vitamin C, a water-soluble vitamin that works as an antioxidant is also abundant in them. 

Blood oranges for example, typically offer 32-42 mg of vitamin C per 3.5 ounces (100 grammes), which is 

35-47 percent of the Daily Value (DV) for this vitamin.    

13. Pomegranates: Punicalagin, a powerful antioxidant that has been found to reduce LDL (bad) 

cholesterol in the blood and punicic acid, a powerful antioxidant that is neuroprotective, anti-inflammatory 

and can protect against the development of diabetes are the two most health-promoting compounds found 

in pomegranates. One cup of arils has 7 grams of fibre as well as vitamins A and C for good vision and 

bones, vitamin E for healthy skin and folic acid. Pomegranate juice has been shown to improve aerobic 

performance and endurance in competitive training at the gym.   

14. Mangos: Mangos are a popular tropical fruit high in antioxidants such as gallic acid, quercetin, and 

ellagic acid as well as carotenoids such as lutein, alpha carotene and beta carotene which give the fruit its 

yellowish colour. Mangos are also high in fibre which may aid in regular bowel motions.  

15. Gogi berries: Goji berries are native to Asia and have been used as a functional food to improve health 

and longevity for ages. These fruits are used in tinctures, teas and other herbal treatments to treat diseases 

affecting the eyes, liver, kidneys and digestive system because of their high antioxidant content. Fiber, 

polysaccharides, phenolic compounds and carotenoid pigments are abundant in goji berries which give the 

fruit its distinctive orange-red colour. Goji berries may help to protect your vision and lower blood fat levels. 

Plus, they may have anticancer, immune-protecting and brain-boosting properties. 

16. Cranberries: Cranberries are high in plant chemicals that are good for you. Cranberries and cranberry 

products may lower specific blood fat levels and have anti-inflammatory, antioxidant, antibacterial and 

anti-diabetes properties according to human and animal research. Because cranberries are tart, they're 

usually eaten dried and sweetened or in sweet dishes like sauces and jams. Choose low-sugar or 

unsweetened goods to obtain the maximum benefits. 

17. Olives: They're high in vitamin E, copper, and oleic acid, a monounsaturated fatty acid. Plant 

polyphenols including oleuropein, hydroxytyrosol and quercetin which have anti-inflammatory and 

antioxidant characteristics are abundant in them. Heart disease, type 2 diabetes, cognitive decline, 

overweight, and obesity have all been linked to this supplement according to studies.    

18. Papayas: Papayas are high in vitamin C, provitamin A, folate, potassium and have a tropical flavour. 

They also have a lot of antioxidants although lycopene is notably high in them. Consumption of lycopene-

rich fruits such as papaya, may help to prevent heart disease and certain malignancies. 
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Introduction 

Soil microorganisms such as fungi and bacteria interact with plant root and soil constituents in the root - 

soil interface and facilitate directly or indirectly the availability of certain nutrients to the plants as well 

as produce plant hormones to promote plant growth and antimicrobial compounds to protect the plants 

from biotic stresses.  

Chemical fertilizers and pesticides lead to substantial cost to agriculture around the world. As a result, 

using microorganisms as inoculants to the boost plant development, mobilize nutrients into the soil and to 

withstand biotic and abiotic challenges has been discovered to be a viable option for reducing environment 

pollution and to increase the crop productivity. Among the soil microorganisms, bacteria provide a variety 

of ecological services, including improving of soil structure and aggregation, soil nutrients recycling and 

water recycling. Soil bacteria bind soil particles together using their secretions to produce micro aggregates 

in the soil. These aggregates are the components that make up soil and contribute to its stability. Well 

aggregated soil has better soil health and ensures higher agronomic production, is less prone to soil erosion 

and can help with carbon sequestration. Importance of certain group of beneficial bacteria that are helpful 

in agriculture has been elaborated below. 

1. Nitrogen fixing bacteria: Despite the fact that nitrogen is a necessary component of life, most 

organisms cannot absorb it from the environment. Nitrogen-fixing bacteria remove nitrogen from the 

environment and make it available to other organisms for ingestion. Nitrogen gas must be converted to 

nitrate, which can be absorbed by the plants through their roots. Nitrogen fixation is the process of 

converting nitrogen gas to nitrates, which is carried out by nitrogen fixing bacteria. In general, there are 

two types of nitrogen fixing bacteria. (i). Free living (non symbiotic) bacteria (Azotobacter, Azospirillum, 

Cyanobacteria, Beijerinckia and Clostridium) and (ii). mutualistic (symbiotic) bacterium (Rhizobium, 

Frankia) associated with leguminous plants. These bacteria produce unique nitrogenase enzyme 

responsible for nitrogen fixation, which converts atmospheric nitrogen into ammonia, which plants can 

easily absorb. 

2. Phosphorus solubilizing bacteria: The primary function of phosphorus is to store and transfer energy 

produced by photosynthesis for use in the growth and reproduction processes of the plants. Root growth 

and winter hardiness in the plants are aided by adequate 'P' levels, which also encourage tillering and 

accelerate maturity of the plants. Despite its abundance in both inorganic and organic forms, phosphorus 

is the limiting element for plant development. Soluble phosphorus combines with ions like calcium, iron, 

and aluminium to form precipitation or fixation, which decreases the availability of these elements to the 

plants. Inorganic chemical phosphate fertilizers become immobilized in the soil, making them unavailable 

to crops. As a result, increasing the amount of nutrients available to plants requires the solubilization of 

phosphorus by soil microorganisms. Phosphorus solubilizing microorganisms compensate upto 40% of the 

soil bacterial population and they play a significant role in solubilizing and mineralizing poorly accessible 

phosphorus. Phosphorus solubilizing bacteria such as Pseudomonas spp., Agrobacterium spp., Bacillus 

spp., Burkholderia, Micrococcus, Aerobacter, Azotobacter, Paenibacillus, Enterobacter, Rhodococcus, 

Serratia, Bradyrhizobium, Ralstonia, Rhizobium, Salmonella, Sinomonas and Thiobacillus (Babalola and 

Click, 2012; Postma et al., 2010; David et al., 2014) play a major role in solubilizing Phosphorus. They 

solubilize insoluble inorganic (mineral) phosphorus and mineralize insoluble organic phosphorus and make 

their bioavailability to the plants (Sharma et al., 2013). Plants benefit from phosphorus solubilizing 

bacteria since they improve the effectiveness of biological nitrogen fixation, synthesize phytohormones and 

increase the availability of trace metals like zinc and iron (Wani et al., 2007). 
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3. Zinc solubilizing bacteria: Zinc deficiency in the soil is one of the most prevalent micronutrient 

deficiencies and it leads to lower crop yields. Majority of agricultural soils are zinc deficient or contain zinc 

in a fixed form that is inaccessible to the plants, indicating zinc inadequacy in plants and soils. Zinc 

solubilizing bacteria are a viable zinc supplementation alternative because they transform applied 

inorganic zinc to usable forms. Bacterial strains that have been reported to show zinc solubilization 

include Pseudomonas aeruginosa (Fasim et al., 2002), Gluconacetobacter diazotrophicus (Saravanan et al., 

2007), Bacillus spp., Pseudomonas fluorescence, Pseudomonas striata, Burkholderia cenocepacia and 

Serratia (Pawar et al., 2015). These bacteria solubilize the insoluble zinc sources such as ZnO, ZnCO3 and 

Zn3(PO4)2 and ZnSo4 (Saravanan et al., 2007). 

4. Potassium solubilizing bacteria: Potassium (K) is an essential nutrient and an important component 

of all living cells. Although soil contains more K than any other nutrient, majority of the K is unavailable 

for plants to absorb. Potassium solubilizing bacteria solubilize potassium bearing minerals and convert 

insoluble K into soluble forms that plants can absorb. The bacteria such as Acidothiobacillus ferrooxidans, 

Paenibacillus spp., Bacillus mucilaginosus, B. edaphicus and  

B. circulans solubilize K minerals (biotite, feldspar, illite, muscovite, orthoclase and mica). Through the 

production of organic and inorganic acids, acidolysis, polysaccharides, complexolysis, chelation and 

exchange processes, KSB dissolve silicate minerals to release K (Etesami et al., 2017) and it has been 

observed that inoculation with KSB had a favourable effect on plant growth (Ahmad et al., 2016; 

Bakhshandeh et al., 2017; Xiao et al., 2017). 

5. Bacteria in alleviating biotic stresses: Plant defenses have been reported to be elicited by 

Pseudomonas and Bacillus strains. To prevent plant pathogens infection, these organisms produce 

antimicrobial compounds and secrete extracellular cell wall lytic enzymes. When plants are exposed to 

biotic stresses, these PGPR activate the expression of dormant defensive mechanisms by activating the 

synthesis of signaling molecules such as salicylic acid, jasmonic acid and ethylene (Nie et al., 2017). They 

also decrease biotic stresses in plants by producing antimicrobial compounds such as pyrrolnitrin, 

pyoluteorin and 2,4-DAPG. 

6. Bacteria in alleviating abiotic stresses: Abiotic stresses are the primary constraint to agricultural 

productivity. Crop plants use their innate systems to cope with the external demands imposed by the 

environment and edaphic conditions. Microbial interactions with plants are an important aspect of the 

living ecosystem because they influence local and systemic mechanisms in plants to provide protection from 

external environmental factors. Pseudomonas, Bacillus, Rhizobium and other rhizobacteria associated with 

roots elicit so called induced systemic tolerance to drought, salt, heat stress and chilling injury (Yang et al., 

2009). 

7. Bacterial biofertilizers: In general, bacterial biofertilizers can improve plant growth through a variety 

of mechanisms, including the synthesis of plant nutrients or phytohormones that can be absorbed by plants. 

Mobilization of soil compounds can be used as nutrients by the plants which will aid in protecting the plants 

under stressful conditions, thereby mitigating the negative effects of both biotic and abiotic stresses. In 

agriculture, rhizosphere bacterial strains with various plant growth promoting properties can be used as 

biofertilizers to boost crop yields. For many years, several plant growths promoting rhizobacteria (PGPR) 

have been utilized as biofertilizers around the world, helping to increase crop yields and soil fertility and 

contributing to more sustainable agriculture. The technologies for producing and applying bacterial 

biofertilizers are constantly evolving in recent days and the market for bacterial based biofertilizers is 

expanding as well. 

Conclusion 

Microbial inoculants represent a novel approach to achieve a more sustainable and efficient agriculture 

that benefits both society and farmers. This is the technique that is in line with the concepts of sustainable 

agriculture and strives to address recent pesticide and fertilizer overuse. As a result, using bacteria as 

biofertilizers that can boost plant development is portrayed as a more viable option. The use of biofertilizers 

results in a healthier crop that is also more resistant to both biotic and abiotic stresses. 

As a result, inoculating soil or crops with bacteria biofertilizers is a promising technique for improving 

plant growth through the absorption of necessary nutrients while reducing the usage of environmentally 
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harmful chemical fertilizers (Alori et al., 2012) and bacterial fertilizers containing effective bacterial 

inoculum can be a viable alternative to chemical fertilizers in terms of crop production and pests and 

diseases management. 
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Wheat blast caused by Pyricularia graminis-tritici is a devastating disease that was first reported in Brazil 

in 1985. The disease was restricted to South America until 2016, when a series of grain imports from Brazil 

led to a wheat blast outbreak in Bangladesh. There is the need to strengthen quarantine and biosafety 

regulations to avoid additional spread of the pathogen to disease-free countries along with collaborated 

breeding efforts to develop resistant wheat varieties. 

Emergence and Spread of Wheat Blast 

Wheat blast was not a widespread disease in the South American countries before the first epidemic in 

1985, though earlier reports indicate the pathogen’s presence in the Brazilian agroecosystem. After 

emerging in Brazil, the wheat blast pathogen spread to the neighbouring states. Pyricularia graminis-

tritici (Pygt) is now firmly established in South America. Starting from its origin in the pathogen spread 

into warmer regions supposedly via wind, but seed borne inoculum is might also have facilitated the long-

distance dispersal of the pathogen to Southeast Asia. Brazilian bread wheat and durum wheat seed have 

been repeatedly imported for sowing by nearly 65 countries during the past decade. In 2016, wheat blast 

emerged in a destructive form in Bangladesh. Weather suitable for wheat blast coupled with susceptible 

cultivars may prompt severe outbreaks of the disease in South-east Asia. 

The Pathogen: Pyricularia graminis-tritici 
Pygt is a highly diverse species with a broad host range. Similar to the rice blast pathogen (Pyricularia 

oryzae) a multiname species confusion exists for the wheat blast pathogen. Phylogenomic analyses 

including some housekeeping loci for several isolates of Pyricularia spp. sampled from populations of wheat, 

rice and other grasses growing in or near wheat fields led to the identification of the new species P. 

graminis-tritici as the blast pathogen on wheat and several other hosts. The new species clearly 

distinguished from the rice-infecting isolates. Pygt is capable of causing blast on many important crop 

species, including wheat, barley and oats as well as grasses (weeds) in commercial wheat fields (e.g., 

Cynodon spp., Digitaria insularis, Equinochloa crusgalli, Panicum maximum, Sorghum sudanense). The 

confusing nomenclature and a lack of knowledge of the most recent findings, was a plausible cause for the 

quarantine breach that led to the introduction of Pygt into Bangladesh. 

Disease Epidemiology 

Wild grass hosts in wheat fields, may function as a major reservoir of wheat blast inoculum as evident from 

extensive gene flow between Pygt populations sampled from wheat and other grasses. Thus, non-wheat 

hosts probably play an important role in the epidemiology of wheat blast. Studies on wheat leaf infection 

process have revealed that Pygt conidia after landing on the adaxial leaf surface begins to germinate six 

hours after inoculation (hai) forming a dome-shaped appressorium at 12 hai. The first leaf blast symptoms 

were observed at 48 hai. Airborne Pygt conidia produced on and released from infected wheat seedlings 

provide source of inoculum for spikes infection. Fungal hyphae grows both inter- and intracellularly in the 

rachis tissues breaching the cell wall and destroying the spike completely. 

Symptoms and Physiological Changes on Wheat Plants During Infection 

The wheat blast pathogen affects the physiology of wheat plants by changing metabolic processes such as 

carbon assimilation and stomatal function. Development of leaf blast symptoms decreases CO2 assimilation 

and cause stomatal closure damaging the photosynthetic machinery. Wheat leaf infection by Pygt triggers 

a series of photochemical malfunctions that affect the ability of leaves to intercept light. The concentration 

of photosynthetic pigments also decreases due to intense leaf chlorosis. Biochemical changes in wheat 

grains resulted in 25–45% reductions in soluble sugars (e.g., fructose, glucose, and sucrose) and starch 
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content. Increase in the breakdown of starch in the infected grains substantially diminished the synthesis 

of endosperm, resulting in smaller and shrunken grains thus grain yield reduction. 

 

Reddish brown to dark grey spots appears on mature leaves followed by eye-shaped lesions with light grey 

centres on the leaves. The inflorescence blight and necrosis are observed. Light dark brown lesions with 

grey centres develop on stalks of wheat spikes. Damaged spikes show discoloration. Blackening of the 

rachis, lower nodes along with discoloration and shrivelling of grains is also observed. Optimum weather 

conditions for the development of wheat blast include the simultaneous occurrence of high temperatures 

(25–30◦C) and long and frequent leaf wetness periods (24-40 hrs.). 

Management Strategies 

The first major global concern is to prevent additional spread of the pathogen to disease-free countries. 

Since the pathogen can be spread long distances on infected seeds, it is mandatory to strengthen quarantine 

and biosafety regulations. In the endemic areas management strategies for wheat blast must be based on 

knowledge of Pygt biology and wheat blast epidemiology, including the pathogen’s disease cycle, survival 

strategy, means of spread, host range and the most conducive weather conditions for disease development. 

The adoption of IDM strategies should be coordinated. Pygt can survive as perithecia on crop residues 

between wheat-cropping seasons. Invasive grasses may also play an important role as sources of secondary 

inoculum. Therefore, sanitary practices should be adopted. Deep ploughing of crop stubble can be used for 

reduction in the amount of initial Pygt inoculum. The destruction of crop residues (especially the debris of 

barley, oats, millets, and wheat) and eradication of invasive grasses is recommended. Crop rotation with 

non-host crops, like soybean and jute is also a viable option. 

Periods of high temperature, rain, and high relative humidity are the most conducive for blast incidence. 

Therefore, adjusting the sowing date to escape the occurrence of flowering or grain filling during the 

conducive period can effectively reduce disease incidence and grain yield loss. The wheat blast pathogen is 

seedborne and seeds are considered the primary sources for long-distance dispersal of Pygt. Pygt conidia 

can survive and remain infectious for almost two years on or inside seeds, and even healthy-looking seeds 

from infested fields might carry fungal spores. Therefore, the use of certified, pathogen-free or fungicide-

treated wheat seeds should be mandatory. Seed treatment with benomyl and carbendazim is highly 

effective. The triazole difenoconazole is also recommended for managing Pygt.  

Leaves and ears sprays of mixtures of triazole and quinone outside inhibitor (QoI) fungicides at early 

heading and early grain-filling stages were found moderately effective in disease control and reduced crop 

losses. Recent recommendations to manage the disease in Asia include spraying of triazoles combined with 

strobilurins (e.g., tebuconazole and trifloxystrobin). To decrease the risk of fungicide resistance in Pygt 

populations, only mixtures or coformulations with lowrisk fungicides (such as the dithiocarbamate 

mancozeb and chlorothalonil) should be deployed to manage wheat blast.  

Biofortification with nonfungicidal chemicals like Potassium phosphate, potassium silicate and application 

of silicon to wheat leaves have been assessed and were found to limit Pygt colonization through the 
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flavonoid biosynthetic pathway and the deposition of phenolic compounds. biocontrol. Biological control 

agents have been shown as alternatives for managing wheat blast. For example, Bacillus methylotrophicus, 

Trichoderma harzianum and Chaetomium globosum have potential for biological control of blast on wheat. 
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Introduction 

Proteomics is the study of the proteome. The proteome is the entire set of proteins that is produced or 

modified by an organism or system. It is the qualitative and quantitative comparison of proteomes under 

different conditions to unravel biological processes.  Proteomics is a scientific discipline concerned with 

systematic analysis of proteins present in cells at a given time under given conditions. Proteomics includes 

the identification, characterization and quantization of the entire complement of proteins in cells, tissues 

or whole organisms with a view to understanding their function in relation to the life of the cell. The first 

studies of proteins that could be regarded as proteomics began in 1975, after the introduction of the two-

dimensional gel and mapping of the proteins from the bacterium Escherichia coli. 

Why Phyto-Proteomics is Important? 

1. To facilitate the biotechnological improvement of crop productivity, genes, and proteins that control crop 

adaptation to a wide range of environments will need to be identified. 

2. Proteomic techniques can be used to identify the mechanism in crops under biotic stress. 

3. Because plants have evolved dynamic defense and immune mechanisms to resist infection and enhance 

immunity for second wave attacks from the same or different types of pathogenic species, proteomics is a 

very useful technique for comprehensive analysis. 

Types of Proteomics 

1. Expression Proteomics: The large-scale analysis of protein expression. It identifies the main proteins 

in sample and proteins differentially expressed in related samples, such as diseased v/s healthy tissue. It 

represents a useful drug target or diagnostic marker. Proteins with similar expression profiles may also be 

functionally related. Technologies such as 2D-PAGE and mass spectrometry are used here. 

2. Structural Proteomics: The large-scale analysis of protein and protein structure comparisons can help 

to identify the functions of newly discovered genes. Structural analysis can also show where drugs bind to 

proteins and where proteins interact with each other.  X-ray crystallography and mass spectroscopy. 

Identification by metal ion, drug, toxins. 

3. Interaction Proteomics: The large-scale analysis of protein interactions. protein-protein interactions 

help to determine protein functions. Tells about how proteins assemble in larger complexes. Affinity 

purification, mass spectrometry and the yeast two-hybrid system are particularly useful. 

Protein Identification Techniques 

1. Edman sequencing: The peptide to be sequenced (50 aa) is adsorbed onto a solid surface. Here is a 

common glass fibre coated with polybrene, a cationic polymer. The Edman reagent, phenylisothiocyanate 

(PITC) is added to the adsorbed peptide, together with a mildly basic buffer solution. This reacts with the 

amine group of the N-terminal amino acid. The terminal amino acid can then be selectively detached by 

the addition of anhydrous acid. It can be washed off and identified by chromatography, and the cycle can 

be repeated.  

2. Micro sequencing: It is automated process of Edman reaction.  

3. Mass spectroscopy: Ions of differing charge and mass will move differently in a magnetic field. Proteins 

are first separated and then analyzed with a mass spectrometer. 

 

https://en.wikipedia.org/wiki/Proteomics
https://en.wikipedia.org/wiki/Proteome
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Steps in Plant Proteomic Analysis 

1. Purification of proteins: extraction of protein samples from whole cell, tissue or sub cellular organelles  

2. Separation of proteins: gel electrophoresis, spots are detected using fluorescent dyes or radioactive 

probes.  

3. Identification of proteins: separated protein spots on gel, mass spectrometry. 

 
Fig.1 Proteomic tools study the protein 

Applications of Proteomic Analysis 

1. Allergen identification.  

2. Discovery of protein of Pharma interest.  

3. Contaminating protein tracking.  

4. Designer Crops. 

5. Stress management (Biotic/Abiotic). 
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Introduction 

Vegetables play important role in food and nutritional security. Particularly, green leafy vegetables are 

considered as exceptional source for vitamins, minerals and phenolic compounds. Mineral nutrients like 

iron and calcium are high in leafy vegetables than staple food grains. Green leafy vegetables are healthy 

foods that can help complete a balanced diet. Green leafy vegetables are important group of nutrient dense 

commodity regarded as nature’s anti-aging wonders, inexpensive food resource and a future herbal 

medicine owing to its concentrated and overloaded source of nutrients and phytochemicals. They are rich 

in fiber, low in calories and fat. Several leafy vegetables grown in India among them spinach, fenugreek 

and amaranths have a prominent place, which are rich in minerals, protein and calcium.  

Their consumption has been found beneficial for health and by continuous use, one can get rid of night 

blindness and eyesight remains good. Due to the high amount of iron elements in them, taking it in the 

form of food or juice leads to an increase in hemoglobin in the blood.  

Climate: A cool climate is required for successful cultivation of spinach. Therefore, it is more beneficial to 

cultivate spinach mainly in winters. The growth of spinach leaves is good in cold weather. Where the 

temperature does not increase very much, spinach crop can be grown throughout the year. If the 

temperature is high its growth stops. Fenugreek is a cool season crop, so it has some degree of frost 

tolerance and amaranths can be grown in both spring and rainy seasons. 

Land: Flat land with good drainage should be selected for successful cultivation of leafy vegetables. Leafy 

vegetables can be cultivated in all type soil, but loamy or clay soil is suitable. Leafy vegetables do not grow 

well in acidic soil, so soil with low pH (6-7) is more suitable for better growth. 

Field preparation: Before sowing of seeds, plowing should be done in the field. Field should be prepared 

by ploughing 2-3 times. After ploughing do levelling of soil for uniform bed formation. Prepare bed and 

irrigation channels. 

Varieties: The varieties of leafy vegetables should be selected according to the local climate and land. Their 

main species are as follows: 

Spinach Amaranth Fenugreek 

Pusa Palak, Pusa Jyoti Badi Challai, Choti Challai RMT-1, Lam Selection-1 

Jobner Green, All Green Coimbatore-1, Arka Sugna, Gujarat Maithi-2, Hisar Sonali 

Hisar Selection-23 Pusa Kiran, Arka Arunima Pusa Early Bunching, Pusa Kasuri 

Pusa Bharti, Pusa Harit  Rajendra Kranti 

Banerjee Giant   

Manure and Fertilizers: Before sowing, while preparing the field 200-250 quintals of well-rotted cow 

dung and 80-100 kg neem cake or well-rotted manure of neem leaves spread and mix it well with the last 

tillage. 25 kg nitrogen, 50 kg phosphorus and 50 kg potash per hectare should be applied at the time of last 

plowing. 20 kg nitrogen per hectare should be applied after each harvest of leafy vegetable crop. If needed, 

the crop should be irrigated the next day after spraying the fertilizer, so that the nutrients are easily 

absorbed by the roots of the plants. 

Sowing Time 

Spinach: October is suitable for sowing spinach in the plains of northern India. It can be sown in 

November-December and again in February-March. 

Amaranths: Summer Crop - February, March Rainy Crop - June, July  

Fenugreek: Plain area - from mid-October to mid-November, hilly area - from March-April. 
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Seed Rate 

Spinach: 25 to 30 kg per hectare Amaranths: 2 to 2.5 kg per hectare 

Fenugreek: 20 to 25 kg per hectare Kasuri Methi: 10 to 15 kg per hectare 

Sowing 

Crop Time of sowing Spacing Sowing Depth Method of Sowing 

Spinach Throughout the 

year 

Winter: Sep-Oct. 

Spring: Mid Feb-

April 

R-R: 25-30 cm 

P-P:  5-10 cm 

3-4 cm line sowing or 

broadcasting method 

Amaranths  Throughout the 

year 

Summer: mid 

March 

Kharif: Mid July 

R-R:20-25cm (Choti 

Challai) 

R-R: 30-35 cm 

(Badi Challai) 

P-P: 20 cm 

1.5 cm line sowing or 

broadcasting method 

Fenugreek June-July or 

October –

November 

R-R: 25 cm 

P-P: 20 cm 

4-5 cm line sowing or 

broadcasting method 

Irrigation 

For proper seed germination and good growth soil should have enough moisture content. If there is lack of 

moisture in the beds at the time of sowing then immediately after sowing give light irrigation. Since leafy 

vegetables are more water-consuming crops irrigate at regular intervals of 8-10 days or keep irrigating as 

needed. Avoid over irrigation also care should be taken not to water on leaves, as it will leads to occurrence 

of disease and deterioration of quality. 

   
Spinach Amaranths Fenugreek 

Weed Control 
When the plants are 15-20 days old, then the first weeding should be done. If some weeds grow in the bed, 

they should be uprooted and destroyed. If the growth of plants is decreasing then hoeing with the help of a 

hoe at that stage, the growth of the plants becomes good. 

Stamp (Pendimethylene 30 EC) in spinach and methi mixed with 3 liters of water and sprayed within 1-2 

days of sowing and 4.5 liter/ha fusilac (Flujicope ethyl 9% EC) for chalai All weeds can be controlled by 

sprinkling it in 500 liters of water after 15-20 days of sowing. 

In spinach and fenugreek Stamp (Pendimethylene 30 EC) mixed with 3 liters of water and sprayed within 

1-2 days of sowing and  

In spinach and fenugreek, stomp (Pendimethylene 30 EC) mixed in 3 liters of water and sprayed within 1-

2 days of sowing and for amaranth, 500 liters of water for 4.5 liters / hectare Phenylac (Phalugicop Ethyl 

9% EC) by making a solution and spraying it after 15-20 days of sowing all weeds can be controlled. 

Major Pests 

Leaf eating caterpillar: Due to the nocturnal nature of this insect, they are more active at night and by 

cutting the leaves and new soft growing twigs of the plants. 
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The leaves and new soft growing twigs of the plants are cut and eaten, and during the day, the insect 

remain dormant in the ground. The adult of this insect is brown in color with dark spots on the front wings 

and white color on the back.  

Control: For its control spray Malathion 5% powder 20 to 25 kg/ha. At least 3-4 days gap should keep 

between spraying and harvesting. 

Major diseases: Many types of diseases damage major leafy vegetables. The symptoms and management 

of some of these major diseases are given below- 

Alternaria Leaf Spot Disease: It is a major disease of all leafy vegetables. The symptoms caused by this 

disease are round, irregular shaped spots on the lower leaves of the plant. Green to blackish growth of the 

fungus is visible. The fungus of this disease survives on the residues of the previous crop and its infection 

spreads more in cold weather.  

Cercospora Leaf Spot Disease: The main symptoms of this disease are light yellowish to grayish, white 

colored round or irregular shaped spots on the leaves of the plant with brown edges. Leaves drop in severe 

infestation. 

Anthracnose disease: Symptoms caused by this disease include the formation of yellowish to brownish 

dry, circular spots on the leaves. Spots are formed on leaves as well as twigs. They increase in length in 

size and black stripes are formed around the spots. The pathogen of this disease survives on old leaves i.e., 

crop residues and grows more vigorously in cold. 

  
Anthracnose disease Fusarium Disease 

Moisture and strangulation disease: Moisture disease spreads more when there is high humidity in 

the environment. In the symptoms caused by this disease, due to the attack of fungus in the collar area the 

stem becomes rotten and the plant falls down. In root rot disease, the roots of the plants turn black and rot 

and the whole plant dies. 

Fusarium Disease: This disease spreads more due to lack of moisture in the soil. In the symptoms caused 

by this disease, the color of the leaves becomes light yellowish green and the plant gradually turns yellow 

and dries up and when the plant is uprooted, the growth of white fungus is seen on the roots. 

Black rot: 'T' shape chlorosis on margins of leaves and the main vein gradually turns black. Main symptom 

for this disease is black streaks on stem. 

Root knot Nematode disease: Due to this disease many knots are formed on the roots of plants, in which 

nematode is found. Plant growth stops and the plant wither and dry up. 

Integrated Disease Management 

Crop rotation: For the prevention of fungal, bacterial, nematode and airborne diseases, 2–3-year crop 

rotation should be adopted for leafy vegetables.  

Selection of site and preparation of land: Prevention of root rot, wet rot and other diseases is possible 

by sowing of leafy vegetables in raised beds with adequate drainage. 

a. Seed health: Before sowing the seeds in the field, the seed should be purchased from a reputed 

company and the germination capacity of the seed should be ascertained and the seeds should be 

sown after treatment. 

b. Plant residues and weeds should be uprooted and destroyed around the field and inside the field. 

c. In many areas, many diseases arise due to both excess and deficiency of irrigation. Suitable 

irrigation method and water should be given to control them.  
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d. The crop should always be inspected at least once in a week. 10 cm raised beds should be made 

for nursery of plants.  

e. Solar treatment of soil should be done by covering it with 45-gauge (0.45 mm) plastic 3 weeks 

before seed sowing to control soil borne pathogen.  

f. For the prevention of seed borne and soil borne diseases seed should be treated with 4 g/kg 

Trichoderma. 

Harvesting 

Spinach: First harvesting should be done 5-6 cm plant height from the ground and surface after that keep 

harvesting at an interval of 15-20 days. Thus, one crop of spinach can be harvested 5-6 times. Light 

irrigation is given to the beds after harvesting, so that the plants grow quickly. Its yield is 150-200 quintals 

per hectare of green leaves. 

Amaranths: 8-10 harvesting can be done from one crop. 150-200 quintals per hectare of green leaves are 

yielded.  

Fenugreek: The harvesting of fenugreek depends on its variety and the area it is used for. The first harvest 

can be taken 4 weeks after sowing for the vegetable. After that according to the growth of the plant, keep 

harvesting at regular intervals. Generally, 4-5 harvestings are done from one crop. Its yield is 80-100 

quintal green leaves per hectare. 
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The first step in any healthy crop production programme is to determine the exact nutrient and pH levels 

in your farm soil. Crops are often produced on a wide range of soil types with varying fertiliser needs, 

depending on the soil health and condition. Many nutrients can cause an imbalance in the soil, harming 

the ecosystem and contaminating water and the organisms who live underneath it. Fertile soils are 

required for the production of healthy crops. 

It is necessary to first measure soil fertility in order to improve it. The chemical, physical, and biological 

characteristics of soil influence its fertility. The texture, colour, and structure of the soil are all evident. 

The chemical makeup of soil, on the other hand, is impossible to observe. This is what must be measured, 

which is why soil sample is necessary. Soil tests are performed to figure out a soil's nutrient content and 

pH level. This information may be used to determine the exact type and quantity of fertiliser that needs to 

be applied to increase soil fertility. 

Farmers may enhance their agricultural production by maximising the efficiency of nutrients and water 

usage with a suitable soil fertility management plan. The first step toward effective soil fertility 

management is soil testing. Soil testing provides useful information and aids in improving the health of 

your soil. 

If farmer know the exact sort and quantity of fertilisers your soil and crops require, the farmer won't waste 

money on superfluous fertilisers. Furthermore, inorganic fertilisers in general, as well as minerals like 

phosphorus and potassium, are scarce. Their costs have risen over time, and because this tendency is 

expected to continue, it is prudent to prepare now for the impending adjustments. Applying fertiliser 

without first determining your soil's nutrient requirements may result in over-fertilization. 

You may prevent applying too much fertiliser by evaluating your soils and getting fertiliser advice. This is 

more beneficial to both your crops and the environment. Over-fertilization of crops results in fertiliser burn 

and yellowing foliage. It might also cause nutrient leaching, water contamination, and irreparable harm to 

the aquatic life in the area. 

The Goals of Soil Analysis 

The following are the goals of soil testing: 

1. To determine the fertility and nutritional status of soil in order to create a nutrient availability or supply 

index for a specific soil. 

2. Acidity, salinity, and alkalinity concerns are determined. 

3. To make a suggestion for the amount of manure and fertiliser to use depending on the results of a soil 

test and the crop. 

4. To avoid overuse of fertiliser and to protect the environment. 

5. Crop harvesting removes a huge amount of nutrients from the soil, resulting in a long-term loss of soil 

fertility. As a result, the soil should be examined. 

6. The soil's appropriateness for the crop is assessed. 

7. Soil fertility restoration is critical for agricultural yield, profitability, and long-term viability. 

8. Crop demands, soil availability, fertiliser usage efficiency, manure contribution, and other factors must 

all be considered while planning a fertilisation programme. 

9. To maintain productivity, it is necessary to evaluate the intrinsic soil fertility status on a regular basis 

in order to develop a crop- and site-specific balanced fertilisation programme. 

10. To estimate the likelihood of a profitable response to and fertilisers. 
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The Advantages of Soil Analysis 

1. Soil analysis leads to improved fertiliser selection, reduced soil dangers such erosion, soil infertility, and 

damaged lands, and increased long-term agricultural profitability. 

2. The number of plant-available macronutrients in the soil and the location of soil nutrients in the soil 

profile are revealed. 

3. Identifies nutrients that may restrict yield. 

4. Monitors soil health parameters like as pH, EC, and OC, which have an impact on crop nutrient 

availability and, as a result, yields and profitability. 

5. Provides a foundation for variable rate application (VRT) based on soil and crop conditions. 

6. Supports fertiliser rate, timing, placement, and product selections. 

7. Improved understanding of the farm's soil types in order to maximise management possibilities. 

8. Increases responsiveness during the season. 

Procedure for Taking Soil Samples 

Soil testing is an important part of managing soil resources. Soil tests are only as good as the samples 

they're based on. Soil sample collection must be done correctly. In fact, chemical testing of poorly collected 

samples might be deceptive. Each sample taken must be an accurate representation of the sampled region. 

The usefulness of laboratory analysis results is determined by sampling precision. As a result, collecting a 

high number of samples is recommended so that sub-sampling can yield a sample of the appropriate size. 

In general, sampling is done at a rate of one sample every two hectares of land. However, at least one 

sample should be gathered for a maximum area of five hectares. For soil survey work, samples are gathered 

from a soil profile that is representative of the soil in the surrounding area. Different soils should be 

sampled individually due to differences in colour, slope, elevation, crop growth, degree of erosion, or prior 

fertiliser and lime treatment. Samples can be taken in a variety of ways: network (a), Z-scheme (b), 

diagonally (c), in permanent crops (d). 

 
Site selection for soil sample collection  

(Sources: https://blog.agrivi.com/post/importance-of-soil-analysis) 

Caution During Soil Collection 

1. Old fencerows, manure/hay/lime storage sites, dead furrows, and locations near trees/roads and 

windrows should not be sampled. 

2. Do not take samples in locations where there is a lot of erosion. 

3. Different elevations, soil types, treatment histories, cropping patterns, colour, and poorly drained land 

are all sampled separately. 

Moisture and strangulation disease: Moisture disease spreads more when there is high humidity in 

the environment. In the symptoms caused by this disease, due to the attack of fungus in the collar area the 

stem becomes rotten and the plant falls down. In root rot disease, the roots of the plants turn black and rot 

and the whole plant dies. 

https://blog.agrivi.com/post/importance-of-soil-analysis
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Materials Required 

1. Spade or auger hole 

2. Khurpi   

3. Sampling bags 

4. Bucket/tray. 

Some of the Considerations for Soil Collection 

1. During the fallow interval, acquire the soil sample. 

2. In the standing crop, collect samples between rows. 

3. Homogeneity is achieved by sampling in a zig-zag pattern at many locations. 

4. Fields with comparable look, productivity, and historical management methods can be combined into a 

single sample unit. 

5. Collect independent samples of colour, slope, drainage, and prior management methods such as liming, 

gypsum application, fertilisation, cropping system, and so on from various fields. 

6. Sampling should be avoided in dead furrows, moist regions, positions near the main bund, trees, manure 

heaps, and irrigation channels. 

7. For shallow-rooted crops, take samples up to 15 cm deep. For deep-rooted crops, collect samples up to 30 

cm deep. For tree crops, collect profile samples. 

Procedure for Soil Collection 

The land can be separated into discrete homogenous units based on eye observation and farmer experience. 

The surface litter must be cleared at the sample site. At a plough depth of 15 cm, a soil sample can be 

drawn with the use of an auger hole. It is possible to gather 10 to 15 samples from each sampling unit. If 

an auger is not available, a spade can be used to make a 15 cm deep 'V' shaped incision in the sample area 

and collect the sample. The soil sampling depth for different crop/vegetation/plantation is given in Table 1. 

 
Use of auger hole or spade use for soil sample collection 

(Sources: http://gregg.agrilife.org/files/2011/09/howtotakeasoilsample_3.pdf) 

Table 1. Soil sampling depth for different crop/vegetation/plantation: 

S. No. Crop/vegetation/plantation Soil sampling depth (cm) 

1. Fodder and grasslands 5 

2. Rice, finger millet, groundnut, pearl millet, small millets etc. 

(shallow rooted crops) 

15 

3. Cotton, sugarcane, banana, tapioca, vegetables etc. (deep 

rooted crops) 

22 

4. Orchards and plantations Three soil samples at 30, 60 

and 90 cm 

(Source: https://agritech.tnau.ac.in) 

4 Steps for ‘V’-Cut Sampling Soil 
1. Make a V-pit by dipping the spade into the soil at an angle, about 15 to 20 cm deep. Repeat on the other 

side, removing enough soil to produce a V-shaped trench 15 to 20 cm deep (or the depth of tillage). 

2. Cut a slice of soil (about the thickness of a 30 cm thick bread slice) from the top to bottom of each of the 

V-two pit's sides. Place it in a container. 

http://gregg.agrilife.org/files/2011/09/howtotakeasoilsample_3.pdf
https://agritech.tnau.ac.in/
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3. Repeat and collect furrow slices from at least 8 points around the garden or up to 30 sites throughout 

the agricultural field in a random, criss-cross or zig-zag manner. Make a note of the location of each soil 

sample. 

4. Mix the soil from the bucket thoroughly on a piece of clean paper or cloth. Divide the soil into four parts 

and spread it out evenly. Reject two opposing quarters and re-mix the remaining dirt. Repeat the process 

until you have roughly half a kilogramme of dirt remaining, then gather it in a clean cloth bag.  

5. Label each soil sample appropriately with date of sampling and the locations of each soil sample, on a 

sheet of paper. Fold the paper in half and place it in the resealable plastic bag. Attach a duplicate to another 

piece of paper outside the plastic bag. 

 
Demonstration of Soil Sample Collection at Pheidinga, Imphal West district, Manipur 

 

 
Quarter method of soil sampling 

Preparation of Soil Sample for Testing 

First of all, removing extraneous objects such as roots, stones, pebbles, and gravels from the samples is 

necessary. Using the quartering or compartmentalising the mass, the soil sample can be reduced desirable 
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quantity may be down to roughly half a kilogramme. By dividing the fully mixed sample into four equal 

halves, it is quartered. The two opposing quarters are removed, the remaining two quarters are combined, 

and the operation is repeated until the needed sample size is reached. Spreading the dirt equally on a clean, 

hard surface and dividing it into smaller compartments by drawing lines along and across the length and 

breadth is how compartmentalization is done. A clean sheet or a polythene bag should be used to gather 

soil samples. The farmer's name, the farm's location, the survey number, the previous crop grown, the 

current crop, and the crop to be cultivated in the next season, the date of collection, the sampler's name, 

and so on should all be recorded on the sample. 

Conclusions 

Farmers in India have come to accept the practise and usage of soil testing during the last decade. Soil 

testing has been started in all districts of Manipur by the concerned existing Krishi Vigyan Kendra and 

Departed of Agriculture, Government of Manipur since 2015. It has been benefited to many famers of 

Manipur in utilizing optimal amount of fertilizer for sustainable crop production. The apparent incentive 

for the considerable interest in soil testing has been the possibility for higher yields and earnings. In 

general, the results of soil tests will give fertiliser recommendations for nitrogen, phosphorous, potassium, 

and limestone. Soil testing can also assist you in determining which micronutrients your crop need. If too 

little fertiliser is used, crop yields and earnings will suffer. Too much fertiliser costs time and money, and 

it also increases the risk of nutrient runoff, which can harm the ecosystem. As a result, soil testing is a 

farm management tool that may assist farmers in increasing yields, lowering operating costs, and better 

managing environmental risk. Additional advantages include improved crop maturity and quality, higher 

disease and pest resistance, and increased growth. Soil testing is also the most precise way to figure out 

how much limestone a crop will need. As a result, it can help farmers achieve higher yields, cheaper 

operational costs, and better environmental risk management, as well as improved crop maturity and 

quality, stronger disease and insect resistance, and increased growth. 
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A rectangular – shaped plot with its formal straight lines can be just as much of a challenge as an odd 

shaped plot.  In the first of our designs for rectangular plots we look at ways of either turning straight 

boundaries into an asset or distracting the eye from them. 

Although many people have odd–shaped gardens, still more possess one of standard rectangular 

proportions. Gardens on the whole are getting smaller due to the demands on housing space and the 

average size measures about 10cm long by 7.5 wide.  

With these proportions in mind, whether you start from scratch or inherit an existing garden, the approach 

should be the same; setting out to create an environment that is not only right for you but at the same time 

attractive to family and visitors alike. 

To many people the ability to ‘design’ implies a degree of professional skill, so it is often easier to think 

interms of reorganization rather than a wholly originally scheme and, again, it is often the simplest solution 

where an established garden is in existence. 

The initial planning can fall into two stages; what you want and what you have got. Your requirements can 

be tackled in exactly the same way as the family shopping list, but instead of the usual groceries you may 

list lawn, greenhouse, shed, vegetables, terrace, barbecue, pool, sandpit, swings, roses and so on. As far as 

existing features are concerned it is best to make a simple scale drawing, using graph paper, and note down 

the north point, good or bad views, existing planting, trees, positions of doors and windows, changes in 

level, together with any other relevant information. Your plan might not look as neat as the one shown 

below but it should be sufficient to give you a good idea of how to use your own available space to the best 

advantage. 

Nor need there be only one solution to the problem, for just as the furnishing and decoration of a room in 

the house can vary, so can its outdoor counterpart. 

For some reasons people tend to have a horror of rectangular gardens, probably because most designs 

involving straight lines fall into the trap of rigid formality. With a small space, however, it is often 

advantageous to accept the shape of the boundaries, softening them by all means, but using the outline to 

form a frame for a geometric composition, in much the same way as a contemporary artist might do. 

Planning your Priorities 

An average family, with several children, various pets and busy parents, will have general requirements- 

from somewhere to sit and have the occasional meal, a vegetable area, shed or greenhouse, flowers for 

cutting, shrubs and herbaceous material for interest throughout the year, to room for bike riding, games 

and general children’s activities. But above all easy maintenance must be the aim. 

Choice of Planting 

Whether a design is based on rectangles or curves it is sound common sense to keep the areas close to the 

building reasonably architectural, creating a positive link between house and garden. There are a number 

of ways of doing this, the most obvious revolving around a paved area that will serve as a back ground for 

the many activities that call for an easily maintained, quick drying surface. 

Numerous types of paving are available, ranging from the more expensive natural stones and brick and 

granite setts, to pre- cast concrete slabs of various colours and textures. As a general rule crazy paving is 

not the best material to use close to a house, the conflicting shapes clashing with the cleaner lines of the 
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building.  It is also worth bearing in mind that although broken paving is cheap to buy, it is far from cheap 

or quick to lay. Be wary also of colored pre – cast slabs; your terrace should be a background, not gaudy 

feature in itself.  If you are really set on using colours, keep them simple; use two at the most and make 

sure they don’t clash. 

Design Theme-Rectangles 

In our first design we have assumed that the house is built of brick and it is logical, therefore, to use this 

material on the terrace. A simple squared pattern of bricks laid flat was evolved, using the corners and 

projections of the buildings as starting points. The resulting squares were then filled in with a combination 

of rectangular pre- cast paving, planting and a raised bed, that might double as a sandpit or pool. As the 

entire garden is based on rectangles the lines of the terrace were extended on our plan and another series 

were drawn across the page at right angles to form a grid.  The approximate proportions of the various 

features we needed were then shaded in; vegetables, lawn, existing shed, swing and clothes drier. A pattern 

was starting to evolve and by the time we had screened the bad views, created a focal point and added trees 

for vertical emphasis the working design was virtually complete. 

Planting within the Design 

Few people realize how quickly planting can soften a composition and it is therefore very important to have 

a strong ground plan initially, as a weak design very soon loses its line altogether. Planting also helps to 

reinforce the basic pattern and if you are working with rectangles, these can be linked together and 

enhanced by bold groupings. Whatever the size of a garden, individual specimens should be used sparingly 

and then only as a point of emphasis. Groups of three or four would be ideal in the size of garden shown 

here, while a large area could use drifts of 15 or 20 for a corresponding effect. 

We have already mentioned that there are numerous solutions to a single design problem and having 

considered a rectangular approach you might prefer the opposite, utilizing cures. 

Design Theme-Curves 

Whereas in our first garden the basic idea was to reinforce the ground plan, we can now create a design 

that positively leads the eye away from the rectangular boundaries, creating a real feeling of space and 

movement. 

Once again it makes sound sense to keep the area close to the house as an architectural pattern. This time 

you could omit the geometric grid of brick and concentrate on a simple combination of dark grey and 

sandstone colored pre-cast concrete slabs. Planting interlocks with the paving and directs the eye to the 

path that sweeps away around the garden, terminating at the white seat that acts as a focal point. 

Disguising the Manholes 

A problem that frequently occurs in paved areas, close to the house, is that of man hole covers. These are 

invariably sited to create the greatest visual nuisance and people often wonder how they can be hidden. 

First of all, don’t place a single tub or statue on top of them, this will only have the effect of drawing the 

eye and making them all the more obvious. The secret is to conceal them completely, either with a bold 

group of two or three tubs planted with bulbs and annuals, or to surround them with planting. The latter 

effect can be quite simply achieved by omitting the adjacent paving slabs, planting several low spreading 

shrubs such as Cotoneaster horizontalis or Cistus lusitanicus Decumbens (Rock rose), and placing a couple 

of boulders on top of the cover for sculptural effect. In either event the tubs or boulders can be moved in 

times of emergency. 

A slightly more expensive alternative is to buy specially recessed covers, into which paving stones can be 

fitted. This is fine in an area of random rectangular paving but can have the effect of ruining a sequence of 

carefully- laid slabs. Where manholes are cited in the lawn it is generally best to ignore them. Don’t turn 

them over or the resulting grass will die in dry weather and don’t at all costs, use them as bases for bird 

baths, sundials or statue, not only for the reason already mentioned but because their sitting is unlikely to   

bear any relationship to the overall composition of the garden. If they are in fact left alone, grass will slowly 

creep over them and soften the outline. Occasionally you come across the quite horrific spectacle of raised 

manholes that stand proud of the lawn by anything up to 30cm.  This is generally caused by the builder 
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failing to adjust his finished garden levels and it may be possible to lower the cover by removing the 

offending courses of brick and resetting the manhole at the new ground level. If in doubt, call in a surveyor 

or even the builder if he is still around, to check that any alterations will be in accordance with local 

authority regulations. 

An Imaginative Use of Precast Paving Links House with Garden 

 

A Working Design to Scale is Invaluable 
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With the Rigid Outlines of the Plot Softened by a Gentle Curve and Careful Planting, 

this Garden Shows the Result of Good Pre-Planting 
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Design Theme-Diagonals 

A garden plot turns the entire design diagonally across the garden.  Diagonal lines are useful for creating 

a feeling of greater space as they not only direct you away from the main axis of the boundaries but also 

bring the longest dimensions into play, the distance between opposite corners of a rectangle being the 

greatest single length available.  

In this garden plan the back of the house faces due north, in which case only a minimal amount of paving 

is needed outside the French doors, just enough in fact to give access for the side passage and room for a 

single bench seat on which to enjoy the shade during particularly hot weather. A simple buff – coloured 

pre- cast slab was used, giving a visual link with the pale brown finish of the building. 

Siting of Focal Point 

Stepping stones cross the small lawn and draw the eye to the focal point provided by a carefully- chosen 

urn or statue. Statuary and the like can be delightful ornaments in a garden but remember that they are 

dominant features in their own right and should be used sparingly as punctuation marks in the overall 

composition. As a general rule they should be softened and surrounded by planting, a glimpse of a bust or 

figure being far more subtle than glaring nudity. 

Planting within the Design 

In our design the urn is backed by the soft foliage and flowers of climbing roses, these forming an effective 

screen to the small vegetable plot beyond. The path changes direction at the urn or statue, terminating at 

the main sitting area that is built up from an interlocking pattern of brick and pre- cast slabs.  A tree 

behind the sitting area would be an important   element in the design, giving both shade and vertical 

emphasis.  

Few people realize that trees can be bought in a wide range of sizes, from semi- mature specimens that are 

far too big and heavy for the average house holder to manage, right down to small saplings that will take 

many years to show any real potential. 

Different species obviously grow at different rates but when selecting a tree for an important position, such 

as ours, the size known as ‘extra-large nursery stock’ can be ideal. These trees are most usually grown by 

specialist nurseries and although large, can be handled by one or two people. They will probably be about 

4.2 m high and have a girth of anything up to 25-30 cm. 

They establish quickly in a suitably – prepared position and have a far better success rate than the ‘semi 

matures’ that can suddenly fails after two or three years in the ground. We chose one of the vast cherry 

family, Prunus aviatm Grandiflora, a delightful wild cherry tree that bears double white blossoms in late 

spring to early summer (April to May). 

Because the tree was large when planted we felt that a seat around the base would not be out of place. This 

measured 1.8 x 1.8 m and doubled as a table or even sun- lounger.  

The vegetable area was big enough to incorporate a small greenhouse, while the strong pattern of lawn and 

borders was wrapped in planting designed to give variety of leaf and flower throughout the year. 
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Design Theme- the Circle 

A true circle is not the easiest design elements to handle and where a major part of the garden is involved 

it is best to ‘offset’ the feature. Thus, giving the composition a feeling of emphasis in a particular direction. 

Choice of Paving 

As in all our other gardens we needed a paved area at the rear of the house and here again the use of a 

circular design imposed certain restrictions.  The shape of the paving was directly related to the geometry 

of the circle and became an extension of it, radii being extended until they reached and passed the line of 

the buildings. Each new circle represented a line of paving and where any circular pattern is involved small 

modules are the most adaptable. We had therefore a choice of brick, granite setts, stable paviors and 

cobbles. The last we rejected on the grounds that they were too uneven for constant walking and the obvious 

use of tables and chairs. The setts were a possibility but looked a little ‘hard’ against the pebble dash of the 

building. Brick was ideal but in order to save expense and also a considerable amount of laying time we 

evolved a pattern of brick courses that could be filled in with brushed concrete. 

For Brushed Concrete 

Lay   a normal concrete mix of 1:2:3 - one part cement, two-part sand, three parts aggregate – ensuring 

that the aggregate is made from attractive selection of small rounded pebbles. Once the job has started to 

harden, or ‘go off’, brush with a stiff broom. This will expose the aggregate and produce a striking marbled 

effect when dry.  To stop it drying too quickly in very hot weather cover the surface with damp sacking for 

a day or two; in frosty weather dry sacking will be sufficient. 
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The Final Planting 

 
Climbers and planting soften the outline of the paving and house, and there is room for a small herb bed.  

As this garden was to be as maintenance free as possible, we decided against a conventional lawn and the 

main area of the circle was laid with a week mix of concrete, over which was spead13mm of washed gravel. 

Holes were left in the concrete to accept planting, including Rhus typhina Laciniata (Stag’s horn sumach), 

while several groups of large boulders provide a scruptural and slightly Japanese feeling. 

 
Rhus typhina Laciniata 

Stepping stones cross the gravel in a random pattern and lead to the shed that is neatly- screened by 

planting. A seat is carefully sited to one side of the sumachs, while the remain border areas on the outside 

of the circle help to soften and hide the stiff rectangular line of the fences. A high proportion of ground 

covering plants help considerably in keeping the maintenance at a reasonable level and occasional raking 

ensures the gravel is free from leaves. 
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Introduction 

Rodents are the major vertebrate pests causing damage to various crops and commodities by feeding and 

indirect damage by spoilage, contamination and hording during on-farm and post-harvest stages. The 

analysis of the reviews on pre harvest losses indicates a range of 5-15% damage to cereal crops like rice 

and wheat.  It was reported that the overall losses of grain to rodents were approximately 25% in pre 

harvest and 25-30% in post-harvest situations in India. India is inhabited by around 84 species of rodents. 

Out of them 18 species are harmful to the mankind. 

Types of Rodents Associated with Storage 

2 most important types of rodents associated with storage are: 

1. Squirrels 

2. Rats. 

SL No Family Common Name Scientific name Identification 

1 Sciuridae Southern Indian palm 

squirrel 

Funambulus 

palmarum 

Bushy tail slightly shorter 

than it’s body. Back is 

grizzled, grey brown color, 

ears are small, triangular. 

2 Muridae Indian gerbil Tatera indica 17-20 cm long body, fully 

furred black tail, entire head 

is light brown, under parts 

are white, eyes prominent. 

House Rat Rattus rattus Black or dark gray color, 13-

17 inches long, pointed nose, 

long tail with large ears, 

banana shaped 15 mm long 

dropping. 

Norway Rat Rattus norvegicus Brownish red color, 12-18 

inches long, blunt head with 

short tail, 20 mm long 

dropping size with blunt ends. 

House Mouse Mus musculus White abdomen, 6-7 inches 

long, small head, 3-8 mm 

dropping size. 

Mole rat Bandicota bengalensis 30-40 cm long, tail is twice as 

long as house rat, 0.5-1 kg 

weight, blackish brown color 

Rodents Management Tactics 

1. Preventive Measures: 

a. Sanitation: 

i. Regular sweeping the store and keeping both storage and the surrounding area neat and 

tidy so that there will be lack of nesting places for rodents. Removing food scraps left over 

from feeding pets or domestic stock should be done. 
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ii. Rats avoid clear spaces. Therefore, by keeping a strip of two or more meters around a 

building, clear of vegetation will reduce the chance of rats entering the building. 

iii. Branches overhanging the building should be lopped off to prevent climbing species to 

enter from above. 

b. Proofing: 

i. Proofing buildings or keeping food in -rat proof containers. 

ii. Steel rat guards fitted to drain pipes and other attachments to the building should be at 

least one meter above ground level. 

iii. Door hinges and similar fittings should be so placed or protected that rats cannot use 

them for climbing. 

iv. New holes dug by rats should be filled in immediately, repairs should be carried out as 

soon as the damage is noticed. 

c. Curative control measures:  

i. Mechanical Control 

(a) Trapping: 

i. Generally 2 types of traps are used.  Break type and Catching type. Catching 

type is most preferable and it can be either single catching type or multiple 

catching type.  

ii. Sticky or glue traps are another way of catching rats and mice. They are 

boards made of wood, hard- or cardboard covered with very sticky material. 

iii. Traps should be placed where rats move regularly. 

  
 

Break type trap Single catching type trap Multiple catching type trap 

(b) Flushing rodents out of their burrows: This can be done with smoke or by 

flooding them with water.  

(c) Ultrasonic devices: These create a loud noise above the range of human hearing 

(above18-20 kHz) that is unpleasant to pest species 

ii. Biological control: 

(a) Rodents serve as food for Cats, kites, owls, snakes, jungle cats, foxes, 

mongooses and monitor lizards. 

(b) Bacteria, viruses, protozoan as microbes possess biocontrol potential. 

(c) S.typhimurium  and  S.enteritis  have proved ineffective against R. rattus and B. 

bengalensis in India due to poor mortality (15-20%). 

(d) Trypanosoma evansi (protozoan) has proved effective against R. rattus and B. 

bengalensis. 

iii. Cultural Control: 

(a) Frequent deep plowing and harrowing: It destroys the burrows and helps in 

migration of rodents from fields. 

(b) Weed control:  Weeds provide food and shelter. Regular weed control practices 

may minimize the rodent infestation considerably. 

(c) Burning/Removal of wild vegetation. It also destroys the burrows. 

(d) Use of Repellent and Attractant:  Neem oil repel the rats to the tune of 18-

48%. Crude cotton-seed oil (5%) shows anti fertility effects on bandicoots. cotton plugs 

soaked in jiggery solution act as an attractant for rodents as after feed on it, the 

rodents will die due to choke. 

iv. Chemical Control: 

(a) Anticoagulant/ Chronic Rodenticides: 
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i. Anticoagulant rodenticides interfere with the blood clotting mechanism of 

the body.  

ii. The animal gradually dies because of loss of blood through external and 

internal wounds that is hemorrhage.  

iii. So far, resistance has been of no serious consequence in tropical countries, 

are now available in most countries.  

iv. The antidote to anticoagulant rodenticides is Vitamin K. Eg: Difenacoum, 

brodifacoum, bromadiolone, warfarin. 

➢ Multiple Dose Anticoagulant Rodenticides: 

i. Multiple dose anticoagulant rodenticides, such as coumachlor or 

coumatetralyl need to be available at all times because rats have to feed 

on the bait several times over a period of up to seven days before death 

is caused. 

ii. The poison bait should be placed inside bait-stations. To save 

resources each bait station should contain 50 to 100 gm of bait at all 

times.  

➢ Single Dose Anticoagulant Rodenticides: Single dose anticoagulant 

rodenticides, such as brodifacoum, flocoumafen or bromadiolone act in the 

same way as described above but rats normally have to feed on the 

poisoned bait once only (1.5-2 0 g for rats in the case of the most potent 

compounds such as brodifacoum).  

b. Acute Rodenticides/ Fumigants:  

i. Acute poisoning means exposure to poison on one occasion or during a short period of time 

that means a single dose is enough to kill the pest. 

ii. The simplest method is to use a powder which releases hydrogen cyanide, or aluminium 

(magnesium) phosphide tablets which release phosphine when placed into the burrows. The 

gases are generated when the powder or tablets come into contact with moisture in the soil.  

iii. Alternatively, methyl bromide gas may be pumped into the burrow system. 

iv. As soon as the fumigant has been applied all burrows must be closed, by filling the 

entrance holes with earth. 

Recommended Doses of Rodenticides 

1. Zinc Phosphide - 2% -2.5% (80% a.i) - 96 parts broken rice+2 parts oil+ 2 parts poison. 

2. Bromadilone- 0.005% (0.25%CB) –   96 parts broken rice 2 parts oil 2 parts poison. 

3. Aluminum Phosphide - 0.6g pellets - 2 per burrow. 

Conclusion 

There is no step-by-step advice or specific strategy one could propose to cover all situations. The strategy 

needs to be developed by a knowledgeable person familiar with the situation concerned. Even then, it will 

be necessary to test different procedures. Even today people still talk about rat free towns or stores. This 

may be possible in theory or in some special situations. When designing a strategy, one should also decide 

on and differentiate between the temporary clearing of a heavily rat-infested store and the long-term 

prevention of rat infestations. One person on the premises should have a fair knowledge of rodents and 

their control. Although training may not be essential, it helps in improving efficiency. 
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Introduction 

A biosphere reserve is a voluntary, cooperative, conservation reserve created to protect the biological and 

cultural diversity of a region while promoting sustainable economic development.  It is a place of 

cooperation, education and experimentation, where scientists and managers can share research data to 

better understand man's impact on nature, and where local communities, environmental groups, and 

economic interests can work collaboratively on conservation and development issues. 

Components of Biosphere Reserve 

In order to be designated a biosphere reserve, a candidate ecosystem must be nominated by a national 

government and approved by the UNESCO's Man and Biosphere Programme. In order to satisfy UNESCO's 

program requirements, each biosphere reserve must contain three elements: 

1. Core Area: These areas are securely protected sites for conserving biological diversity, monitoring 

minimally disturbed ecosystems, and undertaking non-destructive research and other low-impact uses 

such as education. 

2. Buffer Zone: These areas must be clearly identified, and usually surround or adjoin the Core Areas. 

Buffer Zones may be used for cooperative activities compatible with sound ecological practices, including 

environmental education, recreation, ecotourism and applied and basic research. 

3. Transition, or Cooperation, Zones: These areas may contain towns, farms, fisheries, and other 

human activities and are the areas where local communities, management agencies, scientists, non-

governmental organizations, cultural groups, economic interests, and other stakeholders work together to 

manage and sustainably develop the area's resources. 

Functions of Biosphere Reserves 

Each biosphere reserve is intended to fulfil 3 basic functions, which are complementary and mutually 

reinforcing:   

1. Conservation function - to contribute to the conservation of landscapes, ecosystems, species and 

genetic variation;  

2. Development function - to foster economic and human development which is socio-culturally and 

ecologically sustainable;  

3. Logistic function - to provide support for research, monitoring, education and information exchange 

related to local, national and global issues of conservation and development. 

Conclusion 

Biosphere reserve can be used as a framework to guide and reinforce projects to enhance people's livelihoods 

and ensure environmental sustainability. The designation of a site as a biosphere reserve can raise 

awareness among local people, citizens and government authorities on environmental and development 

issues. It can help to attract additional funding from different sources. At the national level, biosphere 

reserves can serve as pilot sites or ‘learning places’ to explore and demonstrate approaches to conservation 

and sustainable development. 
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Transposons 

Term “transposon” –coined by Hedges and Jacob in 1974. “Genetic elements of a chromosome that have 

the capacity to mobilize and move from one location to another in the genome.” 

Other Names 

Jumping genes, mobile element, selfish genetic elements, insertion sequences, roving genes, controlling 

elements. 

History 

1. Marcus Rhoades: studied the dotted locus of maize. He said “Dt gene produced something that 

accelerated the mutation observed.” 

2. Barbara Mcclintock Chief Discoverer): Studied transposable elements in corn (Zea mays) during1940s-

1950s formerly identified as mutator genes by Marcus Rhoades in 1930s. Nobel Prize in Physiology or 

Medicine, 1983. 

Classes of Transposons 

DNA-Mediated: 1. Ac/Ds elements from the maize 2. P-Element from Drosophila  

RNA-Mediated: 1. Viral retro transposons: 1. Ty elements from Yeast 2. Copia elements from Drosophila, 

LINEs  

Non-viral retrotransposons: SINEs (Alu sequences from humans). 

Controlling Elements in Maize 

1. Autonomous: have transposase gene and can transposase itself. e.g., Ac elements in maize 

2. Non-autonomous: lack transposase gene & can transposase only in presence of an autonomous element. 

e.g., Ds elements in maize 

3. Insertion of either type of element into a gene causes that gene to be disrupted, producing a mutant 

phenotype. 

Structure of Ac Ds Elements 
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Possible Play? 

 

The True Play 

 

1. Insertion of an autonomous element is unstable, because it can direct its own transposition over and 

over. The mutation can occur in each generation; the allele produced by the insertion is called a mutable 

allele because of its instability. 

2. Insertion of a non-autonomous element is stable, because it needs the products of the autonomous 

element in order to transpose and produce the mutant allele. 

 
Top row: Wild type pigmented kernel. 

Second row: Ds is inserted into pigment gene (C) permanently, disabling it. By itself, it can't move. It's 

stuck. Ds is a non-autonomous element. 

Third row: Ds and Ac both present, Ds can now excise from the C gene in some cells (i.e., it can transpose) 

during development, creating developmental fields that can produce pigment. This is because Ac has 

provided the elements needed for Ds to transpose. 

Fourth row: Ac is inserted into pigment gene, but not permanently, as it can provide the elements that 

allow its removal from the gene. Ac is an autonomous element. 

Retrotransposons 

Their movement depends on the reverse transcription of RNA into DNA. The enzyme reverse transcriptase 

uses RNA as template to synthesize DNA molecules, the process is called retro transposition. 

Transposon Structure 
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Characteristics 

1. Present in genomes of all life forms. Eg. 50 % human and maize genomes are composed of transposans 

related sequences. 

2. Transposon’s content in different genomes is highly variable. 

a. Maize                   Ac/Ds, Spm/dSpm  

b. Rice                           Copia family 

c. Arabidopsis               Ta family 

d. Barley                 Bis 1 family 

3. Codes for transposase. 

4. Disrupts the integrity of target gene. 

5. No homology observed between transposons and target site. 

6. Sometimes mutations caused by insertion sequences are unstable. 

Mechanisms of Transposition 

1. Replicative mechanism: Common in prokaryotes, original segment remains in place, a copy is inserted 

at the new position. eg. Transposition of Tn3. 

 

2. Non replicative mechanism: 

 

3. Conservative mechanism: No increase in copy number, excision from original place and inserts 

elsewhere. 

 



 

 
Volume 3 - Issue 12 - December 2021       303 | P a g e  
 

Cut and Paste Mechanism 

 

Insertion of IS 

 

Transposition via RNA Intermediate 

Also called “Retrotransposon”. First, the DNA is transcribed to RNA than reverse transcriptase to make a 

DNA copy of the RNA and Inserted in a new location. 

 

 

Molecular Consequences 

Generates a repeated sequence of the target DNA. It is generated during the process of integration itself. 

The number of base pairs is a characteristic of each element. 

Applications 

1. Transposon tagging: Used to isolate genes where gene product is unknown. 

a. Transposon is used as a tag. 

b. First gene cloned by transposon tagging was maize bronze gene (Flavonoid 3-o-

glucosyltransferase) of anthocyanin biosynthesis (Fedoroff et al., 1984) (Ac/Ds system). 
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c. Used in Rice, Arabidopsis, Tobacco and maize. 

d. Recently used to identify genes for pre harvest sprouting in wheat. 

2. Transposons in evolution: Generates useful genome changes. It brings about new combination of 

gene. It establishes variation in populations. Eg. Presence of large continuous blocks of retrotransposons 

in maize distinguishes it from sorghum.  

3. Mutagenesis tool: Mutagenesis with a transposon will produce strains with a single insertional event. 

Eg. Black skinned grapes, white skinned grapes due to insertion of retrotransposon, Red skinned grapes 

due to loss of retrotransposon. Transposon mutagenesis systems are being developed in rice to address gene 

functions.  

4. In genome restructuring: Genomes are restructured by transposition and rearrangements from 

interactions between dispersed transposons.  

5. As markers: LTR RT based molecular markers, e.g., biodiversity and linkage study in maize, pea, 

barley. Non-LTR RTs as molecular markers, e.g., rice p-SINE1 used to demonstrate divergence of O. 

rufipogon and O. sativa from Oryza ancesters.  

6. For recombinant DNA modifications: Recombinant DNA can be manipulated in vivo by tagged 

transposons carrying novel sequences. Considerable savings in time and cost of DNA manipulation. 

7. In vivo cloning: Low-copy mini-Mu vectors were used successfully for cloning of genes. Ability to clone 

relatively large regions of a chromosome. 

8. In Plant breeding: Site directed mutagenesis allows scientists to introduce mutations into specified 

gene -for this transposon are used. 

9. Somaclonal variation. 

10. In sequencing: Transposon-based sequencing - powerful method for generating templates for 

sequencing. In addition, a single transposition reaction can generate enough clones to sequence even large 

DNA inserts such as BAC clones. 

Conclusion 

1. Transposons are present in the genomes of all organisms, where they can constitute a huge fraction of 

the total DNA sequence.  

2. They are a major cause of mutations and genome rearrangement.  

3. The ability of transposable elements to insert and to generate deletions and inversions accounts for much 

of the macromolecular rearrangement.  

4. They cause mutation which is used in the production of different colour of grapes, corn and other fruits.  

5. As a result they are used in the genetic studies. 
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Introduction 

Milk is nature's ideal food. Milk is an important food of diet of vast population on earth as well as Milk is 

universally recognized as a complete diet due to its high nutritional value for human beings.  Milk is an 

important source of protein, fat, carbohydrates, vitamins and minerals. Milk is nutritious and is a major 

source of nutrition for young mammals before they can digest other foods (Bankol et al., 2011). Milk is 

important source of nutrients to maintain adult health. It is made up of about 87.2% water, 3.7% fat, 3.5% 

protein, 4.9% lactose 0.7% ash and 6.6 pH (Olatunji, 2012). All of these components make milk a nutritious 

food. Milk composition has a different in nature and the composition varies with stage of lactation of 

animal, age, type of breed, animal nutrition and health status of the udder of milking animal. Milk protein 

contains all nine amino acids needed by humans, especially young people, for growth and development. 

Protein is necessary for many vital functions in human body. The nine important amino acids in the milk 

are histidine, methionine, phenylalanine, isoleucine, leucine, lysine, threonine, tryptophan and valine. 

Milk minerals have many uses in the human body viz. enzyme activities, in the process of bone formation, 

to maintain water balance and oxygen transport. Milk fat and lactose are good sources of energy to the 

human body. Milk vitamin vitamins play a number of roles in the body including metabolism, hormonal 

precursors and as an antioxidant. 

Different Components of Milk and its Importance in Human Health 

1. Lipids:  Milk fat is the most complex of all natural fats considering that many different fatty acids build 

up triacylglycerols. The amount and milk of fatty acid composition depends on the species of the animal, 

the stage of lactation, dietary factors. On average, milk contains 33 g total fat /litre. Milk contains saturated 

and unsaturated fatty acids. Phospholipids and glycosphingolipids account for approximately 1% of all milk 

lipids. Each fatty acids play specific role in human health. Butyric acid is a well-known for gene expression, 

and it may play a role in cancer prevention (German,1999). Capric acids and Caprylic possess antiviral 

activity. Also, Lauric acid possess antiviral as well as antibacterial functions. Oleic acid is considered 

healthy, as a monounsaturated fatty acid diet will lower plasma cholesterol.  

2. Protein:  Milk protein is high in biological value and it is therefore a good source of essential amino 

acids. Milk contains a large number of proteins that have biological functions ranging from those that fight 

germs to those that help absorb nutrients and also act as growth factors, hormones, enzymes and 

antibodies. Milk is often regarded as an important source of protein in the human diet, providing about 32g 

of protein per litre. Casein, a protein found only in milk. It accounts for 82% of the total milk protein content 

and is used as a protein test for other foods. The main role of casein is mineral binding, especially carriers 

of calcium and phosphorus. The total casein can be divided into α, β and k -casein. It improves digestion in 

the stomach.  In addition to the high quality and biological value, milk proteins and several bioactive 

peptides due to their enzymatic hydrolysis have shown many biological roles. Protein is needed to build 

and repair tissue and to make the immune system circulate in the blood and help fight infections. The main 

biological actions include antibacterial, antiviral, antifungal, antioxidant, antihypertensive, antimicrobial, 

antithrombotic. Different bioactive proteins and peptides are obtained from milk proteins and they act as 

a modulator of various regulatory processes in the human body, some of which are produced at industrial 

scale and are considered to be used as ingredients in both functional food and in different medications. 

3. Vitamins:  Milk contains a lot of vitamins and antioxidants. The milk contains fat soluble vitamins 

namely A, D and E and also water-soluble vitamin such as B complex viz. thiamine riboflavin and vitamin 

B12.  Riboflavin (vitamin B2) that helps promote healthy skin and eyes. Vitamin A is essential for growth, 
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development, immunity, reproduction, cell division, skin and eye health and its milk content depend largely 

on fat, but also on other factor such as animal feed (Gaucheron, 2011). Vitamin E is associated with 

reducing the risk of cancer as well heart disease, and that vitamin E can stimulate T cells and boost the 

immune system. 

4. Minerals: Milk is an excellent source of different minerals such as calcium, phosphorus, magnesium, 

iron, selenium, copper, sodium, potassium and chloride. Calcium is one of the important and main minerals 

in milk. In the human diet adequate calcium intake is essential. Getting enough calcium in the diet provides 

healthy bones and teeth and may help prevent high blood pressure, reduce the risk of breast cancer, 

improve weight control and reduce the risk of kidney failure. Selenium is essential for human health, 

contributes to human health by antioxidant system also, DNA repair. selenium can protect against asthma 

in humans. phosphorus is also an important component of milk. It is present in organic and inorganic 

forms. Magnesium plays an important function in the human body. Magnesium deficiency led to 

atherosclerosis. 

Conclusion 

Milk is an ideal food for all ages of people. Milk is excellent source of   protein, lipids, essential vitamins 

and minerals. Milk is a good source of protein with a high biological value that plays an important role in 

immune function and nutrient transport and absorption. 

References 
1. Bankole, A.A., Secka, A. and Ly, C. (2011). Risk behaviours for milk-borne diseases transmission along the milk chain in The 

Gambia and Senegal. Journal of Tropical Animal Health and Production, 43(1):103–109. 

2. Gaucheron F. (2011). Milk and dairy products: a unique micronutrient combination. Journal of the American College of 

Nutrition, 30 (5):400–409. 

3. German, J.B. (1999). Butyric acid: a role in cancer prevention. Nutrition Bulletin, 24:293-299. 

4. Olatunji, E. A., Jubril, A. E., Okpu, E. O., Olafadehan, O, A., Ijah, U. J. and Njidda, A. A. (2012). Bacteriological and Quality 

analysis of raw milk sold in Abuja, Nigeria. Food Science and Quality Management 7. 
  



 

 
Volume 3 - Issue 12 - December 2021       307 | P a g e  
 

21st Century Farming: A Practical Approach to Improve 

Soil Health 
Article ID: 35312 
Siguram Rohith1 

1Ph.d Scholar, Division of Agricultural Economics, ICAR- Indian Agricultural Research Institute, Pusa, 

New Delhi, 110012. 

 

 

Introduction 

The simple definition of soil health is the ability of the soil to function. How well does your soil work to 

penetrate water and recycle nutrients to support plant growth? Management practices that improve soil 

health increase productivity and profitability both immediately and in the future. A fully functional soil 

produces the maximum number of products at the lowest cost. Maximizing soil health is essential to 

maximize profitability. Earth won't work for you if you overdo it. The soil is a living factory for microscopic 

and macroscopic organisms that need food to feed themselves and places to live to do their work. 

Surprisingly, there are more individual organisms in a teaspoon of soil than there are humans on Earth. 

Therefore, the soil and its processes are controlled by these organisms. The living soil feeds mainly on 

sunlight. Farms have land, water and sun. The challenge is nurturing the soil, harvesting sunlight and 

sustainable agriculture to earn a living now and in the future. Tillage, fertilizers, livestock, pesticides, and 

other management tools can be used to improve soil health, or they can significantly damage soil health if 

not applied properly. Soil health management (improving soil function) is primarily concerned with 

maintaining suitable habitats for the large number of organisms that make up the soil food web. This can 

be achieved by the following ways. 

Administer More While Reducing Soil Disturbance 

Tilling the earth is equivalent to an earthquake, a tornado, a hurricane and a forest fire simultaneously in 

the world of soil organisms. Physical disturbances in the soil such as ploughing with a plough, disc plough 

or mould board plough resulting in bare or compacted soil are destructive to soil microbes and create a 

hostile place, rather of hospitable, where they can live and work. Ploughing is bad for the soil.  

Soils can also be affected chemically or biologically due to the misuse of inputs, such as fertilizers and 

pesticides. The soil and all the organisms that live and grow on the soil inputs recycles plant nutrients for 

a long time without any human intervention. 

Therefore, soils and plants have highly effective and sophisticated ways of working together to ensure their 

mutual sustainability. When we add chemical inputs to the soil, we have to understand and respect the 

relationships that exist between the soil and the plants gets disturbed or we can configure the system to be 

ineffective or worse, to fail completely.  

If crop nutrients are applied to the soil in excessive amounts, plants will not develop links with soil 

organisms to help them obtain water and nutrients. Once the party is over and the synthetic fertilizers are 

used up, the plants are left "up and dry" with little or no plant workers to help them access water and 

nutrients for the remainder of the growing season. 

The plants then give up valuable energy (sugars) in an attempt to bond with microbes midway through the 

growing season, when the plant must put that energy into flowering and developing seeds to produce a 

harvestable crop. By using too much fertilizer, especially nitrogen or phosphorous, we make plants that are 

very inefficient because they try to function without the soil support system that they have developed.  

By reducing nutrient inputs, we can take advantage of soil nutrient cycles to deliver nutrients to crops and 

allow plants to make essential contacts with soil organisms. This ensures that plants can reach their full 

potential and that the soil can perform all of its desired functions to its full potential. If we knew about 

complex life on earth and worked with it instead of interrupting it, we would be taking advantage of a great 

deal of space. 
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Diversify with Crop Diversity 

The living functional soil depends on the efficient flow of light energy from the sun. Using chlorophyll to 

absorb energy from sunlight, green plants convert atmospheric carbon dioxide and water into 

carbohydrates (starches, sugars, lignin, and cellulose) in a process known as photosynthesis. The energy of 

sunlight is stored in these carbon compounds, which are the building blocks of the roots, stems, leaves and 

seeds of plants.  

There are two main mechanisms by which carbon enters the soil and feeds the organisms in the soil food 

web. The first one involves the association between plants and certain types of microbes, in which the 

sugars produced by the plant are released from their roots and exchanged with the microbes for nutrients 

that support plant growth. The second mechanism is that the soil feeds on dead plant material, such as 

leaves, stems, and roots, releasing soil carbon in its wastes or as it dies and decomposes. In this way, the 

carbon that was once in the atmosphere is transferred to the soil as organic matter.  

Microorganisms in the soil are responsible for breaking down organic matter and releasing nutrients 

available to plants. A variety of plant carbohydrates are needed to maintain a variety of microorganisms 

living in the soil. To achieve this level of diversity, different plants must be cultivated. The key to improving 

soil health is that food and energy chains and networks are made up of many types of plants or animals, 

not just one or two. A guiding principle is that diversity above ground (plants) equals diversity below ground 

(soil food web). Planting various crop rotations is a great way to increase the diversity of the soil food web. 

Biodiversity is ultimately the key to the success of any agricultural system. The lack of biodiversity greatly 

limits the potential of any agricultural system and increases the problems of diseases and pests. The food 

web of diverse and fully functional soils provides the nutrient, energy and water cycle that allow soils to 

express their full potential. Increasing the diversity of crops and cover crops improves soil health and 

function, reduces input costs and increases profitability. 

Growing Live Roots All Year Round to Nourish Soil Organisms 

The soil’s food web is a complex association of organisms responsible for breaking down crop residues and 

recycling the nutrients available in the soil. Every living creature has something to eat or something that 

eats it. There are many soils food sources that feed the soil food web, but no food is better than the sugars 

excreted by living roots.  

Living plants maintain a rhizosphere, an area of concentrated bacterial activity near the root. The 

rhizosphere is the most active part of the soil because it is where the easiest to eat food is available and 

this is where the maximum circulation of nutrients and water occurs. Plant roots give off microbial 

nourishment to attract and nourish microbes that deliver nutrients (and other compounds) to the root-soil 

interface where the plant can take them up. Since live roots are the simplest food source for soil microbes, 

planting a long-season or cover crop after a short-season crop nourishes important species in the soil's food 

web as much as possible during the growing season. When carbon is not available in living roots, nutrient 

and water cycles occur at a much slower rate. The process is slower because the microbes involved have to 

do more work, often assigning parts of tasks to many other organisms and shifting resources more. Soil 

organisms feed first on the sugar from the roots of living plants. They then feed on the roots of dead plants, 

followed by aerial crop residues such as straw, pods, stems, flowers and leaves. Finally, they feed on the 

humic organic matter of the soil. The roots of dead plants and crop residues should be mowed down by tiny 

arthropods in the soil, such as spider mites, mealy bugs, earlobes, beetles and ants. 

Keep the Land Covered as Much as Possible 

Ground cover retains moisture, intercepts raindrops to reduce their destructive effect, inhibits weed 

growth, and provides a home for members of the soil food chain who spend at least part of their time above 

the ground. This is true regardless of land use (agricultural land, hay meadows, pasture or pasture). If your 

goal is to improve soil health, you shouldn't see the soil very often.   

The ground should always be covered with growing plants and / or their debris, rarely visible from above. 

Ground cover cannot be taken for granted. Even in a no-tillage system, there are times when soil cover is 

reduced due to crop harvesting methods, the amount of residue produced, and the low carbon: nitrogen 

ratio of some crop residues, leading to rapid decomposition.   
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The ground cover protects puddles of dirt from "flying" with the force of falling raindrops. Even healthy 

soils with stable hydrophilic aggregates (bound by bio-adhesives) that can withstand rain may not 

withstand the "bombardment" of raindrops. When hydrophobic aggregates in the soil are covered with crop 

residues or living plants, they are protected from rotting by the energy that flows from the raindrops. When 

the soil aggregate remains intact on the soil surface, the water seeps into the soil and is available to the 

roots of the plants.  Covering crop residues on the surface of the soil removes weeds early in the growing 

season, giving the desired crop a head start. This is especially the case for crop cover that can cover the 

entire soil surface at once. They also keep the soil cool and moist, providing a suitable habitat for many 

organisms that begin to break down the debris by cutting it into smaller pieces. If these "shredders" have 

a good waste habitat, they can increase waste breakdown and therefore nutrient cycling by up to 25%. 

Keeping the land covered while allowing crop residues to decompose (so its nutrients can be recycled back 

into the soil) can be a balancing act. Farmers need to pay particular attention to crop rotation (including 

cover crops) and residue management if they want to keep the soil covered and nourished at the same time. 

Soil Health for Your Farm and Farm for You 

The key to promoting soil health is to first understand that the soil is a biological system. Soil health is 

improved by reducing soil disturbance, planting the widest variety of crops (alternate and equally diverse 

mixtures of cover crops), keeping as many roots alive in the soil as possible (with crops and cover crops) 

and keeping debris from the cover floor at all times.   

Drills, planters, seeds, fertilizers, pesticides, livestock, fences, water, agricultural implements, etc. all are 

tools that can be used to manage soil habitats for the benefit of living members of the soil food web. 

Organisms in the soil food web cycle crop nutrients and release organic binders that increase the stability 

of the soil aggregate. Soil assemblages provide these organisms with a protected habitat. Stable soil 

aggregates are essential for water infiltration and gas exchange, both of which are essential for agricultural 

production. Many types of soil suffer from the problem of water infiltration, which leads to the problem of 

surface runoff. If the health of the soil improves, the structure of the soil leads to more water infiltration, 

less runoff, less or no erosion, and less incidence of flooding and sedimentation. 
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Introduction 

In India, organic farming has been practiced for thousands of years. Organic farming is an agricultural 

method where organic manure derived from compost and animal or plant residues is used for pest control. 

Organic farming began to respond to environmental suffering caused by chemical pesticides and synthetic 

fertilizer. It is a new agricultural system that repairs, preserves and improves the environment. In India, 

organic farming is very inexpensive and does not use expensive fertilizers or pesticides or high yielding 

varieties for growing crops. By using the cheapest and domestic waste as a starter, the farmer can get a 

good return on his investment. There is a huge demand for organic products in India and all over the world 

and can earn more income through exporting. The crop produced is highly nutritious, delicious and healthy. 

Organic farming respects the environment. There are various schemes that promote organic farming in 

India like: 

1. Paramparagat Krishi Viaks Yojana. 

2. Rastriya Krishi Vikas Yojana. 

3. MOVCDNER (Mission Organic Value Chain Development for North Eastern Region) Scheme for Organic 

Framing). 

4. National Programme for Organic Production. 

5. National Project on Organic Farming. 

6. Capital investment subsidy scheme under Soil Health Management Scheme. 

7. National Mission on Oilseeds and Oil Palm Scheme for Organic Framing. 

8. National Horticulture Mission. 

Parabarajat Krishi Viaks Yojana 

This is one of the government programs for organic farming in India. Paramparagat Krishi Vikas Yojna 

(PKVY) is excellent in organic farming to stabilize sustainability, ensure long-term development of soil 

fertility and provide healthy foods grown through organic farming practices. The participatory assurance 

system will be the main objective of quality assurance under Paramparagat Krishi Vikas Yojna. 

The PKVY program is implemented to promote organic farming. However, this will improve soil health and 

organic matter content and increase the farmer's net income. The PKVY system promotes organic farming 

on the basis of groups approved by the Participatory Guarantee Systems (PGS). Under the PKVY program, 

cluster formation, training, certification and marketing are supported. An aid of 50,000 INR per hectare is 

granted every 3 years, of which 62% of Rs. 31,000 is given to encourage farmers to obtain inputs from 

organic farming. 

Implementation of Paramparagat Krishi Vikas Yojana 

1. PKVY Scheme is a cluster-based program to promote organic farming. 

2. PKVY is a collectively accredited program to promote organic farming. Then that will bring 5,000,000 

acres to organic farms for over 3 years. 

3. Under the PKVY program, each farmer will receive Rs. 20,000 per acre over 3 years for seeds until 

harvest and marketing of the product. In addition, organic farming will be promoted by rational means 

within the framework of the mechanism. After that, links will be created between organic products and the 

market according to the scheme.  

4. The plan will increase domestic production and certification of organic products by farmers. The 

government sanctioned an amount of Rs. 300 crore rupees for this program in 2015-16.  
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The objective of this program is to produce agricultural products free of chemicals and pesticides. The main 

areas of action in the promotion of organic farming under the PKVY program are as follows: 

a. Organic farming is encouraged among young people / farmers / consumers / rural traders.  

b. Disseminate the latest technologies in organic farming using the expert services of India's public 

agricultural research system. 

Organic Area Selection Criteria Under PKVY 

1. Less use of chemical fertilizers and pesticides will be encouraged, preferably in mountainous and rainfed 

areas.  

2. The cluster approach will be based on large plots of up to 1,000 hectares. The chosen group should be in 

a contiguous area which may extend over some neighboring villages (but not over large areas in sparsely 

distributed villages).  

3. The formation of organizations of agricultural producers on the basis of Gram Panchayat for promotion 

within the framework of the PKVY program will be encouraged.  

4. The maximum aid to which a farmer is entitled will be a maximum of one hectare of land. In the mass, 

there must be at least 65% of small marginal farmers. Preference should be given to women farmers in self-

help groups.  

The government has increased the subsidy amount from Rs. 100 to Rs. 300 per hectare to enhance the use 

of organic fertilizers under the PKVY scheme. Special scheme allowance of Rs. 100 crores have been 

launched in the North East District (NEH) to promote organic farming and export of organic produce. 

Rastriya Krishi Vikas Yojana 

RKVY is a government supplementary central aid scheme launched by the government of India in August 

2007. Its aim is to achieve annual growth of agriculture through the development of agriculture and related 

sectors. The RKVY scheme is funded annually through a state plan scheme. It was launched to improve 

the use of organic agricultural practices and reduce dependence on chemical agricultural inputs. 

Objectives of Rashtriya Krishi Vikas Yojana 

1. Encourage states to increase their investment in agriculture and related sectors.  

2. Provide flexibility to states in planning agricultural programs. 

3. Ensure the agricultural plans developed for states and districts. 

4. Achieve goal of reducing yields gaps on some crops important to maximize farmers' income. 

5. Approach agricultural sectors in an integrated way. 

Key Features of RKVY 

1. RKVY is the state plan to increase the state plan spending in agriculture and related sectors and its base 

is determined on the basis of the average expenditure incurred by state government for the three years 

prior to the previous year. 

2. The preparation of agricultural plans is mandatory. The RKVY scheme encourages convergence with 

other programmes. 

3. In addition, it will comprehensively integrate agriculture and related sectors. These systems will provide 

great flexibility to states.  

4. Projects with specific deadlines are highly recommended. 

MOVCDNER (Mission Organic Value Chain Development for North Eastern Region) 

Under this program, farmers receive assistance of around INR 25,000 / ha / 3 years for organic inputs. 

Support for the formation of agricultural producer organizations, capacity building and post-harvest 

infrastructure of up to Rs 2 crore is also provided in the program. This is a central sector program that is 

the Ministry of Agriculture and Farmers Welfare to implement in the states of Arunachal Pradesh, Assam, 

Nagaland, Sikkim, Manipur, Meghalaya, Mizoram and Tripura. 

Next, this program aims to develop certified organic products and also supports the development of the 

entire value chain from inputs, seeds, marketing initiatives and branding. The government has launched 

a value chain based organic agriculture program in the Northeast region. A total amount of Rs 115 crore 
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has been allocated to this program. This organic value chain program helps to catalyze the massive political 

explanation of organic entrepreneurship in the region. 

Key Objectives of the MOVCDNER Program 

1. The MOVCDNER program develops the organic value chain and the marketing of organic agricultural 

products.  

2. Replace traditional farming or a subsistence farming system with a high-value, self-sufficient, resource-

based commercial organic business. 

3. Enhance organic parks with facilities for collection, value added, processing, storage, and market 

linkages for specific products that require capital-intensive technology. 

National Programme for Organic Production (NPOP) 

NPOP was launched in 2001 and is the world's largest organic certification program. This system now 

offers the introduction of organic products, organic textiles and organic cosmetics. NPOP has been 

recognized by the European Union and Switzerland since 2006. NPOP delivers certification for organic 

farming through a third-party certification process. The NPOP program is implemented by the Agricultural 

and Processed Food Export Development Authority (APEDA), Ministry of Commerce and Industry. NPOP 

scheme standards for production systems recognized by the European Commission, Switzerland and the 

United States.  

The states promoting the NPOP program are Kerala, Uttarakhand, Madhya Pradesh, Maharashtra, 

Karnataka, Gujarat, Rajasthan, Tamil Nadu, Sikkim, Nagaland and Mizoram. 

NPOP has the Following Objectives and Principles 

1. Provide the means to assess certification programs for agricultural and organic products in accordance 

with approved standards.  

2. Accredit certification programs. 

3. Facilitate the certification of organic products according to national standards for organic products. 

4. Encourage the development of organic farming and processing. 

National Project on Organic Farming (NPOF) 

Under the NPOF program, the Indian government has called for the integration of the use of organic 

manuers, including biofertilizers to increase the production of organic crops. A total of 56 biofertilizer 

production units and 17 fruit or vegetable waste composting units have been created in the country.  

Department of Agriculture and Cooperation, Ministry of Agriculture, Government of India launched the 

central sector plan “National Organic Agriculture Project” during the 10th Five Year Plan on October 1, 

2004, the target of this plan is: 

1. Ensure efficient use of agricultural resources and promote organic farming practices to reduce the burden 

on chemical fertilizers.  

2. Financial support for the installation of a production unit for organic inputs, biofertilizers and 

biopesticides.  

3. Capacity building through service providers.  

4. Salting up of model organic farms.  

5. Development of the organic products market. Develop local standards.  

6. Support a new initiative on technology related to organic farming practices.  

7. Capacity building for a low-cost certification system called a participatory insurance system. 

Capital Investment Subsidy Scheme Under Soil Health Management Scheme 

Capital investment support program is one of the government programs for organic farming in India. As 

part of this investment aid, under the soil health management program, existing units may be considered 

for technological improvement or expansion of existing capacity.  

The main objectives of this scheme are:  

1. Develop agricultural productivity while preserving soil health and environmental integrity.  
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2. Reduce total dependence on chemical fertilizers and pesticides by increasing the availability of high-

quality bio-fertilizers and organic fertilizers in the country.  

3. Prevent pollution through proper diversion and proper use of organic waste. 

National Mission on Oilseed and Oil Palm Scheme (NMOOP) for Organic Farming 

Under this NMOOP, financial assistance with a 50% subsidy at Rs. 300 / - per hectare is provided for some 

components like biofertilizers, Rhizobium crop supply, PSB (phosphate soluble bacteria), ZSB (zinc 

dissolving bacteria) and vermicompost. For good plant growth, it is necessary to use balanced fertilizers 

with compost and the use of micronutrients. Assistance was provided under the NMOOP program to 

provide gypsum / pyrite / lime / SSP etc. to farmers. 

National Horticultural Mission (NHM) 
As part of this mission, the Government of India (GOI) will provide 85% aid for development programs and 

the state government will provide the remaining 15%. In view of the growing demand for organically grown 

food around the world, awareness has been raised through training and information dissemination under 

this program. For the cultivation of vegetables, a maximum aid of Rs 5 lakhs will be granted tos a group of 

farmers on an area of 50 hectares. Under NHM, financial assistance for organic agriculture certification in 

the amount of Rs 5 lakhs is given to a group of farmers covering 50 hectares. 
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Introduction 

The conventional transplanted rice is a major source of greenhouse gas emission, particularly methane 

causing global warming and climate change. The Inter-Governmental Panel on Climate Change (2007) 

projected a temperature increase between 1.1 and 6.4°C by the end of the 21st Century. Global warming 

also leads to other regional and global changes in climate-related parameters such as rainfall, soil moisture 

and sea level. These changes may adversely affect water availability and thereby growing transplanted 

rice. Efforts, therefore, have to be made to mitigate toxic gas emission from rice and develop strategies to 

grow rice with less water. The productivity of water in rice is very low. Conventional rice cultivation needs 

3000 to 5000 litres of water to produce 1 kilogram rice. At global level 70-80 per cent of fresh water is used 

in agriculture and rice accounts for 85 per cent of this water. Rice requires about two times as much water 

as wheat or maize. In some regions, such as northwest India, water application in rice is about 5–6 times 

than that of wheat. This may lead to outstrip the available supply in the near future. The declining 

availability and quality of water and increasing costs are already affecting the sustainability of irrigated 

rice production systems in many parts of South Asia. Water table is lowering at an alarming rate in Punjab 

due to excessive drawing of groundwater through bore wells for paddy cultivation. The groundwater table 

has fallen at about 23 cm annually in the Central Punjab. After conducting a study of water table levels in 

137 blocks, the Central Ground Water Board (CGWB) has classified 103 blocks as "over exploited", five 

"critical" and four "semi-critical." Water application in rice production, therefore, needs to be decreased by 

increasing water-use efficiency through reduced losses caused by seepage, percolation and evaporation. 

Direct Seeded Rice 

Direct seeding rice, a common practice before green revolution in India, is becoming popular once again 

because of its potential to save water and labour. This is an efficient resource conserving technology holding 

good promise in coming days. Under the DSR technology sowing of rice seeds is done directly in the soil 

where they are to grow, rather than transplanting seedlings. 

Direct Seeded Rice avoids repeated puddling, preventing soil degradation and plow-pan formation, 

facilitates timely establishment of rice and succeeding crops as crop matures 10-15 days earlier, saves 

water, energy, labour, fuel, and seed, reduces production cost and increases yield. In DSR the seed is placed 

at the optimum depth of 2-3 cm. The seed should be covered by soil for proper germination and to avoid 

bird damage. Soil moisture content at seeding stage should be sufficient for proper germination. Surface 

mulch helps to retain soil moisture longer to improve plant emergence and reduce weed menace. Seed rate 

of 20 to 25 kg per hectare in general is sufficient. Further grain and basmati cultivars require much less 

seed (Singh et al. 2021).  

The direct sown rice (DSR) has got potential to improve the efficiency of water use. Faced with an imminent 

threat of plummeting water table, the government is also exhorting farmers to adopt the direct seeded rice 

(DSR) technology for sowing rice. 

Methods of DSR 

1. Dry seeding  

2. Wet seeding 

3. Water seeding 



 

 
Volume 3 - Issue 12 - December 2021       315 | P a g e  
 

Benefits of DSR Over Puddled Transplanted Rice (PTR) 

1. Save 10-40% irrigation water  

2. Increases water productivity  

3. Reduces cost of cultivation  

4. Labour requirement is less 

5. Possible to mechanization. 

Important Prerequisites for DSR 

1. Precise land leveling 

2. Good crop establishment 

3. Proper Weed management  

4. Adequate supply of P, Fe, Zn and other nutrients. 
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Introduction 

Parmelia Perlata is commonly known as Black Stone Flower. This product is widely used as condiment in 

Indian food preparation. Black stone flower is the reason behind the famed aroma of Indian steamed rice 

– biriyani.  This product also has medicinal properties. Black Stone Flower is collected from natural 

environment of temperate region and sold in the market as spice and condiment. It is found in natural 

ecosystem of temperate forests. Black stone flower is a combination of lichen and fungi. This article 

describes about the nature of Black stone flower, its importance, composition and medicinal and other 

properties. 

Composition of Black Stone Flower 

Black Stone Flower (Parmelia Perlata) is a soft, brown and black colored lichen used as spice in food and 

as medicine. Parmelia perlata belongs to the lichen family Parmeliaceae, Kingdom Fungi, Division 

Ascomycota, Class Lecanoromycetes, Order Lecanorales, Family Parmeliaceae and the genus Genus 

Parmelia.  Parmelia perlata grows on stones, tree trunks, dead wood barks and humus rich soils in 

temperate forest eco system. Parmelia perlata grows in rosettes or in irregularly spreading pattern over 

the substratum giving an appearance of flower. Parmelia Perlata is composed of fungal mycelia forming a 

network of algal cells and fungal mycelia. 

The upper surface of this lichen is in dark green color and turns black on maturity. Bottom surface is white 

in color. Stone flower has good culinary use. It has been used in traditional foods to enhance taste and 

flavor all over the world due to its distinct aroma and medicinal properties. It is helpful in relieving pain. 

It also helps in relieving itching and skin related problems. It helps in reducing any kind of inflammation 

in the body. 

Biochemical analysis of stone flower has revealed the presence of usnic acid, lecaronic acid, salazinic acid, 

atronin etc. Biochemical analysis reveals carbohydrates content around 90 per cent, protein content of 2 to 

5 per cent, fat and minerals content around 2 to 5 per cent. Scientific studies through solvent extraction, 

microbiological assay and biochemical analysis have found antioxidant activity, hypolipidemic activity, 

cytotoxic activity, antidiabetic activity, hepatoprotective activity, antibacterial activity, antifungal activity, 

antiviral activity and antiurolithiatic activity in Parmelia perlata (Goyal Parveen Kumar et al., 2016). 

Occurrence and Availability 

Stone flower is eaten as soup and in salads and as flavouring agents in foods of non-vegetarian items.  

Traditionally, stone flower is collected from natural environment and sold in the market as spice. Stone 

flower has good market value in India and overseas. Since its nutritive values (rich in carbohydrates and 

minerals), it also has the potential as human and animal nutrition source. Reindeers in artic regions graze 

on stone flower. Even though stone flower is used in food as spice, it is seldom used as sole food for human 

consumption. in history, in the past war situations, stone flower has been consumed for survival by humans 

due to scarcity of food.  

Parmelia perlata is found in temperate forests. Black Stone Flower is found in natural environments of 

Himalaya region and in Nilgiris of south India where humidity and moisture are high. It grows naturally 

on rocks and trees in humid temperate region. Parmelia perlata collected in temperate regions is dried to 

moisture level below 12 per cent and preserved. Dried Parmelia perlata can be stored for several months 

when kept under hygienic conditions. 
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Lichen and Skin Disease 

A common skin disease commonly known as lichen (Lichen Planus) causes skin inflammation, skin 

irritation and rashes on the skin or inside the mouth. This disease is often confused with lichen due to 

misnaming of disease. Parmelia perlata does not cause any disease to human beings. Parmelia perlata is 

found to have one fungal and algal partner. Ganoderma is found as fungal partner in few cases. No 

pathogenic or harmful microbes are present in Parmelia perlata. Instead, Usnic acid, the key compound 

found in lichens has antimicrobial activity against gram positive bacteria. A research study has revealed 

the presence of potential antimicrobial compound in Parmelia perlata controlling Staphylococcus aureus 

that causes skin inflammation in wounds (lwar Vidyalakshmi and Kandaswamy Kruthika, 2012). Other 

compounds found in Parmelia perlata also have medicinal values for human use. 

Potential Future Applications of Parmelia perlata 

Parmelia perlata is found to have different compounds like antimicrobials, antioxidants, therapeutic agents 

and other compounds that can be used for human welfare. Future studies are required to identify and 

isolate compound of human interest from Parmelia perlata for potential applications. 
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Farmers have struggled with the presence of weeds in their fields since the beginning of agriculture. Weeds 

can be considered a significant problem because they tend to decrease crop yields by increasing competition 

for water, sunlight and nutrients while serving as host plants for pests and diseases. Since the invention 

of herbicides, farmers have used these chemicals to eradicate weeds from their fields. Today, some farmers 

have a renewed interest in organic methods of managing weeds since the widespread use of agro-chemicals 

has resulted in purported environment and health problems. In addition, some herbicides are capable of 

destroying weeds that are harmless to crops, resulting in a potential decrease in biodiversity on farmers. 

It is important to understand that under an organic system of seed control, weeds will never be eliminated 

but only managed. 

Critical Period of Weed Control 
This period has been defined as an interval in the life cycle of the crop when a must be kept weed – free to 

prevent yield loss. If weeds have been controlled throughout the critical period, the weeds that emerge later 

will not affect yield and can be controlled prior to harvest with a harvest and to burn down the weeds and 

desiccate the crop. The crop is very sensitive to weed competition, and need to kept weed-free, from 

planting, emergence or bud break, until the end of their critical weed –free period. If the crop is kept weed-

free for the critical period, generally no yield reduction would result. Again, weeds emerging after the 

critical weed-free period will not affect yield, but control efforts after this time may make harvest more 

efficient, or reduce weed problems in subsequent years in perennial crops. 

Preventive Measures 

Once the weeds appear in the field, they cause great trouble in various ways. Different preventive measures 

for weed control are: use of seeds from the reliable sources or to use certified seeds, preventing the entry of 

livestock into the crop land, cleaning the equipment such as harvesters, cultivators, seed cleaners etc. 

before and after field operations, keeping the irrigation channels weed free, using only well rotten manures 

in which weed seeds have been decomposed by microorganisms and applying the fertilizers near the rows 

or plants and avoiding broadcasting.  

Cultural Practices 

Crop rotation: The weeds such as P. minor, A. fatua etc which are associated with the specific crops can 

be controlled by means of crop rotation. These weeds can be managed in wheat field by growing pea, gram 

or potato in rotation. 

Cover cropping: The vacant inter-row spaces in the fields provide space for weed growth and 

development. This space can be utilized for extra income by the farmers. The leguminous crops such as pea, 

urd, cow pea etc are preferred for this purpose. 

Hoeing and hand pulling: Hoeing and hand weeding are the most commonly used practices. These 

practices completely destruct the shallow rooted weeds. 

Water management Flooding: This method is very helpful in some crops such as paddy. Paddy plants 

can grow well in the submerged conditions but weeds cannot do so. Water is kept standing in the field for 

6-8 weeks. 
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Mulching: Mulching or covering the soil surface can prevent weed seed germination by blocking light 

transmission preventing seed germination. Allelopathic chemicals in the mulch also can physically 

suppress seedling emergence. There are many forms of mulches available. Listed are three common ones. 

Organic mulching:  The crop residues, pine needles, paddy straw etc. can be utilized to check the weed 

growth which acts as organic mulches. Organic mulches also prove to be an excellent mean for soil moisture 

conservation especially in winters and summers.  

Inorganic mulches: To check the weeds the mulch must block nearly all the light that reaches the soil so 

that weeds which emerge underneath the mulch do not have enough light to survive. Sometimes the black 

polythene mulch may be used for such purpose.  

Living mulches: Living mulches are usually plant species which do not attain much height such as clover 

planted before or after a crop. Living mulches should be well managed to avoid competition with main crop. 

Inter-row spaces can be utilized for living mulches. 

Use of primed seeds: Seed priming in an osmotic solution (PEG 6000, mannitol, cocopeat, vermiculite, 

KCl, KNO3 etc.) before sowing that enhances germination and increases seedling emergence uniformly 

under adverse environmental conditions.  

Soil Solarisation: Soil solarisation controls soil borne pests using radiant energy from the sun. This is 

very effective method to kill the weeds especially in summers or before onset of winters. The soil is irrigated 

first to promote weed emergence and then covered with clear plastic film after tillage. The heat trapped 

inside kills the weeds and also kills the embryos inside the dormant seeds. 

Plant geometry: Different studies have shown that the closer planting of crops gives perfect competition 

to weeds by reducing the amount of light and nutrients required for weeds.  

Mechanical control Tillage/cultivation: Tillage between the rows or the cultivation of fallow land two 

three times causes significant reduction in weed population. For this disc harrow, cultivator etc may be 

used with power tiller or tractor. 

Flame: The weeds that emerge before the main crop can be managed by a hot flame passed quickly over 

them. The weeds between the rows can be easily killed. 

Stale seedbed technique: Stale seedbeds are prepared 2-4 weeks prior to crop seeding in which weeds 

are allowed to emerge and killed while they are still small by shallow cultivation. This can be repeated 

twice or thrice depending upon the availability of time.  

Mowing: Mowing can be done in the inter row spaces. Regular mowing is needed to prevent the weed-crop 

competition and also to prevent the weeds. 

Summer ploughing: The advantage of summer ploughing may be taken by exposing the weed seeds to 

various environmental stresses 

Biological Weed Control 
Biological control would appear to be the natural solution for weed control in organic agriculture. 

Allelopathy: Allelopathy is the direct or indirect chemical effect of one plant on the germination, growth 

or development of neighboring plants. Allele-pathic crops include barley, rye, annual ryegrass, buckwheat, 

oats, sorghum, sudan sorghum hybrids, alfalfa, wheat, red clover, and sunflower, release particularly 

powerful allele-pathic chemicals from their roots. Suggestions have been made that allele-chemicals and 

other natural products or their derivatives could form the basis of bio-herbicides. This not only suppress 

and physically destroys, weeds; it also releases phosphorus and conditions the soil. 

Beneficial organisms: Little research has been conducted on using predatory r parasitic micro-organisms 

or insects to manage weed populations. 

Use of Bio-Control Agents for Weed Control 
Name of the weed Bio-agent 

Cyperus rotundus Bactra verutana 

Ludwigia parviflora Haltica cynea (Steel blue beetle) 
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Parthenism hysterophorus Zygrogramma bicolarata 

Lantana camara Crocidosema lantana, Teleonnemia scrupulosa 

Opuntia dilleni Dactylopius tomentosus, D. Indicus (cochineal scale insect) 

Eichhornea crassipes Neochetina eichhornea, N. Bruchi (Hyachinth weevil) Sameodes 

alliguttalis (hyancinth moth) 

Salvinia molesta Crytobagus singularis (weevil) Paulinia acuminate (grass hopper), Samea 

mutiplicalis 

Alternanthera 

philoxaroides 

Agasides hygrophilla (flea beetle) Amynothrips andersoni 

Tribulus terrestris Microlarinus lypriformis, M. lareynii 

Solanum elaegnifolium Frumenta nephalomicta 

Commercial Mycoherbicides 

Trade name Pathogen Target weed 

Devine Phyophthora palmivora Morreria odorata (Strangler vine) in 

citrus 

Collego Colletotrichum gleosporoides f.sp. 

aeschynomene 

Aeschynomene virginica (northen joint 

vetch) in rice and soyabean 

Biopolaris Biopolaris sorghicola Sorghum halepense (Johnson grass) 

Biolophos Streptomyces hygroscopius General vegetation (non-specific) 

LUBAO 11 Colletotrichum 

gleosporoides f.sp. Cuscuttae 

Cuscutta sp. (Dodder) 

01 Alternaria cassia Cassia abtusifolia 

ABG 5003 Cercospora rodmanii Eichhornea crassipes (water 

hyancinth) 
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Conclusion 

Weeds cause significant loss in agriculture by competing with main crop for nutrients and other resources 

and also act as alternate hosts for diseases or pests. The use of chemical herbicides has many ill effects on 

environment and ecology. Therefore, various organic and eco-friendly practices which are equally effective 

may be used for the weed management. 
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Abstract 

The demand for nutritious food has been increased by the consumers for some additional health benefits 

for the development of functional and nutraceutical food products. Horticultural crops are major branch of 

agriculture which have potential to increase the farmer income, earn foreign exchange and provide 

livelihood security and also fulfils the requirements of GDP. Value addition in the horticultural crops 

including fruits, vegetables, herbs and spices which enhance the nutritive value of the food and complete 

the nutritional requirements for human. Value addition reduces the post-harvest losses and preserves the 

nutrients in fruit crops through the making of sauces, pickles, jams, jellies etc. and it is also very important 

in reduce the problems like malnutrition, health and age-related problems. 

Keywords: Horticultural crops, malnutrition, nutrition, post-harvest. 

Introduction 

Fruits are consumed in human diet that exhibits physiological properties, and possessing 

phytoconstituents which decreases the risk of non-communicable diseases like cancer, cardiovascular 

diseases and age-related functional deformities. Under the fruit crop production, value addition is major 

practices which is using for the preserve nutritional value, meet consumer requirements, optimize the 

utilization of by-products and create employment opportunities. Dehydration and drying recues the 

moisture from the food and inhibits the growth of the microorganisms, low temperature like refrigeration 

and freezing reduces the biochemical reaction responsible for the spoilage, canning, sterilization and 

pasteurization kills the pathogenic.  

Underutilized Fruits in India 

Amla / Aonla: Amla is found in many regions of India and is a very rich source of vitamin C (500-600 

mg/100 g of fruit pulp). When amla is consumed in the form of whole fruit rather than consumes isolated 

vitamin c from it, the vitamin c gets easily assimilated in the body and have vital antioxidant properties. 

It is also a source of proteins and vital minerals such as calcium, iron and phosphorus. Being rich in vitamin 

C content, it has been the ingredient of many foods and medicines. The nutritional values of amla are 

uncountable and therefore recommended to be incorporated as a part of the everyday diet. The fruit acts 

as an aperients, diuretic and laxative agent. It also helps in curing constipation, insomnia, scurvy and is 

utilized as a cooling agent to lessen the effects of sun strokes. It is also beneficial for leucorrhoea and 

haemorrhage (Hasan, 2010). Being a rich source of antioxidant, it also helps in preventing premature 

ageing. Amla reduces the blood sugar level in diabetic patients by stimulating the cells responsible for the 

secretion of insulin (Iyer et al., 2009). Amla, when consumed fresh in the form of whole fruit or applying its 

paste on hair reduces graying and falling of hair and also treats the scalp. 

Indian Jujube/Ber: Ber is a part of the family Rhamnaceae. It is generally grown in semi-arid and arid 

regions in subtropical and tropical climate, where generally other fruit crops are unable to grow because of 

adverse climatic and soil conditions and lack of irrigation. It is a good source of vitamin A, C and B – 

complex. The root and bark decoction are used to treat dysentery, whereas leaf decoction is beneficial for 

gargles in sore throat and bleeding gums. The kernels of seed are an aphrodisiac. The ber powder is utilized 

for treating fever, ulcer and wounds. Several value-added products such as chutney, dried ber, jelly, 

murabba and even wine is prepared from the fruit of the ber. 

Fig: Fig is highly nutritious, containing 84% pulp and 16 % skin. It is a good source of calcium, iron, protein, 

thiamine and vitamin A. it has very good laxative properties. It is utilized to cure boils and various other 

skin infections (Polunin, 1994). The latex is consumed for milk coagulation (Morsli, 1985), whereas leaves 
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are utilized as anthelminitic, diuretic, demulcent and emollient. The figs can be consumed fresh, dried, 

candied, canned or preserved. Fresh figs are highly nutritious and are used for the preparation of desserts, 

cakes, jams, jellies and pudding. 

Karonda: Karonda is a spiny, evergreen, hardy and indigenous shrub, which grows very well as a rainfed 

crop. It is a part of the family Apocynaceae. The fruits are astringent and sour, and contain plenty of 

vitamin C and iron. They are also a good source of carbohydrates, proteins, fat, calcium and fibre. It is 

utilized to cure anaemia, anthelmintic and stomach ache and also acts as antiscorbutic. Root extracts are 

utilized to treat lumbago, venereal disease and chest complaints. The fruits are also utilized in dyeing and 

tannery industries. The ripened fruits are consumed as either dessert or are used in preparation of sauce, 

Carissa cream, jelly or jellied salad. Unripe fruit is utilized for the preparation of chutney, pickles, and 

sauces. The dried fruits are also sometimes acts as a replacer for raisins. The wine prepared from karonda 

contains a quite good amount of alcohol (14.5 – 15.0 %). 

Passion fruit: The fruits of passion fruit have unique aroma and flavour. It is a good source of ascorbic 

acid, provitamin A, niacin, riboflavin and minerals. The pulp is utilized in the preparation of salads, fruit 

juices and ice – cream. Other processed products made from passion fruit are jams, jellies, juices, and 

squash (Kour et al., 2018). 

Value Addition of Underutilized Fruit Crops 

The exact number of underutilized crops with respect to quantity produced and processed is not available 

as the considerable amount is consumed and sold locally. Moreover, the majority of these crops are not 

grown commercially, rather grown in kitchen gardens, wild or field boundaries. The fruits are sold fresh, 

seasonal and very limited processing is done, but they have high potential for processing, especially primary 

processing such as drying, removal of pulp, cutting, chopping, etc. (Chandra et al., 2017). The secondary 

processed products such as pickles, bar, wines, squash etc. will fetch even a better number of returns. 

Various primary and secondary processed products from underutilized fruits have been shown in Figure 1. 

As these underutilized fruits is mainly found in rural and tribal areas, value addition will help in uplifting 

of the socioeconomic status of rural families. Keeping in mind the today’s scenario of continuously growing 

population with the limited land, establishment of agro-processing industries in the tribal and rural areas 

is the need of the hour. It will not only meet the continuously increasing demand of processed products, but 

will also help to increase the real farm income in the future (Nandal and Bhardwaj, 2014). Value addition 

will also open the new opportunities of employment for the rural people. 

Various Value-Added Products from Underutilized Fruits in India 

1. Ber pulp was used in drinks (Kiradoo and Goyal, 2005), Fresh ker fruits were utilized for pickles, whereas 

immature fruits were dried and were used in the off season (Sen, 2003). Ber fruits were also utilized for 

the preparation of candy, dehydrated ber, murabba, jam, ready to serve beverage and pulp (Pareek, 2001). 

2. Jack fruit has been utilized for the preparation of several processed products such as candied jackfruit, 

canned jackfruit bulbs in syrup, jack seed flour, raw jack pickle, roasted jack seeds and squash (Madhu and 

Sharma, 2009; Monika, 2014; Das and Prakash, 2011). 

3. Bael pulp was utilized for the preparation of squash, slab, toffee powder, nectar, etc. (Khurdiya, 1980). 

4. Jamun fruits have been utilized for the preparation of various fermented and non-fermented beverages. 

It can also be used for the preparation of jams, jellies and leather. The seeds, processed into powder have 

proven to be very helpful in curing diabetes (Khurdiya, 2001). 

5. Karonda is mainly processed into pickles. 

6. Banana hearts are consumed as vegetable either steamed or raw, with dips or cooked in curries, soups 

and fried foods. 

Future Perspectives of Value Addition Underutilized Fruit Crops 

The change in the consumer behavior and the transformation in the food consumption demands for the 

value addition in horticultural crops for the development of functional, nutraceutical and convenient foods. 

The present scenario of value addition shows that it has undergone for the updation in terms of quality of 

food products for receiving the higher return and excellent market response. The consideration for the value 

addition following imperatives related to good agricultural practices (GAP), sustainable livelihood 
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generation (SLG), management for soil, water and biodiversity conservation, climate resilient production 

system and ensuring food security needs to be added (Acharya et al., 2015). 

Conclusion 

The present status of India, it is facing the problems of malnutrition, unemployment and hidden hunger. 

So, need to the exploitation of underutilized fruit crops commercially for value addition can be the 

promising solution to curb these problems. The underutilized are rich and easily accessible sources of macro 

and micro nutrients and can even be grown in harsh conditions. The value addition of underutilized crops 

will generate the employment for the poor people and also important ingredient of many Ayurvedic 

medicines being their therapeutic properties. Therefore, it can be concluded that exploring more and more 

underutilized fruits can provide a way for the economic and nutrient security of people. 
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Introduction 

Insect parasitoids are quantitatively and qualitatively important components of terrestrial ecosystems in 

terms of biodiversity and ecological impact. They are exposed to their host’s physiology and immune system. 

Just like any other animal, insect parasitoids host a community of symbiotic microbes, including viruses, 

bacteria and fungi. Parasitoid-associated symbionts are well known to suppress host immunity, thus 

promoting successful development of the parasitoid in its host (Roossinck, 2011). This influence results in 

far-reaching ecological effects that extend well beyond interactions between the parasitoid and its host 

(Dheilly et al., 2015). 

Diversity 

Symbionts reported in insect parasitoids include viruses, bacteria and a few fungi. In particular, a wide 

variety of viruses have been reported as symbionts of parasitoid wasps, representing: Double-stranded 

DNA viruses (Ascoviridae, Polydnaviridae and Entomopoxviridae), single-stranded RNA viruses 

(Coronaviridae, Iflaviridae and Rhabdoviridae) and segmented double-stranded RNA viruses (Reoviridae) 

(Beckage and Drezen, 2012). 

 
Figure-1: Diversity of parasitoid-associated symbionts localized in the reproductive tract of 

adult females 

[Comperia merceti (Yeast); Trichogramma kaykai (Wolbachia); Hyposoter didymator (Ichnovirus); 

Cotesia glomerata (Bracovirus) and Venturia canescens (virus like particles)] 

The vast majority of viral symbionts are PDV (Polydnavirus), which are associated with approximately 

40,000 species of the hymenopteran superfamily Ichneumonoidea. They form specific obligate mutualistic 

associations with parasitoids and are divided into two genera: bracoviruses (BVs), associated with six 

subfamilies of braconid wasps and ichnoviruses (IVs), associated with two subfamilies of ichneumonid 

wasp.  

The life cycle of PDVs is divided into a part in the primary host (the wasp), in which the virus replicates, 

and a part in the secondary host (usually a caterpillar), in which the virus expresses its virulence genes, 

suppressing the host’s immune response to the benefit of the wasp’s offspring. 

a. Yeast b.  c.PDVs 
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Figure-2: Life cycle of parasitoid wasps and PDVs (Strand and Burke, 2013) 

Bacterial symbionts include reproductive manipulators such as Wolbachia, Cardinium, Rickettsiaand 

Arsenophonus.Next-generation sequencing and diagnostic PCR have been used to characterize the 

bacterial community present in parasitoids are listed below: 

S.No. Parasitoid Bacterial symbionts Reference 

1 Nasonia sp. Providencia and Acinetobacter  Brucker and Bordenstein, 

2012 

3 Megaphragma 

amalphitanum 

Rickettsia and Wolbachia  Nedoluzhko et al., 2017 

4 Eretmocerus mundus 

Eretmocerus eremicus 

Staphylococcus, Streptococcus, 

Rothia and Arthrobacter 

Fernandez et al., 2019 

5 Encarsia formosa Staphylococcus, Streptococcus, 

Rothia and Arthrobacter 

Fernandez et al., 2019 

Only a few fungi associated with parasitoids have been described. The most detailed study involved a 

yeast-like organism related to Candida species (Saccharomycotina) found in Comperia merceti (Gibson and 

Hunter, 2009). Additional cases of symbiotic associations between parasitoids and unicellular fungi have 

been reported in: Braconid wasp, Dapsilarthra (Alysia) apii (Keilin and Tate, 1943), ichneumonid wasp, 

Pimpla. But the precise nature of these relationships has never been unveiled. 

Parasitoid symbionts have been reported mainly for their presence in ovaries and the venom gland. The 

ovary of insect parasitoids hosts endosymbiotic bacteria, several viruses, virus-like particles (VLPs) and a 

few unicellular fungi, which are non-specific, as they have been described occurring in different tissues. 

PDVs are produced in specific cells localized in the calyx region of the ovary (Strand and Burke, 2013). The 

venom gland of hymenopteran parasitoids is involved in regulation of host immune response, host 

paralysis, host castration, developmental alteration and antimicrobial activity. Most of the bacteria in 

Nasonia sp. are located in the hindgut. 

PDV persists in wasp 

Wasp ovaries 

PDV replication in calyx cells Female wasp 
Provirus in wasp 

Adult PDV virions 

Pupa 
PDV replication begins in Wasp larva develops and 

then emerges from host 
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Transmission 

Parasitoid-associated symbionts can be transmitted:  

1. Vertically (Inheritance of the symbiont from female germ line),  

2. Horizontally (From an environmental, free-living symbiont source) and combination of both strategies 

(from the environment and intraspecific or interspecific host switching).  

Vertical transmission: It is the most frequent transmission mode for facultative intracellular symbionts 

as they form stable associations with their hosts; yet they can be replaced, indicating that the symbiosis is 

dynamic over evolutionary time. Transmission of endosymbiotic bacteria (Wolbachia) and PDVs represents 

the best-documented case of vertical transmission in insect parasitoids (Strand and Burke, 2014).  

Horizontal transmission: It start from infected larvae to uninfected larvae via the shared host appears 

quite common and noticed in Wolbachia (Huigens et al., 2004), fungi (Gibson and Hunter, 2009) and viruses 

(Varaldi et al., 2003). Acquisition of viruses from insect hosts followed by endogenization (i.e., integration 

into the genome of the wasp species) may be important for evolution of viral symbiotic associations in insect 

parasitoids (Whitfield and Asgari, 2003). 

Figure-4: Transmission of parasitoid associated symbionts (Monika and silvia, 2010): 

 

 

Conclusion 

Parasitoids harbor a diversity of microbial symbionts including viruses, bacteria, and fungi. The diversity 

and transmission of symbiont which helpful for the parasitoid reproduction, suppression of host immune 

responses and manipulation of the behavior of herbivorous hosts. Mostly polydna viruses may also 

influence plant-mediated interactions among members of plant-associated communities at different 

trophic. The full range of ecological consequences needs to be investigated in order to assess the overall 

effect of a PDV on the fitness of the parasitoid with which it is associated. 
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Agriculture is considered to be the back bone of Indian economy. More than sixty percent of people directly 

or indirectly depend on agricultural and allied sectors for their livelihood. Farmers are toiling hard at their 

fields to produce different types of crops in order to feed the growing population. Currently India is the 

second largest populous country in the world after China with population of 1.39 billion.  

However, it has been reported that India is expected to add nearly 273 million people between 2019 and 

2050 and will surpass China as the world's most populous country around 2027 (Economic Times, 2019). 

To feed such an enormous population, the food production has to be increased many folds. 

The areas under agricultural crops are increasing and it was reported that the area under cultivation of 

summer crops alone has gone up by 21.58% against the previous year (Tiwari, 2021). However, the 

production and productivity of major crops grown in India are not upto mark and it is believed that there 

is huge potential of increasing both production as well as productivity. 

In India different types of innovative techniques and technologies are being developed at different 

experimental stations, research institutions and farm science centers, but the same technology has either 

not been fully disseminated to the farming community or the farmers are reluctant to adopt such 

technologies at their fields, resulting in production and productivity gaps and thereby act as a major 

hindrance to achieve potential yields. 

The low dissemination besides adoption of innovative technologies by the farmers at their fields is due to 

low extension agent to farmer ratio in India as against the recommended ratio, besides lack of timely 

reliable and credible information and the ways to make best use of such innovative technologies. 

As per the study conducted by National Sample Survey, 2005, it was reported that 60% of Indian farmers 

do not have access to any source of information on modern technologies related to farming practices (Gupta, 

et. al. 2020). So, to remove such bottle necks in the dissemination of latest technologies, smart phones have 

the potential to disseminate and promote timely information to the farming community and ensure 

technological adoption and minimise yield gaps. 

India's smart phone market is the second biggest market in the world after China and the number of smart 

phone users are increasing day by day. It was reported that in 2021 alone the smart phone market is set to 

hit a record high of 173 million units, growing at 14 percent year-on-year (Livemint, 2021). 

It was reported that India having the world’s second largest internet population at over 749 million users 

in 2020 and of these 744 million users accessed the internet via their mobile phones. It was also estimates 

that this figure would reach over 1.5 billion by 2040 as shown in Fig 1 and 2 (Statista, 2021). So, when the 

number of smart phone users in India is increasing without many efforts, this needs to be utilized for 

dissemination of agricultural information to the farmers. 

By making use of smart phones, innovative technologies can reach to large number of farmers in a short 

span of time and is much easier to transfer such technologies to the farmers without involving any 

monetary burden (cost effective). 

Besides the extension service providers can receive feedback from the farmers as well. There are different 

mobile based applications available for the farming community which provides different types of 

information right from preparation of land to harvesting of yield, including weather related information 

and post-harvest management of different crops. 
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Through these applications farmers can avail suggestions from different experts through short messages, 

besides audio and video clips. Now the agricultural and allied sectors are developing at a faster pace and 

involving sensor based latest technologies to enhance crop production and productivity besides preventing 

different losses during cultivation. 

These sensors are equipped with smart phones and help to perform different tasks in cultivation of different 

crops. So, the need is to utilise this technology in enhancing production as well as productivity of major 

crops and hence ensuring food security. 

 
Fig. 1 Showing the increase of smart phone users from 2010 to 2021 in India (Millions). 

 
Fig. 2 shows the future estimates of smart phone users in India (Millions) 

(Note: Data used for graphs were retrieved from Statista, 2021) 

Conclusion 

As agriculture is the main occupation of majority of the people in rural areas in India, special attention 

needs to be paid to this sector in order to enhance production as well as productivity of crops. As the 

population is increasing and it becomes difficult to provide food, fibre and fuel to the growing population. 

Different techniques and technologies need to be utilized in order to ensure food security to the growing 

population. Scientific Agricultural Technology can be easily disseminated to the farmer’s field by using 

smart phones. 
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Introduction 

Drought is the period of water shortage due to extended unusual dry weather in certain regions resulted 

in crop damage and other losses. Drought can be classified into three categories i.e., meteorological drought, 

hydrological drought and agricultural drought. Agricultural drought is deficit in soil moisture requirement 

to grow the plant leading to low crop production. Because of slow transition, it is difficult to determine the 

beginning of the drought event and sometimes the duration may vary from months to years and the core 

area or epicentre get changed over time. The Irrigation Commission of India defines that where rainfall is 

less than 75 per cent of normal rainfall as drought area. Therefore, in order to acquire the information 

about drought occurrence and get better understanding and knowledge about the fluctuations in recent 

climate, it is worthwhile to study long-term series of precipitation in the region. 

Some of the indices used to assess the severity of the drought are (Vijay et al., 2019): 

1. Moisture adequacy index (MAI), 

2. CRIDA drought severity index (CDSI), 

3. Standardized precipitation index (SPI), etc. 

Moisture Adequacy Index (MAI) 

To assess agricultural droughts, indicators based on water balance were preferred. The inputs required for 

the water balance model are rainfall, potential evapotranspiration, and available water-holding capacity 

of the major soil type of that region. The weekly AET required for calculating MAI was obtained from water 

balance calculations using Thornthwaite and Mather (1955) weekly water balance model. The weekly AET 

for weeks 1 to 52 of a year were obtained as output from this model. Weekly MAI for weeks were worked 

out as ratio of weekly AET and PET values. As agricultural drought occurs during the crop season only, 

average MAI during the crop season was taken as the measure for assessing the intensity of agricultural 

droughts. Weekly MAI values for all weeks during the crop season were averaged to work out the average 

MAI. 

Category                                                 MAI threshold 

No drought  MAI > 0.75 

Mild drought MAI < 0.75 and > 0.50 

Moderate drought MAI < 0.50 and > 0.25 

Severe drought                                         MAI < 0.25 

CRIDA Drought Severity Index (CDSI) 

This method of classification based on frequency of droughts seems to be inappropriate, since it fails to 

differentiate a region with certain frequency of mild droughts with that having equal frequency of severe 

droughts because of the difference in severity of droughts. The CDSI was developed to address this anomaly 

by taking into account both the frequency and intensity of agricultural droughts. The formula devised for 

working out the CDSI using frequencies (number of years of occurrence) of different types (intensities) of 

drought like mild, moderate, and severe is:  

CDSI = ((0.25 ∗ MIDF + 0.50 ∗ MODF + 0.75 ∗ SDF) ∗ 100) ∕NY 

where MIDF, MODF, and SDF are frequencies of mild, moderate, and severe drought, respectively and NY 

stands for total number of years including no drought years. 

Category CDSI 

Safe (SF) ≤ (M − σ) 

Less vulnerable (LV) > (M − σ) and ≤ M 

Moderately vulnerable (MV) > M and < (M + σ) 
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Highly vulnerable (HV) > (M + σ) 

M and σ are mean and standard deviation, respectively. 

Standardized Precipitation Index (SPI) 

The Standardized Precipitation Index (SPI) is a widely used index to characterize meteorological drought 

on a range of timescales. On short timescales, the SPI is closely related to soil moisture, while at longer 

timescales, the SPI can be related to groundwater and reservoir storage. Standardized Precipitation Index 

(SPI) was followed which is based on drought index proposed by McKee et al. (1993) and adopted widely 

because of its applicability in different regions of climatology. It is calculated by using the formula, 

𝑆𝑃𝐼 =  
(𝑋𝑖 − 𝑋𝑚)

𝜎 
 

Where, Xi= Monthly/seasonally/annually rainfall record of the station,   

Xm = Average rainfall and σ =Standard deviation. 

Criteria for Declaration of Drought 

The Manual for Drought Management, released in December 2016 by the Union Ministry of Agriculture 

and Farmers Welfare, prescribes “new scientific indices and parameters” for a “more accurate assessment 

of drought” in the country. The five categories of indices listed in the new manual, which include rainfall, 

agriculture, soil moisture, hydrology, and remote sensing (health of crops), are expected to help the state 

governments make scientific assessment of drought rather than “rely on the traditional practice such as 

annewari/paisewari /girdawari system of eye estimation and crop cutting experiments”. 

Different Categories of Indices Used for Declaration of Drought 

Rainfall Indices: 

Rainfall Deviation from Normal Rainfall (%) Category 

+19 to – 19 Normal 

-20 to -59 Deficient 

-60 to -99 Large Deficient, 

-100 No rain 

Standardised Precipitation Index (SPI)  

SPI Value Category 

Less than -2 Extremely Dry 

-1.99 to -1.5 Severely Dry 

-1.40 to -1 Moderately Dry 

-0.99 to 0 Mildly Dry 

Dry Spell 
Defined as low rainfall (less than 50%) or no rainfall for a short period usually of 4 Weeks (up to 3 Weeks 

in case of light soils). In Sandy soil of arid areas (less than 500 mm rainfall) like Rajasthan, two consecutive 

weeks of dry spell may be considered along with rainfall deviation. 

Remote Sensing Based Indices 

Normalized Difference Vegetation Index (NDVI): 

a. NDVI quantifies vegetation by measuring the difference between near-infrared (which vegetation 

strongly reflects) and red light (which vegetation absorbs. 

b. NDVI is a standardized way to measure healthy vegetation. 

c. High NDVI values, represent healthier vegetation. 

d. Low NDVI, represent less or no vegetation. 

e. NDVI values for vegetation generally range from 0.2 to 0.6 the higher values being associated 

with greater green leaf and Biomass. 

Normalized Difference Wetness Index (NDWI): 

a. NDWI is a remote sensing derived index estimating the leaf water content at canopy level. 

http://drought.unl.edu/Portals/0/docs/international/India%20Drought%20Manual%202016.pdf
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b. Normalized Difference Wetness Index (NDWI), computed using SWIR data, can complement 

NDVI for drought assessment particularly in the beginning of the cropping season. 

c. Higher Values of NDWI signify more surface wetness. 

Vegetation Condition Index (VCI): 

a. VCI compares the observed NDVI and NDWI to the range of values observed for the same period 

in previous years. 

b. VCI is expressed in % and gives an idea where the current value is placed within the extreme 

values (minimum and maximum) in the historical datasets normalized to a scale of 0 – 100%. 

c. Lower and higher values indicate bad and good vegetation state conditions, respectively. 

Soil Moisture Based Indices 

Available Soil Moisture is a very relevant indicator of drought, especially in rainfed regions. Soil moisture 

balance provides the amount of moisture available to crops depending upon the “crop water requirement” 

“climate evaporative demand” and “Soil Water holding Capacity”. 

Percentage of available Soil Moisture (PASM) 

PASM (%) Agriculture Drought Class 

76-100 No Drought 

51-75 Mild Drought 

26-50 Moderate Drought 

0-25 Severe Drought 

Hydrological Indices 

Reservoir Storage Index (RSI): 

% of deficit in live storage volume of reservoir 

w.r.t average storage of last 10 Years 

Category of Deficit 

Less than 20% Normal Deficit 

20-30% Mild Deficit 

30-40% Moderate Deficit 

40 to 60% Severe Deficit 

More than 60% Extreme Deficit 

Groundwater Drought Index (GWDI): 

Groundwater Drought Index (GWDI) Groundwater Drought Class 

More than –0.15 Normal 

-0.16 to -0.30 Mild 

-0.31 to -0.45 Moderate 

-0.46 to -0.60 Severe 

Less than -0.60 Extreme 

Socio Economic Indicators 

1. Extent of fodder availability and its prevailing prices compared to normal prices and information on 

cattle camps; 

2. Scarcity of drinking water supply (human and livestock) 

3. Demand for employment on public works, and unusual outmigration of labour in search of employment 

4. Current agricultural and non-agricultural wages compared with normal times; 

5. Supply of food grains, and price situation of essential commodities. 
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Factors Affecting of C Assimilation 

Light: If a leaf absorbs insufficient light, there will not be enough ATP and NADPH to fuel the dark 

reactions. When the irradiance is below a certain level, typically about 10-40 μmol photons m-2 s-1, CO2 

uptake during photosynthesis is balanced by CO2 loss during respiration; net assimilation is zero. 

Photosynthetic rates increase with greater irradiance until light saturation, when increased light no longer 

increases photosynthesis. At these high light levels, the rate of photosynthesis is not limited by light but 

rather by the amount of CO2 and rubisco available for the dark reactions.  

Temperature: Temperature affects photosynthesis as it is a prerequisite for biochemical reactions. 

Photosynthesis is restricted to a certain temperature range beyond which biological activity is inhibited. 

Within this range, photosynthesis increases up to an optimal temperature, beyond which it begins to 

decrease. The optimum temperature range for most C3
 plants is 15 °C to 30 °C, but the temperature range 

over which plants can photosynthesize is quite large. Desert plants have higher temperature optima than 

arctic or alpine plants. 

Concentration of CO2 in Atmosphere 

Photosynthetic rates are enhanced by higher concentration of CO2 in the air. In C3 plants, the additional 

CO2 reduces photorespiration by increasing the ratio of CO2 to O2
 reacting with rubisco. The rate of 

photosynthesis increases with higher CO2 concentrations up to a saturation point, beyond which 

photosynthesis remains constant. At this point, photosynthesis is not limited by the amount of CO2 

available for fixation but rather by the supply of NADPH and ATP from the light reactions. The rate of 

photosynthesis decreases markedly with low CO2 concentrations, when the supply of CO2 limits 

photosynthesis. At the CO2 compensation point, which typically ranges from 30 to 50 ppm, the rate of CO2 

uptake during photosynthesis is balanced by CO2 loss during respiration so that there is no net gain of CO2 

by the leaf. In C3
 plants, there is a strong photosynthetic interaction between light and CO2. High irradiance 

increases net photosynthesis more at high CO2
 concentrations than at low concentrations, and CO2

 

saturation requires higher CO2
 concentrations at high irradiance than at low light. Conversely, C4

 plants 

saturate with CO2
 concentrations of about 400 ppm regardless of light. They also have a lower compensation 

point (about 10 ppm) than C3
 plants. 

Mineral Nutrient Elements 

Elements such as Cu which are the components of photosynthetic enzymes or Mg as a component of 

chlorophyll also affect the rate of photosynthesis indirectly affecting the synthesis of photosynthetic 

enzymes and chlorophyll, respectively. 

Atmospheric Humidity 

When transpiration exceeds root uptake, plants can become desiccated. Cells lose turgor. Absorption of soil 

nutrients and translocation of photosynthetic products within the plant are inhibited. Because water is so 

essential, photosynthesis decreases sharply when the leaf water content falls below some minimal value 

and stomata close. Stomata also close with high vapour pressure deficits to reduce water loss during 

transpiration. 

Oxygen 

Both oxygen evolution and CO2 assimilation were reduced in presence of atmospheric oxygen and the 

phenomenon is known as Warburg effect. Gibbs concluded that oxygen causes a direct and indeed 
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competitive inhibition of Ribulose diphosphate carboxylase. As a result, glycolate synthesis is enhanced 

which leads to photorespiration. 

Factors Affecting N Assimilation 

Nitrogen levels: Glutamine synthetase activity decreased when ammonium appeared in the medium 

replacing nitrate as the N source and glutamate dehydrogenase was stimulated in pea plants at low 

ammonium concentrations (1mmol/L). 

Ultra-violet B Radiation: Under low levels of UV-B radiation, GDH activity was enhanced to prevent 

ammonia toxicity, when the activity of GS and GOGAT decreased sharply, leading to the accumulation of 

ammonia in plants, the high accumulation of which is toxic. Conversely, under high levels of UV-B 

radiation, the structure of GDH or some related genes might be damaged, decreasing GDH activity. Both 

the leaves and roots showed decreased values of NRA after exposure to UV-B radiation in comparison with 

control seedlings in Vigna unguiculata and barley.  

Gaseous factors: Elevated CO2 (or low oxygen) concentrations, which decrease photorespiration, inhibit 

nitrate assimilation in the shoots of C3 plants.  

Metals: La could promote the uptake and transport of nitrate in plants, which might be related to the fact 

that La has a positive effect on the transpiration of seedlings, promoting the uptake and movement of water 

and mineral nutrients. Low levels of La promoted GDH activity, but the amount of nitrate taken up from 

the nutrient solution was dramatically reduced by Cd. High Al concentrations directly restrict nitrate 

uptake in most plant species studied to date and therefore cause a deficit in N metabolism. At the same 

time, it has been observed that Al can act directly on nitrate assimilation inside the plant, inhibiting NR 

activity. 

Soil Salinity: N fixing plants were more sensitive to salinity than were N-fertilized plants. Salt dissolved 

in irrigation water could interfere with N use by plants, because nitrate reductase activity in leaves is 

largely dependent on nitrate flux from roots, and is severely affected by osmotic shock induced by NaCl. 

Nitrate levels were highly decreased in both the leaves and roots in tomato seedlings under increasing 

salinity. In legumes, salt stress from 50 to 200 mM NaCl significantly limits productivity by interfering 

with plant growth. It is generally observed that salt stress promotes the accumulation of ammonium, 

nitrate, and free amino acids in plants, and decreases the incorporation of ammonium into amino acid 

compounds. 
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Introduction 

Although as ancient as history of humankind, agriculture is a sector that has recorded unhurried 

transformation through the centuries. Till date, practices on and off the field continue to be highly 

conventional and involve much human labour, especially in developing countries. In the wake of technology 

disruption, many farms and agribusinesses are slowly adopting technology into farm operations as it has 

a considerable impact on productivity and efficiency to say the least. Agriculture technology, or 

AgriTech/AgTech as it is more popularly referred to, has proven to ease the effort involved in farming and 

related operations, all the way from farm to fork. 

As one of technology’s most prominent off springs, the smartphone has established its practicality and 

versatility in a myriad of sectors, including off beat and conventional ones such as agriculture. By placing 

vast expanses of farmlands right on the palm, agricultural apps are revolutionizing the way fields have 

been tilled and harvested. Furthermore, digitalization of agriculture has enabled not just the farmer, but 

also stakeholders in various levels of the agri-ecosystem to get the upper hand on the process involved in 

the food production and supply chain. Agribusinesses and other agricultural entities, both governmental 

and non-governmental, are turning to various software and hardware digital farming tools such as farm 

management solutions, Internet of things (IoT), and other forms of precision agriculture. 

Modern technology in agriculture is more than just the usage of mobile applications or a hardware system 

to automate redundant processes and reduce dependency on human labour. There is an increasing number 

of mobile apps providing access to agriculture and allied sector information. A mobile application is a 

software on a mobile phone handset or tablet computer that enables a user to access specific information; 

make payments and other transactions; send messages; etc. The application (app) is downloaded (for free 

or for payment) from a wireless network from an online store and may require a live connection to function 

effectively. Farmers need timely information in response to their specific needs. There are mobile 

applications that provide latest agricultural information about trends, equipment, technologies and 

methods being used, help identify pests and diseases, provide real-time data about weather, early warnings 

about storms, local markets offering best prices, seeds, fertilizers etc. In addition, farmers can also interact 

and get guidance from agriculture experts across the country via the apps. These apps help in providing 

market information, facilitating market links, providing access to extension services, farm related 

information etc. 

Today as we stand in the 21st century facing the challenges ranging from climate change to the changing 

world scenario we need a clear vision and very concrete approach towards future prospects in agriculture, 

what has revolutionized every aspect of today’s world are mobile applications and they are contributing in 

agriculture too. 

Agri-crop Mobile Applications Common in India 

M-kisan portal: It is a government initiative which started in India on July 16, 2013 for aiming to connect 

38 crore mobile phones of farmers in rural areas with subject specialists (mKisan, 2016). This service 

mainly aimed for the message-based information broadcast using internet. SMSs have been sent to farmers 

in agriculture, horticulture and animal husbandry which is around 146 million approx. each and followed 

by fisheries (6.4 million) and sericulture (495,146) throughout the country (GOI, 2016). The Indian 

government has also developed the application for agriculture, horticulture, animal husbandry and other 

useful services applications. In agriculture so for six applications were developed which are m kisan app, 
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Shetkari Masik android app, Farm-o-pedia, Bhuvan Hailstorm app, Crop Insurance mobile app and Agri 

Market. 

Agri-app: This app was developed by Criyagen and require registration. It provides the package of 

practices for various field crops like sugarcane, paddy, maize, watermelon, bottle guard, cotton etc. The 

package of practices involves varieties used with well referenced information. This app provided users to 

get information in three languages along with important agricultural news for the farming communities 

and also providing the assistance by the experts through chat and call. Further the app consists of various 

useful video like pomegranate cultivation, mushroom cultivation, goat farming and dryland farming, etc.  

Kisan Yojana: Kisan Yojana app was developed by Agriculture News Network (ANN) and till date, there 

are eight states of India namely Maharashtra, Gujarat, Karnataka, Andhra Pradesh, Uttar Pradesh, Bihar 

and Jharkhand are included (accessed on 2nd Feb 2016). This app provides information about the schemes 

and benefits provided by government to the farmers and rural people (ANN, 2016). 

Weather app: These applications are useful for the farmers for obtaining forecasts of the weather. Weather 

related apps are the most used applications in agriculture (Karetsos, Costopoulou, & Sideridis, 2014) e.g., 

sky met weather app. This app collects the data from meteorological stations and process into easily 

readable formats to the user. The information come with various languages like Hindi, Marathi and five 

others (accessed on 2nd Feb 2016). This app also provides the variation in temperatures, news about climate 

change in agriculture and weather parameter for next seven days. This app also helps farmer for planning 

of farm operations like harvesting, sowing etc. e.g., India satellite weather, weather pro, weather timeline 

etc  

IFFCO App: This app is very relevant to farmers, as it provides weather related information with the help 

of India Meteorological Department (IMD). This app also provides information about prices of crop from 

sources like Agmarket or National Commodity and Derivatives Exchange Limited (NCDEX). This 

application assists to farmers by message or expert advice through call in ten Indian languages. This app 

useful as it provides links to information providers of various crops from where farmers can obtain 

information. Further this app contains a news section, where farmers can extract information about new 

schemes launched by the government or other organization like animal health card etc. This app is very 

handy as it serves all information in single platform (IFFCO, 2016). 

Fertilizer calculator: This app used for the conversion of nutrient content of nitrogen, phosphorus, 

potassium in fertilizer doses. It provides eleven different combinations of fertilizers from nutrient doses. 

Some combinations are Urea-Single super phosphate-Muriate of Potash, Di- Ammonium phosphate -Urea-

Muriate of Potash, calcium ammonium nitrate- Single super phosphate- Muriate of Potash). 

As per UN Forecast, India will have 1.5 billion people by 2030 and will be the most populated Country by 

2030. There will be huge expectations from farmers to grow more food from less farm holdings. Crop 

Protection will play a big role in growing more and safe food for the country. The Indian Crop Protection 

Market size is estimated at INR 177.1 billion by sales in the year 2018. It has registered annual growth of 

6.4% over 2017, when the market was valued at INR 166.4 billion. With a fairly large market to be explored 

and with virtually negligible check in the rural areas, the market attracts the counterfeiters. Spurious 

products are flourishing because of poor enforcement of law. If state department officials can become strict 

on duplicate and counterfeit products, farmers can be saved from this menace, which will help them 

improve their productivity. Apart from the farmer, the industry itself is suffering from the counterfeit 

products. It is estimated that a fairly large section of products is being sold as illegal or counterfeit, which 

threaten not only the efficacy for controlling the pest but poses a risk to the environment and has a knocking 

effect on the economy. 

Applications of ICT (Information and Communication Technologies) in the Developed 

World 

The use of ICT in agriculture has also significantly transformed agriculture and farming in developed 

countries at a different scale. Internet of Things (IoT), cloud computing, and big data have all had a 

profound impact on the efficiency of current processes. Several farm holdings manage farms remotely using 

sensing technologies, drones, and other devices that gather vital data on soil properties, air, crop health, 

and weather conditions. The data enables farmers and agribusinesses to closely monitor crop cultivation, 

https://www.cropin.com/iot-internet-of-things-applications-agriculture/
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optimize the use of agrochemicals and natural resources, and adapt quickly to changing environmental 

conditions. The use of ICTs and precision agriculture tools have resulted in increased efficiency and reduced 

costs. It has also delivered decision-making tools that boost agricultural productivity as well as help 

manage natural resources effectively.  

IoT, in particular, has several applications in agriculture, from real-time monitoring of soil, plant, and 

animal health using in-situ sensors to tracking the origin of a product or agri-commodity and its 

environmental impact, as well as its storage environments along the supply chain.  

Estimates suggest that by 2030, IoT could potentially evolve into ‘Internet of Action’ where sensors and 

machines, based on in-built AI and data analytics capacity, will also be capable of self-optimizing and 

initiating activities on their own, without much human intervention. ICT farming, particularly the use of 

multimedia technology and other innovative approaches to interactive knowledge transfer processes, are 

transforming agricultural extension services. ICTs have been instrumental in empowering farmers through 

knowledge and building their capacity to achieve rural and agricultural developmental goals. Some of the 

key areas where ICT in agriculture plays a vital role are: 

Regulatory policy and governance: The widespread adoption of digital technologies by agriculturists 

is resulting in an exponential increase in the availability of a wide range of big data that can aid better 

policy-making and monitoring, as well as help transform the agriculture sector. 

Agricultural extension and advisory services: ICT in the form of innovative media platforms bridge 

the gap between farmers on one end and agricultural researchers and extension agents on the other. It is 

a more cost-efficient method to improve smallholders’ knowledge of current agricultural practices and 

markets. 

Enhanced market access: ICT-enabled market information services enhance farmers access to nearby 

markets and their awareness of current consumer demands through the transfer of information from the 

traders. ICTs also foster networking among the agri-stakeholders, which facilitates increased market 

access for inputs and product marketing and trade. 

Environmentally sustainable agriculture: Budget-friendly mobile phones, internet and other services 

to disseminate information, in addition to providing rural farmers with improved access to climate-smart 

solutions and the appropriate knowledge to use them. 

Early warning system (EWS) for disaster management: ICTs provide actionable and real-time 

information to governments and communities on disaster prevention and management. They also increase 

the efficiency of responding efforts during emergency situations and drive more effective communication 

by providing the people with timely advice on risk mitigation procedures. 

Food safety & traceability: A combination of simple and sophisticated technologies, such as mobile 

phones, software solutions, RFID tags, data input websites, and sensors using GPS technology, among 

others, enable producers to capture and monitor reliable data and also comply with international 

traceability and food 

Financial inclusion and risk management: ICTs strengthen rural and smallholder farmers access to 

financial services, enable them to find affordable insurance schemes and tools to better manage risk, and 

empower them with information regarding financial services that are available to them. 

Capacity building and empowerment: ICTs serve as vital education tools for the development of local 

communities. They broaden the reach of women, youth and other beneficiaries and open the doors for newer 

business opportunities to enhance livelihoods and incomes. 
  

https://www.forbes.com/sites/jenniferhicks/2017/12/29/the-next-technology-shift-the-internet-of-actions/?sh=304ad0443227
http://www.fao.org/e-agriculture/blog/icts-and-agricultural-extension-services
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Name of farmers Mr Jitubhai Chaudhari 

Fathers Name Mr Tej Bhai Chaudhari 

Age 42 Year 

Village & Taluka Dev & Radhanpur 

Mo No 9662240402 

Area 6.0 ha 

Irrigated area 2.2 ha 

Major crops Kharif- Green gram, Cotton, Jowar 

Rabi- Cumin, Wheat, Suva 

Zaid – Greengram 

Fruit plant- Pomegranate 

 

Mr Jitabhai T. Chaudhari is a farmer of Village – Dev, Taluka – Radhanpur, District – Patan (Gujarat). 

He is a progressive farmers & always positive for adoption of latest technologies. Mr J. T.Chaudhari are 

develop our farm as a diversify agriculture & the income sources of Mr J.T.Patel is based on  Field crop, 

Horticultural crop as well as Dairy. Under Field crop, he was grown cotton as a cash crop but he  is no 

interested on pulse crop production because the productivity of pulse crop especially in green gram are very 

low, so he was grown of pulses for home consumption. 

At the time of meeting, he was interacted with the KVK Scientist & KVK Scientist are promote for 

cultivation of pulse crop for better profit & Mr J.T.Chaudhari are agree for production of green gram. In 

2016-17, KVK was conducted the demonstration under NFSM programme on Package demonstration of 

green gram. He was actively participating the programme identification of problem for low production of 

green gram to implementation of demonstration. 

Demonstrated Technology 

Improved verity (GAM-5) + Seed treatment by fungicide (carbendazim + mancozeb @ 3gm/ kg 

seed) + Seed inoculation with N:P:K liquid biofertilizer  +Recommended Dose of Fertilizer + 

Timely weed management + IPM module. 
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Mr J. T. Chaudhary are regularly touch with KVK scientist & timely impart the activity like seed 

treatment, sowing, timely & proper dose application of fertilizer, timely weed management, apply timely 

plant protection measure resulted enhance 68.4 % productivity of demonstrated plot as compared to their 

own practice. 

Economic Impact 

No of Pods/ plant Yield (qtl/ha) Net return (Rs/ha) B:C ratio 

T1 T2 % Enhance T1 T2 % 

Enhance 

T1 T2 T1 T2 

40.2 43.6 8.46 7.6 12.8 68.4 27930 57010 2.58 3.88 

T1- Farmer’s practice, T2- Recommended Practice 

 

Action Photographs 

  
Training Programme Field Visit 

  
Data Collection Field Day 
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Introduction 

The evolution of the seed represents a remarkable transition for photosynthetic organisms. It is the most 

complex and successful method of sexual reproduction in vascular plants. Seed contain the genetic wisdom 

of the past and the potential for its perpetuation in the future. Seeds remain in a state of dormancy induced 

by desiccation and the hormone abscisic acid until conditions for growth become favourable. Seed evolution 

eliminates requirement for water during sexual reproduction and allows fertilization event to occur over 

long distances. The germination of seeds in a particular situation and season is determined by the 

interaction between the dormancy releasing factors, which influence on the termination of dormancy or 

initiation of germination and seedling growth in many plant species like phyto-hormones, light, 

temperature, water, nutrients, moisture or mechanical cues. Seeds of different plants need different pre-

treatment to get vigour seedling and even for production. Therefore, real attention should be given for the 

plant propagation, particularly for indigenous tree species and seedling multiplication should be considered 

as our culture to make suitable environment. 

Stages of Seed Germination 

Seed germination is a critically important juncture in the plant life cycle and the decision made by an 

imbibing seed to initiate germination can be considered to be a critical regulatory step in plant 

development. 

1st Stage: 

a. Imbibition - initial absorption of water to hydrate seed  

b. Activation of metabolism - increased respiration and protein synthesis  

2nd Stage: 

a. Digestion of stored food- for example, starch to sugars in cotyledon or endosperm  

b. Translocation to embryo- sugars move to embryo for growth  

3rd Stage: Cell division and growth-development of seedling. 

Following initial water uptake, this phase of development is characterized by relatively little change in 

seed water content until it is terminated by the initiation of embryo growth. During this time, energy 

metabolism resumes, respiration processes are activated, and the cell cycle may be initiated, while events 

associated with seed maturation are suppressed. Sometimes, removal of the developing seed from its 

surrounding fruit tissue is sufficient to permit germination, but germination of the seed cannot occur even 

under this situation until near maturation. The ability of seeds to germinate readily when conditions are 

suitable for successful growth and the ability to avoid germination at inappropriate times are thus essential 

to the survival of a species. The time between seed imbibitions and radical emergence is the period of 

germination in the strict sense. Three essential conditions are required for germination to be initiated:  

1. The seed must be viable,  

2. Dormancy of the seed must be overcome,  

3. The seed must be subjected to the appropriate environmental conditions: available water, proper 

temperature regimes, a supply of oxygen, and sometimes light as well as various types of fungi and/or other 

microorganisms that are needed to decompose seed coat to allow germination. 

After the seeds have germinated, they require favourable environment for their establishment. All these 

factors become available if the seeds have chance to germinate in their original ecology or if the original 

ecology is not seriously disturbed. 
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Factors Affecting Seed Germination 

Germination potential of seeds of many plants can be influenced by various environmental and the seed 

internal factors. Without understanding of such factors and appropriate knowledge of plant propagation 

techniques and their seed biology of indigenous trees, production of seedlings from seeds would be difficult. 

This is due to the existence of unique survival and developmental strategy of each indigenous tree species 

through long time of evolutionary processes. One of the major strategies in seed physiology is: some seeds 

of indigenous tree species undergo the period of dormancy to pass unfavourable environmental or internal 

situations. The germination of seeds in a particular situation and season is determined by the interaction 

between the dormancy releasing factors, which influence on the termination of dormancy or initiation of 

germination and seedling growth in many plant species like Phyto-hormones, light, temperature, water, 

nutrients, moisture or mechanical cues. 

Seed Maturity and Dormancy 

Propagations of many indigenous tree species from seeds had been difficult due to lack of precise knowledge 

on their seed biology and germination physiology. Many native plant species developed survival strategies 

through evolutionary processes for millions of years. So they must simultaneously sense a number of 

environmental conditions and fix time of seed maturation and germination and seedling emergence to 

particular periods of the year according to their habitat locations for successful establishment and survival. 

Seed set and releases of seeds into the soil occur at the pick of the dry season and emergence of seedlings 

under this condition could jeopardize survival. Hence a structural or physiological adaptive mechanism 

called dormancy prevents seed germination. A seed becomes dormant when growth potential of the embryo 

falls below the restraining force of its covering structure. Seed dormancy is defined as the state in which 

otherwise mature and viable seeds will not germinate even when exposed to favourable growth conditions. 

Dormancy is a resting stage. Seeds will only germinate when the conditions are suitable. Some causes of 

seed dormancy are: 

1. Hard seed coat.  

2. Embryo dormancy.  

3. Immature embryo- the embryo is not fully developed when the seed is dispersed. 

4. Chemical inhibitor. 

Types of Dormancies 

1. Quiescent seed dormancy -even a non-dormant or quiescent seed has a unique ability to revert to a 

dormant state under stressful conditions. Dormancy is desired in the wild, where plants depend entirely 

on nature for survival. Seeds dormancy has intrigued biologists and frustrated horticulturists for many 

years because matured seeds fail to germinate if planted immediately without a rest period. 

2. Structural dormancy is imposed via seed coat, which prohibits the entry of water, air, outward diffusion 

of possible endogenous germination inhibitors, as well as through mechanical restriction of embryo growth. 

Species with hard, impervious seed coverings occur in trees such as Podocarpus falcatus, Olea europaea 

and various Acacia species. To help such seeds to germinate, mechanical methods were employed to loosen 

the seed covering by cracking the seed coat. Similarly seeds of Prunus africana were found to germinate by 

seed coat scarification. 

Physiological dormancy (embryo dormancy) occurs when the embryo requires a special treatment to induce 

it to start active growth. A cold temperature application of about 1 to 7°C is commonly required to break 

the dormancy. In some plant species, embryo dormancy can be broken by a certain quality of light. For 

example, exposure of lettuce seeds to red light (about 660 nm) induces germination, but far-red light 

(730nm) inhibits it. It was indicated long years ago that if lettuce seeds received red light after exposure to 

far red light, germination occurred and the germination of seeds of this species can occur only as long as 

the last treatment before sowing was red light. 

Way of Dormancy Breakage 

Seeds germinate only after the dormancy is overcome or broken either through natural means such as 

animal gut activities, wild fire, and rainfall or through artificial means such as scarification, seed coat 

cracking, removing chemical inhibitors through leaching by water etc. 
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1. Scarification: Scarification is when the seed coat is rubbed with something such as sandpaper. This 

makes the seed coat thinner so water can enter more easily. This method is best for smaller seeds that are 

hard to cut for example kaka beak. To do this easily you can shake the seeds forcefully in a container lined 

with sandpaper. 

2. Chipping seeds: Chipping is cutting a small piece out of seed coat with a sharp knife. Water can then 

enter the test a through the cut. This is useful on large seeds for example, sweet pea.  

3. Soaking seeds: Soaking seeds in water overnight will soften the test a. This can be useful for seeds 

such as wattle, sweet pea and kowhai. Commercial growers use diluted acids on some seeds. 

4. Immature embryo: the embryo is not fully developed when the seed is dispersed. Therefore, Store seeds 

before planting. Waiting for a period of time will allow the embryo to mature. 

5. Chemical inhibitors: Some seeds contain chemicals that prevent germination. This is common in fleshy 

fruit but it depends on the seed type as to what will get rid of the inhibitor. 

Storage Time and Temperature 

Seed germination can be determined by many factors including seed storage time and temperature. 

Temperature is the most important environmental factor that regulates the aging of seeds, partly due to 

the increased deterioration following long-term storage under high temperature or under poor storage 

conditions. Storage time and temperature affects both germination percentage and rate of germination. 

Germination percentage, unlike germination rate, may remain relatively constant, at least over the middle 

part of the temperature range if sufficient time is allowed for germination to occur. With proper handling 

and storage, seed longevity may be maintained for significant periods. However, the processing, the rate of 

physiological change, storage and germination conditions for many indigenous tree seeds are poorly 

understood and hence they may look healthy but fail to germinate when planted due to seed short viability 

conditions as well as lack of the knowledge of their reproductive biology.  

Viability at the end of storage depends on: 

a. The initial viability at harvest, as determined by factors of production and methods of handling. 

b. The rate at which deterioration takes place. 

Basic features of storage that increases the viability of seeds include: 

a. Protection from water,  

b. Avoidance of mixture with other seed,  

c. Protection from rodents, insects, fungi, and others.  

Retention of viability also varies with the climatic factors of the area in which storage occurs. 

Conclusion 

The evolution of the seed represents a remarkable transition for photosynthetic organisms. Furthermore, 

seeds remain in a state of dormancy induced by desiccation and the hormone abscisic acid until conditions 

for growth become favourable. Whether blown by the wind, floating on water, or carried away by animals, 

seeds are scattered in an expanding geographic range, thus avoiding competition with the parent plant. 

Seed evolution eliminates requirement for water during sexual reproduction and allows fertilization event 

to occur over long distances. In conclusion seeds of different plants need different pre-treatment to get 

vigour seedling and even for production. Therefore, real attention should be given for the plant propagation, 

particularly for indigenous tree species and seedling multiplication should be considered as our culture to 

make suitable environment. 
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Summary 

Precision farming is an approach where inputs are utilised in precise amounts to get increased average 

yields, compared to traditional cultivation techniques. In India, one major problem is the small field size. 

More than 58 per cent of operational holdings in the country have size less than one hectare. 

Introduction 

Why precision farming: 

1. To increase agriculture productivity 

2. Prevents soil degradation 

3. Reduction of chemical application in crop production 

4. Efficient use of water resources 

5. Dissemination of modern farm practices to improve quality, quantity and reduced cost of production 

6. Developing favourable attitudes 

7. Precision farming changing the socio-economic status of farmers. 

Advantages 

1. Agronomical perspective  

2. Technical perspective 

3. Environmental perspective 

4. Economic perspective. 

Precision Farming Enables Climate-Smart Agri-Business 

Climate-smart agriculture is necessary for achieving the goal. PA at the appropriate level in food insecure 

countries is also a powerful tool once it is applied appropriately, based on local crop and site-specific 

conditions. Consequently, the adoption of new techniques in less-developed areas should start with a basic, 

affordable, and effective mix of technologies and practices (Shafi et al., 2019). 

Agricultural Extension Via Digital Advisory Services 

Adoption of best practices is critical and digital communication is necessary to bridge the technology gap. 

Agricultural extension plays a key role in technology dissemination and the private sector is increasingly 

active in this domain. Today, Digital Advisory Services (DAS) are either part of the offering of input 

providers or stand-alone for profit, typically start-up platforms. In the first case and with few exceptions, 

existing free DAS is a differentiation tool to promote the use of the manufacturers’ core products. The main 

barriers to DAS adoption are limited digital infrastructure and illiteracy, areas where India has significant 

advantages over most of Sub-Saharan Africa. 

Drip Irrigation 

In addition to its advantages over other types of irrigation for improving yields, drip irrigation is the best 

delivery system for soluble fertilisers. It also drastically reduces the propagation of weeds and the need for 

herbicides. 

Solar Pumps 

Solar pumps that lift well water to feed drip systems are a benefit multiplier. Yet the introduction of solar 

pumps is slow despite their zero-carbon footprint and low-maintenance photovoltaic technology. According 

to official estimates, over twenty million well pumps operate today in India, roughly split between electric 
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and diesel at a solar unit cost ranging from $1,500 to $10,000 for multiple farmers. Changes to subsidy 

policies now underway may help pave the way for mass adoption and hence further increase the role of 

private firms contributing to the proliferation of solar pumps. 

Soil and Crop Monitoring 

Imagery-equipped drones are often technically and financially affordable for small farmer communities, 

also particularly suited for small plots and contract farming. Early detection and correction of soil and crop 

deficiencies is a win-win proposition for both farmers and off-takers. If purchased and operated by large 

agri-businesses, the investment in drones and imagery analysis can be factored into the produce price paid 

to farmers. Extending the usage of equipment for soil and crop monitoring to farming cooperatives and 

contract farms also benefits from new forms of capex utilisation led by the private sector, now spreading 

from developed countries into emerging markets (Rad et al., 2015). 

Technology 

Technologies include a vast array of tools of hardware, software and equipment: 

1. Global Positioning System (GPS) receivers 

2. Differential Global Positioning System (DGPS) 

3. Geographic information systems (GIS) 

4. Remote sensing 

5. Variable Rate Applicator 

6. Combine harvesters with yield monitors. 

Drawbacks of Precision Farming 

1. High cost 

2. Lack of technical expertise knowledge and technology 

3. Not applicable or difficult/costly for small land holdings 

4. Heterogeneity of cropping systems and market imperfections. 

The Policy Approach to Promote Precision Farming at Farm Level 
1. Identify the niche areas for the promotion of crop specific precision farming. 

2. Creation of multidisciplinary teams involving agricultural scientists in various fields, engineers, 

manufacturers and economists to study the overall scope of precision agriculture. 

3. Provide complete technical backup support to the farmers to develop pilots or models, which can be 

replicated on a large scale. 

4. Pilot study should be conducted on farmers’ fields to show the results of precision agriculture 

implementation. 

5. Creating awareness among farmers about consequences of applying imbalanced doses of farm inputs like 

irrigation, fertilisers, insecticides and pesticides. 
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Elephant apple (Dillenia indica) is a large fruit 

with acidic flavoured, belongs to the family 

Dilleniaceae. It is popularly known as 

elephant apple for its knobby shape which look 

like an elephant’s toe and also it is the main food 

source for the wild elephant. It is also known as 

Indian catmon, Chalta (Bengali, Assam), Chulta 

(Hindi), Karambel (Gujarati and Marathi), 

Bhavya (Sanskrit) and Ramphal (Nepali) (Boparai 

et al, 2016). The fibrous fruit have gelatinous 

pulp enclosed by greenish yellow husk which is 

hard and very thick leathery, containing 

numerous seeds. Fruits are emits a sourish smell 

at the time of ripening. The fruits are rich source 

of nutrients (Gopalan, Ramasastri, & 

Balasubramaniam, 1971). The ripe fruits are 

eaten as raw and could be processed to 

commercial products such as pickle, curries, 

jam, and jellies. 

 

         

 

Origin and distribution 

Native place of elephant apple is south-

eastern Asia i.e., India, Sri Lanka east to 

southwestern China (Yunnan) and Vietnam, and 

south through Thailand to Malaysia and 

Indonesia and some extend to Tropical 

Australia. (Lim, 2012 and Abdille et al, 2005). 

The genus Dillenia has two important species 

i.e., Dillenia indica and Dillenia pentagyna are 

widely distributed in many Asian countries. 

The elephant apple belongs to the 

genus Dillenia, which has about 60 species. 

Some of the important species are 

Dillenia indica, Dillenia pentagyna, Dillenia 

alata, Dillenia suffruticosa, Dillenia papuana, 

Dillenia excelsa, Dillenia serrata, Dillenia ovate, 

Dillenia phillipinensis, Dillenia megalantha, 

Dillenia reifferscheidia, Dillenia  turbinata, etc. 

Dillenia indica Linn. and Dillenia pentagyna 
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Roxb. are widely distributed in India. (Dickison, 

1979).  

Dillenia indica is distributed in Bhutan, 

India, Indonesia, Laos, Malaysia, Myanmar, 

Nepal, Bangladesh, the Philippines, Sri Lanka, 

Thailand, and Vietnam in valleys and 

streamside areas. In India, it is found in the 

moist and evergreen forests of the sub-

Himalayan region, which stretching from 

Kumaon and Garhwal eastward to Assam, West 

Bengal, Bihar, Orissa, Madhya Pradesh, and 

Gujarat (Abdille et al, 2005). 

Dillenia pentagyna, on the other hand is 

found in rain forest, thickets, and hills below 

400 m. Hainan, Yunnan in Bhutan, India, 

Indonesia, Malaysia, Myanmar, Nepal, 

Thailand, and Vietnam. In India it is grow in 

Himalayan region, as well as from Punjab to 

Assam, South India, Andaman and Nicobar 

Islands, Gujarat, Mizoram, and West Bengal. 

(Khanum et al, 2007;  Khare, 2007). 

Nutritive value and Chemical constituents 

Fruits contain 82.3% moisture, 0.8% 

protein, 0.2% fat, 0.8% minerals, 2.5 % fibre, 

13.4% carbohydrate, 0.016% calcium and 

0.026% phosphorus (Gopalan et al, 1993). 

Abdille et al. (2005) reported that fruits contain 

34% of total phenolics in 

methanolic extract and polysaccharide like an 

arabinogalactan. The fleshy sepals of the fruit 

are rich in vitamin C, tannins, malic acid, 

arabinogalactan, and glucose (Nayak et al, 

2016). Almost all parts of Dillenia indica and 

Dillenia pentagyna contain chemical 

compounds such as betulin, betulinic acid, 

flavonoids and sitosterol (Talukdar et al, 2012). 

Mandal and Mazumdar (1995) reported that 

the fruit specific gravity as 0.98, total 

sugars 0.61%, reducing sugars 0.43%, non-

reducing sugars 0.17%, total titratable acidity 

(equivalence of citric acid) 0.69% and the 

vitamin C 20 mg per 100 g of pulp. 

Dillenia seeds contain fixed oil, 

colouring matter, saponins, proteins, sterols, 

glycosides, free amino acids, sugars, free acids, 

and tannins (Uppalapati and Rao, 1980).  

The stem of the Dillenia pentagyna 

contains naringenin 41ObD-xylopyranoside, 

flavonoid glycosides, naringenin 7galactosyl 

glucoside, and dihydroquercetin 5galactoside, 

as well as rhamnetin 3glucoside (Uppalapati 

and Rao, 1980), diterpene, namely dipoloic 

acid, derived from methanolic extract 

(Srivastava and Srivastava 1984), and saponin 

namely alpha-L- rhamnopyranosyl-3-beta--

hydroxy-llup20(29)- en-28-oicacid (Tiwari et al, 

1980). 

Flavanoids such as kaempferol, 

quercetin, isorhamnatin, naringenin-7 

galactosyl (1-4) glucoside, and rhamnetin-3-

glucos terpenoids such as lupeol, 

betunaldehyde, betulin, betulunic acid, mallic 

acid, âsitosterol, stigmasterol, and phenolics 

are found in the stem bark (Khanum et al, 

2007;  Khare, 2007). 

Health benefit 

The fruit is used for indigenous medicine 

in the form of Ayurvedic, Unani, homeopathy, 

and folk medicinal systems in India and many 

other countries also (Boparai et al, 2016). 

Traditionally, each part of this plant has been 

used for medical purposes. According to 

literature reviews, the plant has a wide range of 

medical properties, including antibacterial, 

antioxidant, and analgesic, anti-inflammatory 

and anti-diabetic properties (Nayak et al, 2016). 
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The fruit extract used for anti-leukemic activity 

in human leukemic cell lines. The fruit used to 

treat abdominal pains and possesses for tonic 

and laxative properties (Singh et al, 2016). Plant 

phenolic substances such as flavonoids, 

phenolic acids, tannins, and phenolic 

diterpenes are mainly responsible for a plant's 

antioxidant activity (Gogoi et al, 2012). 

The leaf, fruit, and stem bark of D. 

andamanica, D. indica, D. ovata, and D. 

pentagyna can be used to treat skin disease 

such as leucoderma, skin itches, skin rash, and 

eczema. In addition, the stem barks of D. aurea 

and D. parviflora, as well as the leaves of D. 

suffruticosa, can be applied to the skin as a 

paste or poultice to treat wounds. In Assam, it 

is traditionally used as a drug to treat type 2 

diabetes (Das and Sarma, 2013). Elephant apple 

powder helps in the proper function of the 

kidneys and can act as a superfood in the 

removal of kidney stones and the regulation of 

body temperature. Elephant apple is one of the 

best alternatives for cure stomach related 

problems, Protects Kidney, Improved RBC 

Count, Constant Energy Levels, Delayed Aging, 

Fights Infections, Good for Eye Health, Lower 

Blood Pressure (Rai and Sajwan, 2020). Seed 

powdered of elephant apple is taken to ensure 

better digestion and antimicrobial activity 

(Rahmatullah et al, 2010 and Apu et al, 2010). 

The leaves and bark are used as astringents, 

laxatives, and tonics (Bhakuni et al, 1968 and 

Banerji et al, 1975). 

Botanical description 

Elephant apple is an evergreen large 

shrub or small to medium sized semi deciduous 

tree, growing up to 15 m tall. The leaves are 20-

30 cm long, dark green, fascicled at the end of 

the branches, acuminate, oblong-lanceolate, 

and sharply serrate with a conspicuously 

corrugated surface with impressed veins. (Sunil 

et al., 2011).  

Tree bear aromatic, magnolia-like 

flowers in June-July. The flowers are solitary or 

cluster, white colour, large up to 15-20 cm in 

diameter and borne on the current 

season’s growth towards the end of small 

terminal shoots. The flower consists of five 

petals and numerous yellow stamens. The 

sepals are yellowish green and rounded. In 

India, flowering start from late July and it 

continues for about 3 weeks. The peak anthesis 

time is found between 11:30 am and 12.30 am 

and lasts about 3 hours. The dehiscence of 

anthers starts from 56 hours after anthesis. 

Flowers are cross pollinated and pollination is 

done by bees and flies (Janick et al, 2008). It is 

the largest and stoutest flowering species in the 

Dilleniaceae family. Elephant apple has two 

forms of flowers, one has two sets of stamens 

with heteranthery and spreading stylar 

branches (roundabout flower), and this form is 

prominent because roundabout flowers are 

rare in angiosperms (Weber, 1993; Endress, 

1994). The other form has more connivant 

stylar branches and without two distinct sets of 

stamens, though stamen size is reduced more 

gradually as the flower gets closer to the 

periphery (revolver flower). The common 

feature of Dilleniaceous flower buds have 

reflexed anthers or stamens (Kubitzki, 1971).  
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The time required to mature about 140-

160 days from fruit set and simple sigmoid fruit 

growth curve found. Fruits are harvest when 

they change to a straw yellow with a greenish 

tinge, during October-January in India (Janick et 

al, 2008). Fruits are large round to oval with 

7.5 to 10  cm in diameter, 2 to 5 in (512.5 cm) 

wide, with a hard, woody, grayishwhite, scurfy 

rind about 1/4 in (6 mm) thick and subglobose 

aggregate of 15 carpels, and each carpel 

containing five seeds embedded in an edible 

but  fibrous pulp. 

Variety 

There are no commercial variety developed in 

India. Only local genotypes are grown in our 

country (Das and Das, 2003). 

Climate and soil  

Elephant apple is a tropical fruit plant, which 

grow well in warm tropical region where 

temperatures of 24-35℃ and high mean annual 

rainfall of 2000 mm. In tropical rain forest it is 

found, usually near the banks of creeks or rivers 

at altitudes up to 1100 m. Plant can tolerate in 

full sun or light shade and is frost 

intolerant (Lim, 2012). Most favourable soil 

pH 5.5-7.0 in moist soils.  

Propagation 

It is normally propagated by seeds and 

cuttings, although air layering and invitro 

shoot multiplication has also been practice. 

Seeds should be extracted from ripe fruit. Seed 

cannot be stored well for a long time as it is a 

recalcitrate seed. Seeds are sown in the seed 

bed or polythene bags for raising seedling. It 

takes around 30days to germinate under proper 

environment condition (Thapliyal et al, 2008).  

Angami et al, (2011) reported that the 

hardwood cuttings treated with IBA 250 ppm 

and 2000 ppm exhibited superiority in 

respect of length of the longest primary 

root and days required for rooting and survival 

percentage, respectively. The best time for air -

layering is between July – August in hot and 

humid climate (Kishore and Singh, 2015). 

In vitro shoot multiplication of 

elephant apple is an efficient approach, using 

nodal explants. For an example, clorox at 15% 

for 10 minutes was used for explant sterilisation, 

providing a decontamination rate of 85 percent 

and a survival rate of 95 percent. MS medium 

enriched with 2.0 mg/L benzyl amino purine 

(BAP) was achieved in the maximum shoot 

multiplication rate (7.1 shoots per plant). 

Shootlets were effectively rooted on half 

strength MS medium supplemented with 10 

mg/L silver nitrate in combination with all IBA 

concentrations utilised (0.5, 0.75, 1.0 mg/L) and 

silver nitrate at 5 mg/L plus at 0.75 and 1.0 mg/L. 

(Abd El-Kadder et al, 2012). 
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Cultivation practice 

The best time for planting of elephant apple 

is June-July. Spacing should be maintain at 7-8m 

apart. The seedlings for planting should be at 

least 78 months old. Manuring is not commonly 

used by growers because they are hardy in 

nature; however, manuring and fertilisation 

should be used for commercial cultivation. 

Before planting, apply 25 kg FYM and 2 

kilogramme wood ash per pit. Apply 20 kg FYM 

to a fully developed tree at the start of the 

monsoon season for the tree's overall health 

and economic return. Regular irrigation is 

essential for proper growth and development of 

the elephant apple. Although the removal of 

dead, diseased, and crisscross branches is 

required, regular pruning is not done on a 

regular basis. Provision for growing intercrops 

such as ginger, turmeric, and tuber crops is 

made to produce extra income during the 

Elephant apple's first growth stage when 

sufficient inter space is available. (Deshmukh et 

al, 2014) 

Harvesting and yield  

The fruit is harvested from September-October 

and continues up to February (Abdille et al, 

2005). Elephant apple mature about 160 days 

from fruit set when change of fruit colour from 

green to straw yellow with a greenish tinge 

(Neog and Mohan, 1993). The tree starts bearing 

after 8 to 10 years from seed propagation. 

Under the proper conditions, a 10-year-old tree 

can produce 1000 fruits per year. The fruit has 

an average weight of 300 g (Das et al, 2003). 

Post‐harvest management of fruits 

and storage 

The fruits are harvested when ripe as it is a non-

climacteric fruit. Fruit can be stored for 1 month 

at 4.5℃ (Bhattacharya et al., 2002). Chalta 

pickle is very popular pickle in Eastern part of 

India, West Bengal and Assam. 

CONCLUSION 

Elephant apple is a potential underutilized fruit. 

Fruit is a rich source of nutrition and antioxidant. 

All part of this plant is use in traditional and as 

well as Ayurveda system of medicine. According 

to the literature reviewed, this plant has no 

known toxicity, making it more beneficial in the 

treatment of several illnesses. In this review 

gives a detailed description of pharmaceutical 

formulations, pharmacological properties 

phytochemical profile, and traditional uses of 

the plant. It is required for systemic and 

scientific research to explore the maximum 

potentiality of this fruit.
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Foam-mat drying is a simple process of drying 
liquid - solid foods by being mixed with stabilising 
agent and or foaming agent to produce stable 
foam, which undergoes air drying temperatures 
ranging from 50-80oC (Kandasamy et al., 2012; 
Febrianto et al., 2012). The foam- mat drying 
process can be used to dry juice, milk, fruits, 
beverages, jams (Widyastuti & Srianta, 2011). The 
foam dried product is then further ground to 

produce a powdered product. Foam-mat drying is 
the simplest forms of drying compared to other 
methods such as freeze drying, spray drying, as it 
is less expensive, less complicated and is less time 
consuming (Febrianto et al., 2012). This review 
article mainly focuses on the different aspects of 
foam-mat drying. Figure 1 depicts a variety of 
drying technologies. 

 
Foams 
Theory of foam formation 
Foam is a system with two phases (dispersed and 
continuous phase) separated by a thin film liquid 
layer known as the lamellar phase (thin wall of 
bubble). In the case of food and beverages, foam 
is a complex system formed by gas, liquids, solids 
and surfactants (Eisner et al., 2007). Foams have 
gas bubbles surrounded by plateau border. Given 
that foam development is an significant step, 
understanding the factors contributing to its 
appearance or disappearance is crucial Such 
factors includes the number, size and distribution 
of bubbles, will determine the foam texture, 
uniformly distributed tiny bubbles further results 
in softer foams. Foams accumulates and builds up 
at the air –liquid interface but is naturally unstable 
because the  surface tension go against the forces 
needed for its maintenance, thereby leading to 
collapse of the foam. 

Proteins and surfactants are other factors 
that influences foam texture and are involved in 
retaining or improving stability of foams. 
Surfactants migrate rapidly against a gradient 
towards thinner regions of the bubble walls 

(lamella), while proteins will bind to interface and 
further interact with the lamella by means of 
electrostatic or hydrophobic forces, hydrogen 
bonds or covalent linkages. These interaction 
leads to the formation of viscoelastic films that is 
resistant to tension and able to withstand the 
film’s thickness. Proteins interact with one 
another, to a point that no free molecules will be 
present, thereby producing foam (Blasco et al., 
2011). Formation of foam depends on many 
parameters such as properties of the liquid being 
foamed, method of foaming and foaming 
condition. Figure 2 depicts the general structure of 
foam system. Indrawati et al, 2008 further 
explains that foams are thermodynamically 
unstable; therefore a surface active agent such as 
protein can be used to provide kinetic stability 
during foaming formation. Protein reduces surface 
tension which enables foam formation and 
stabilizes the foaming system by modifying the 
inter-particle forces between foam bubbles and 
improving the interfacial rheology.  
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Foam stability  
Foams are thermodynamically unstable 

because of their high interfacial energy. The 
instability can be classified into two types; (1) 
unstable or transient foams with lifetimes of 
seconds and (2) metastable or so called 
permanent foams with lifetimes measured in 
hours to days. Collapsing of the foam is because of 
the bubble coalescence, which is defined as 
merging or combining of two bubbles in a fluid to 
form a larger bubble. It occurs in a three step 
process: bubble approach and creation of thin 
film, film drainage and film rupture. It is difficult to 
form a stable film in pure water as its surface 
tension is large and coalescence takes only a few 
seconds, whereas with addition of surfactants, will 
stabilise against coalescence leading to foam that 
will last longer (Henry, 2010). 

Gravity is another obvious force that acts 
on the formation of foam, causing drainage of the 
liquid between the air bubbles. Drainage can be 
reduced by either adding particles or increasing 
the viscosity of the bulk liquid. Systems like these 
will then give very stable foam. The influence of 
solid particles on the formation and stability of 
foam is dependent on the surfactant type, the 
particle size and the concentration. Hydrophilic 
particles present in an aqueous phase of foam 
films can enhance foam stability by slowing the 
film drainage process. Whereas hydrophobic 
particles that penetrate the air-water surface of 
foam can cause destabilisation (Schilling & 
Zessner, 2011). Indrawati et al, 2008 investigated 
the effect of processing parameters (mixing speed, 
type of protein, temperature, and flow rate of the 
protein solution, and mixing geometry) on the 
stability of foam. The authors reported that 
volume fraction of foam increases as mixing speed 
is increased because of the more air that is 
incorporated and the liquid fraction also increases 
due to more entrainment of liquid in the foam 
resulting from small bubbles. Lower liquid flow 

rate of the protein also increases the foam 
stability. 
 
Various foam generating methods 
Foaminess of aqueous liquids is characterised by 
the volume of foam that can be formed either by 
bubbling air through liquid or by using any mixing 
method (Eisner et al., 2006). One of the foam 
generation classifications is the static method. The 
most common static methods of generating foam 
are known as whipping, shaking and bubbling. 
 
Whipping 
Whipping or beating can be carried out with 
different devices such manual and automatic 
blenders, vortex mixers, and homogenizers that 
agitate the liquid in order to form an interface 
with a gas phase. Blenders and homogenizers are 
used to blend all kinds of food material from liquid 
to solid including baking ingredients and mixes, 
drink mixes, powdered spices, snack foods, 
vitamins, coffee, and tea. They are effective in 
providing some diffusive mixing and in breaking up 
agglomerates, while vortex mixers can only be 
used for liquid suspension (Prescott & Clement, 
2005). In this method, gas is introduced into the 
liquid. The volume of air incorporated into the 
foam usually increases with an increase of beating 
intensity (Arzhavitina & Steckel, 2010). Air is 
trapped inside the liquid because of the action of 
the agitator. When trapped inside the liquid, the 
size of the air bubble will be large and is 
subsequently broken into small bubbles because 
of the mechanical agitation. Every air bubble 
undergoes severe mechanical stress throughout 
whipping; therefore, a more fast coalescence 
happens during foam generation than in standing 
foam. The final size of bubbles depends on speed 
of the agitator, the geometry of the apparatus and 
rheological properties of the liquid (Arzhavitina & 
Steckel, 2010).  
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Shaking 

In the method, agitating liquid vigorously 
results in the formation of foam and it is rarely 
used. The rate at which the bubbles are formed 
depends on the frequency and amplitude of 
shaking, volume and shape of the container, the 
volume and viscosity of the liquid. Only low foam 
volumes at longer generation time can be 
produced by this method (Arzhavitina & Steckel, 
2010). . 
 
Bubbling 

This bubbling method of generating foam 
involves the injection of gas through narrow 
openings into a known quantity of liquid. This 
method is reproducible and produces uniform 
bubble sizes. The size of bubble formed highly 
depends on the viscosity of the liquid. This 
method has a greater control over the size of 
bubble achieved by adjusting diameter of the 
opening. Foam volume produced here depends on 
the total amount of foaming agent in the solution 
or liquid being bubbled (Arzhavitina & Steckel, 
2010).  

Foam-mat drying processing technique 
 Foam mat drying is a process where liquid 
foods are whipped into stable foams and then air 
dried. During the heated air drying it is required 
that the foams remain stable and retain typical 
open structure to simplify rapid drying and 
detraying. Should foams collapse during drying, 
this unwanted feature increases drying rate, 
reduces the quality of the product and prevents 

detraying (Sankat & Castaigne, 2004). Degree of 
drying in the foam-mat drying process is 
reasonably very high because of the massive 
increase in the liquid-gas interface, even though 
the heat transfer is hindered by a large volume of 
gas present in the foamed mass. Drying occurs in 
more than one constant rate periods because of 
the periodic bursting of successive layers of foam 
bubbles, thus exposing new surfaces for heat and 
mass transfer as the drying progresses (Kandsamy 
et al., 2012). 
 However it is recognised that pure liquids 
do not foam and the foaming solutions depict an 
obvious relationship with the surface activity of 
the solute. Foaming is not distinct in mixtures of 
liquids with the same chemical type, it is also not 
pronounced in aqueous solutions of highly 
hydrophilix solutes, glycerol or sucrose. Transient 
foams are caused by solutes that lower the 
surface tension moderately for example the short 
chain aliphatic alcohols and acids  and persistent 
foams arise only with solutes which lower the 
surface tension in dilute solutions , for example 
proteins. For foaming to take place a “foreign 
compound” must be added to produce a stable 
gas-liquid dispersion. This type of compound is 
normally an existing or added active agent that 
reduces the surface tension of liquid and 
therefore encourages a surface layer of a 
composition that differs from the rest of the 
liquid. This layer performance as a buffer that 
hinders the natural coalescence of gas bubbles 
dispersed in a liquid (Tayeb, 1993). 
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INTRODUCTION 

Bael is known for its nutritional and medicinal 
values. Bael is a domestic fruit tree of India having 
religious importance. It is also known as Bengal 
quince, Indian quince, golden apple, holy fruit, 
stone apple. It is known from the pre-historic 
times. Drugs prepared from bael used to cure 
diarrhoea, dysentery,  peptic  ulcer, respiratory  
infections and  relieving constipation. It is a 
deciduous tree with 6-8 meters in height with 
greenish white and sweet scented flowers. Fruits 
are oblong and pyriform in shape.  Because of the   
Important  medicinal  properties  of  bael such as 
antidiabetic,  antimicrobial,  anti-inflammatory,  
antipyretic,  analgesic,  cardioprotective, 
antispermatogenic, anticancer and radioprotective 
it is considered to be medicinal plant. Bael is 
found growing along foothills of Himalayas, Uttar 
Pradesh, Bihar, Chattisgarh, Uttaranchal, 
Jharkhand, Madhya Pradesh, The Deccan Plateau 
and along the East Coast. 

POPULAR VARIETIES WITH THEIR YIELD 

 Narendra Bael (NB) 1 and Narendra Bael 
(NB) 2 are most useful and good yielding 
variety. 

 Narendra Bael (NB)-5: - Fruit size is 
medium having weight of about 1kg. The 
surface is smooth with round shape, 
having low mucilage and soft flesh with 
excellent taste. 

 Narendra Bael (NB)-6: - Fruit size is 
medium with about 600g of weight. The 
surface is round smooth having soft flesh 

with low mucilage content. They are mild 
acidic and good in taste. 

 Narendra Bael (NB)-7:- Fruit size is very 
large, flattened round greenish grey in 
color. 

 Narendra Bael (NB)-9: - Fruits of this 
variety are large in size, having oblong 
shape with low fibre and seed content. 

 Narendra Bael (NB)-16:- Prolific bearing, 
fruits are elliptical round in size having 
yellow pulp with low fibre content. 

 Narendra Bael (NB)-17:- Prolific bearer, 
fruits are average in size with low fibre 
content; 

 CISH B-1: - It is a mid-season variety which 
matures in April-May. The fruits of this 
variety are oval-oblong in shape. The fruits 
are average in size having weight of 1.0kg 
and are the pulp is dark yellow in color 
with good flavoring taste. When tree 
matures it has 50-80kg of weight. 

 CISH B-2: - It is a dwarf variety and 
moderately spread. The fruits are oblong-
oval in shape and are average in size 
having 1.80-2.70kg of weight. The pulp is 
orange yellow in color with good taste. 
They have low fiber and seed content. The 
tree at maturity bears upto 60-90kg 
weight. 

 Goma Yashi:- Developed by Central 
Horticultural Experiment Station, Godhra, 
Gujarat. Trees are dwarf, spineless, prolific 
bearer and have early maturity. Fruits are 
bigger in size and yellowish green in color. 

 Pant Aparna, Pant Shivani, Pant Sujata, 
Pant Urvashi are developed by G.B. Pant 
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university of Agriculture and Technology, 
Pantnagar, uttarakhand. 

 Pant Aparna: - Its trees are dwarf with 
drooping flowers, almost thornless, 
precocious and heavy bearer. The leaves 
are large, dark green and pear shaped. 
Fruits are globose in shape with average 
weight 1.0 kg. 

 Pant Shivani: - Found in early mid-season. 
Trees are tall, vigorous, dense, upright 
growth, precocious and heavy bearer. The 
weight of fruit ranges from 2 to 2.5 kg 

 Pant Sujata: - Trees are medium dwarf with 
drooping and spreading foliage, dense, 
precocious and heavy bearer. Fruit weight 
varied from 1 to 1.5 kg 

 Pusa Urvashi: - It is mid-season variety. 
Trees are tall, vigorous, dense, upright 
growth, precocious and heavy bearer. 
Fruits are ovoid, oblong. The fruit weight 
ranges from 1.5 to 2.5 kg. 

HEALTH BENEFITS OF BAEL FRUIT 
1: Management of bacteria-induced diarrhea 
and cholera. 

2: Good for digestion. 

3: Reduces cholesterol. 

4: Help in diabetes management.  

5: Prevent skin infections.  

6: Act as a blood purifier. 

7: Help in scurvy. 

8: May reduce cancer risk. 
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INTRODUCTION 

Ber or Indian jujube (Ziziphus mauritiana) 
is one of the hardy minor fruit crops suitable for 
cultivation in arid conditions.  It is native to 
India.        

Area & Production  
The major ber-growing states are Haryana, 

Punjab, Uttar Pradesh, Rajasthan, Gujarat, 
Madhya Pradesh, Bihar, Maharashtra, Andhra 
Pradesh and Tamil Nadu. 

 BER (Zizyphus mauritiana Lamk)is an 
ancient and indigenous fruit of India, China and 
Malaysia region. The fruits are very nutritious and 
are rich in vitamin C, A & B complex. The ber is 
one of the most common fruit trees of India and is 
cultivated practically all over the country. Ber 
fruits can be within the reach of the poor people 
and hence known as poor man's fruit. 
 
Importance: 

Among the fruit trees, ber cultivation 
requires perhaps the least inputs and care. It gives 
good production even without irrigation and can 
be grown as a rainfed crop in semi-arid and arid 
regions. The tree can, therefore give assured 
income even under marginal growing conditions 
and provides nutritious food at very low cost. The 
fruit is dried and is used as a dessert fruit. It can 
also be preserved as a candied fruit. 
 
Climate: 

The ber is a hardy fruit and grows well all 
over the country under varying climatic conditions 
and upto an elevation of 1000 meters above sea 

level. For its successful cultivation, it favours a hot 
and dry climate. The Ber crop withstands high 
temperature and aridity by cessation of growth, 
leaf fall and dormancy phase. In high humidity 
conditions disease and pest problems increase 
especially of powdery mildew which is a serious 
disease. 
 
PRODUCTION TECHNOLOGY 
Agro-climatic requirements 

Ber grows under varying climatic 
conditions at elevations upto 1,000 m. above 
m.s.l. It can withstand extremely hot conditions 
but is susceptible to frost. High atmospheric 
humidity is not suitable for its cultivation. 
Ber grows on a wide variety of soils-sandy, clayey, 
saline and alkaline soils. 

   
Growing and Potential Belts  
The state-wise growing belts are given in the 
following : 

State Growing belts 

Haryana Hisar, Rohtak, Jind, Panipat, 
Mahindergarh, Gurgaon, 

Rajasthan Bharatpur, Jaipur, Jodhpur 

Punjab Sangrur, Patiala 

Gujarat Banaskantha, Sabarmati 

Karnataka Bijapur, Bellary, Gulbarga, 
Belagaum, Raichur, Bidar 

Tamil Nadu Tirunelveli, Ramanathapuram, 
Dharmapuri, Salem 
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Varieties Cultivated  
About 125 varieties are found in India. Umran, 
Gola, Seo, Mehroon, Kaithali, Kantha etc. are 
important varieties. 
 
Classification according to ripening period : 

 Early ripening (February) : Gola, Seb, 
Safeda, 

 Mid season (First- Third week of March.) : 
Kaithali, Reshmi. 

 Late ripening (Fourth week of March-mid 
April.) : Umran, Kantha, Elaichi. 

 
 

Umran: 
Trees are spreading and vigorous. Fruit is large 
and oval with round apex. Colour of fruit yellow to 
golden yellow when fully ripened. Over ripened 
fruits turn chocolate brown. Pulp sweet with .15 
to 19 percent TSS. Fruit ripens in second fortnight 
of March. Tree is heavy yielder (150-200 kg). Fruits 
have very good keeping quality. Susceptible to 
powdery midew disease. 
 
 

Sanour-2: 
This is one of the selections made from village 
Sanour in district Patiala. The tree is spreading and 
less vigorous than umran. TSS of pulp is 15-18 
percent. Fruit ripens in second fortnight of March. 
Average) deld 150 kg/tree. It is resistant to 
powdery mildew, disease and can be cultivated in 
humid areas. 
 

 
Kaithli: 
The cultivar is selection from kaithal in Haryana. 
The trees are erect growing and vigorous than 
Sanour-2. Fruit is medium in size oblong in shape 
with a pointed apex. The colour of the fruit at 
ripening becomes greenish yellow. Pulp is soft 
with 18% TSS. Fruit ripen in end March. Average 
yield per tree is 100 kg. This is excellent table 
purpose ber fruit but sometimes can be attacked 
by powdery mildew. 

Z.G. 2: 
The trees are spreading with drooping branches. 
The fruit is medium in size and roundish in shape. 
Very soft to eat. The colour of the fruit become 
light green at ripening. The pulp have excellent 
blend of acidity with TSS 13-15%. It ripens in end 
March. Average yield 150 kg per tree. Less 
susceptible to powdery mildew disease. 
 

 
Wallaiti: 
Tree is semi-erect growing and vigorous growing. 
Fruit size medium to large and oval in shape. 
Epicarp light golden yellow in colour at ripening. 
Pulp soft and sweet with 15% TSS. It is an early 
ripening cultivar and ripens in March, Average 
yield 100kg per tree. It is also susceptible to 
powdery mildew. New ber varieties released are 
Goma Kirti, Thar Bhubharaj, Thar Sevika (Seb x 
Katha). 
 
 

Thar Sevika 
Developed by the hybridization from a cross Seb x 
Katha. Thar Sevika is an eaely maturing variety. 
Average fruit yield is 30-32 Kg/tree. 
 
 

Thar Bhubharaj 
A selection from  local material of Bhusavar area 
of bharatpur district of rajasthan, having an 
average yield potential of 30-36 kg/tree. The fruits 
are very juicy, sweet with a TSS content of 22-
23%. 
 
 

Thar Malti 
Tolerant to low temperatures (front; subzero -2ᵒC) 
as plant growth. Plant height (3.6m), semi – erect 
growth habit, late maturing,  fruit ripens in 145-
150 days from fruit set, greenish-yellow coloured 
oval fruits, high yield and soft pulp texture, less 
thorny, fruits are moderately rich in sugar and 
ascorbic acid. No major disease  or pest 
infestation, under field conditions, has been 
noticed, the fruit food yield remain unaffected of 
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antioxidants. Suitable for both table and 
processing purpose. 
 

 Fruit yield: 65-70 kg/plant 
 Fruit weight: 20.32g  
 TSS: 18.6ᵒBrix 
 Acidity : 0.46% 
 Vitamin C: 126.7 mg/100g 
 Total flavonoids: 13.1µMTE/g 
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