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Maize – Unique Usefulness 
Article ID: 10000 
Ambika Rajendran1 

1Scientist, ICAR-Indian Agricultural Research Institute, Pusa Campus, New Delhi – 110012. 

         

Maize/corn (Zea mays L.) is one such important annual cereal crop belonging to the grass family of 'Gramineae'. 
Cereals are staple food and form the base for human food habits across the globe. Maize is most utilized as 
feed.  The genus name “Zea” means "cause of life", and the species name "mays" means “mother”. Health and 
medicinal benefits of maize support the significance of maize in our dietary routine. Maize or corn is a very 
nutritious cereal. Unlike other cereals, it is mostly consumed without milling, which helps it to retain all the 
nutrients. Maize finds utility in wide range of products such as popcorn, sweet corn, cornflakes, puffed maize, 
commercial starch, glucose, maida, cosmetic powders, corn flour, corn oil, corn flakes, corn syrup, popcorn, rice 
corn and corn soap etc in several countries.  

Originated around 10,000 years back, corn is a rich source of carbohydrates, Vitamin B, proteins and minerals.  
The use of herbal remedies using maize, are popular as an alternative to standard Western allopathic medicine 
for a variety of problems. Maize meal has been used by native Americans for a wide range of ailments. It is an 
effective, warm and moist medicinal compress in Mayan, Incan and American folk medicine to treat bruises, 
swellings, sores, boils and similar conditions. Vogel in American Indian Medicine (1970) stated that the 
Chickasaw Indians treated itching skin, followed by sores when scratched, by burning old maize cobs and holding 
the affected part over the smoke. In China, maize silk is used to treat fluid retention and jaundice. Our country 
also has a very wide, valuable heritage in terms of food variety, cooking patterns and nutrition of using maize 
in different healthier food combinations. Table 1 indicates the worldwide utilization of maize for its medicinal 
utilities. 

Table 1. Worldwide use of corn (www.knowledgebase-script.com) 
China Diabetes, Diuretic, Dropsy, Hypertension, Gravel, Urogenital, Stomachic, Strangury 

Haiti 
 

Alexiteric, Bright's Disease, Cardiac, Cystitis, Diuretic, Gout, Hepatitis, Inflammation, Intoxicant, 
Metritis, Nephritis, Renitis, Rheumatism, Soap, Stone, Urogenital 

Trinidad Amenorrhea, Analgesic, Antiseptic, Diuretic, Dysentery, Dysmenorrhea, Flu, Gum, Lithontriptic, 
Menorrhagia, Oliguria 

Turkey Antidote(Bromine), Alterative, Anodyne, Demulcent, Diuretic, Litholytic, Stimulant, Stomachic  

U.S.A Cyanogenetic, Soap, Wart 

Elsewhere Analgesic, Antiseptic, Astringent, Diabetes, Diuretic, Liqueur, Lithontriptic, Litholytic, Panacea, 
Pneumonia, Shampoo, Stomachache, Tumor, Wart 

Nutritive Value 

It is rich in carbohydrates (20.5 g). Yellow maize is high in magnesium and phosphorus. Maize mixed, malted or 
milk drinks provide calcium and B vitamins (B2 and B12) as well as protein. Maize contains around 11 per cent 
of protein. Quality Protein Maize has elevated levels of lysine and tryptophan which is otherwise lacking in 
normal maize. Yellow maize is a good source of carotene for vitamin A (390 I.U). It also contains thiamine (0.15 
mg), vitamin B5 (pantothenic acid) and folic acid in appreciable amounts. It is one of the easiest foods to digest 
and is very high in dietary fibre. 

Medicinal Benefits 

Maize is said to have anticancer properties and is experimentally hypoglycaemic and hypotensive. Malted or 
mixed with milk drinks it is a very good energizing drink. Chewing fresh roasted maize is very good for the gums 
and teeth and prevents gastric ulcer and protein deficiencies in underfed children. Maize grains consumed daily 
help keep a check on the blood cholesterol level. It is a good soother and a warm, moist medicinal compress for 
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ulcers, swellings and rheumatic pains. Improved lactation in combination with juices of tulsi, aswagandha and 
honey is seen. A liquid extract of toasted or slightly roasted maize allays nausea and vomiting in many 
diseases.  A decoction of the leaves and roots is used in the treatment of strangury, dysuria and gravel. 
Treatment of nose bleeds, menorrhagia and problems related to the genitourinary system utilises decoction of 
the cob. The maize seed is diuretic and a mild stimulant. It is widely used in herbal medicine (especially from 
the herb comfrey, Symphytum officinale) to speed the healing process. People with gluten intolerance of wheat 
can suitably rely on maize foods. Diseases of the intestines and irritable bowel syndrome are treatable with 
maize. Chronic cystitis can be relieved with maize silk and it is a useful adjunct to other treatments for acute 
cystitis. Table 2 gives an account of the constituents responsible for the relieving action of different parts and 
types of maize. Maize is helpful in solving kidney problems including kidney stone formation and renal 
dysfunction. Boil 4 tea spoon of maize silk in 2½ cups of water for 20 minutes. Strain and allow cooling. Drink ½ 
cup every 4 hours. This preparation takes care of urinary infections. Corn flour paste in water acts as an effective 
face pack to remove acne and other skin blemishes. The simplest prescription is to take every day soft and 
boiled maize. 

Maize Silk - A Special Mention 

The maize kernels are a well-known food. But it is the silk of maize that has several hidden therapeutic values. 
Hence the corn silk needs special mention. Corn silk refers to the stigmas from the female flowers of maize. 
When fresh, they are like fine silk threads, 10 – 20 cm long of a light green or yellow-brown colour; when dry, 
they resemble fine, dark, crinkled hairs (Figure 1). 

 
Figure 1: Corn silk 

These female flowers are situated in leave axils with remarkable medicinal properties. The silks are harvested 
before pollination and are best when fresh. Corn silk contains fatty acid 2.5 per cent, volatile oil 0.12 per cent, 
gum 3.8 per cent, resin 2.7 per cent, saponins 3.18 per cent, alkaloids 0.05 per cent, silicon, B vitamins, PABA 
(Para Amino Benzoic Acid) and moderate amounts of iron, zinc, potassium, calcium, magnesium and 
phosphorus. Others including allantoin, anthocyanins, calcium, cryptoxanthin, glycoproteins, plant acids, 
potassium, saponins, sugars, vitamin C, vitamin K, flavonoids, chlorogenic acid, volatile oil, fixed oil, resin, 
sugars, phytosterols, allantoin, tannin, resin, sterols, minerals (especially potassium) and about eighty other 
phytochemicals. 

Corn silk has detoxifying, relaxing and diuretic activity. Corn silk is an old remedy for urinary tract ailments, 
including bed wetting, painful and frequent urination, stones, bloating gravel in the bladder and prostatitis. 
Corn silk is particularly useful for calming bladder irritation and infection in children. It is also thought to help 
relieve edema and the painful swelling of carpal tunnel syndrome and gout. Corn silk is an old fashioned, gentle, 
but effective, diuretic without the losing potassium.  By reducing fluid retention in the body, corn silk helps 
reduce blood pressure. Elimination of toxins and wastes from the body corn silk may relieve gout, arthritis and 
act as a gentle detoxifying remedy.   Corn silk's healing and soothing properties are helpful for relieving skin 
irritation, inflammation and for healing wounds and ulcers. Corn silk also serves as a remedy for heart trouble, 
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jaundice, malaria, gonorrhea and obesity. There are no known side effects when corn silk is taken in designated 
therapeutic dosages.  

Table 2. Constituents and their relieving action 

Constituents  Indications/ Actions 

Silk 

Saponins, volatile alkaloid, sterols, allantoin, 
tannin   

Irritation of the urinary system; used for renal problems in 
children; combined with other herbs for cystitis, urethritis, 
prostates. Catarrhal cystitis, lithaemia (stones), bladder 
irritation, gonorrhoea, all catarrhal conditions of the 
urinary passages, heart disease and edema.  

Vitamin K Controls bleeding 

Chlorophyll, resins and maizenic acid (a fixed 
oil) 

Bladder infections of children, Urinary sedatives 

High concentration of potassium Diuretic action 

Grains 

Beta-cryptoxanthin (orange red carotenoid) Occurrence of lung cancer 

Starch, protein, essential mineral and easily 
digestible vitamins 

Convalescence in old and recovering patients 

Allantoin Cell proliferant and wound healer 

Thiamin Keeping the memory power intact, thereby preventing the 
dreaded "Alzheimer's disease 

No toxic prolamins  Celiac disease  

Magnesium Bowel regulation 

Phosphorus Muscle building, brain and nervous system development 

High fibre Relieves constipation 

Oil 

Rich in polyunsaturated fatty acids Lowers the risk of heart disease 

Purple corn  

Anthocyanin and powerful antioxidants Regulates the function of fat cells and good inhibitor of 
cholesterol hence could ally diabetes and obesity, 
protector of the retina, stimulating blood circulation and 
also prevents the development of colorectal cancer 

Popcorn 

The process of popping, converts its starch 
into dextrine (intermediate product)  

Not fattening, valuable food in constipation and promotes 
peristalsis  

Knowledge of a few precautions such as proper dosages, prior consultation with physician, practitioner or 
herbalists and if the plants were sprayed with pesticides are to be kept in mind. In the era of fusion food, fast 
and instant food we remain unaware about many items and its nutritive and medicinal values. Our ancestors 
were using many nutritive foodstuffs, which we do not know. There are many people in India suffering from 
malnutrition. If we make use of such easily and commonly available food items, the problems of 
malnourishment can be solved up to some extent. It is very likely that we may be eating these nutritive foods 
unknowingly and remaining fit. 
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Introduction 

Role of conservation agriculture (CA) to achieve the ultimate goal of food security without endangering the 
natural resource base has been very well recognized. There are three basic principles of conservation 
agriculture, continuous no or minimal mechanical soil disturbance, permanent soil cover by crop residues and 
diversified production portfolio. These CA principles are applicable to a wide range of crop production systems 
from low-yielding, dry, rainfed conditions to high-yielding, irrigated conditions. Nevertheless, applicability of 
principles of CA is location specific. For example, under limited irrigation conditions, a permanent raised bed 
system with furrow irrigation may be more suitable and sustainable than a reduced or zero tillage system on 
the flat to replace the widely used, conventionally tilled system of flood irrigation on flat land. Soil is the 
important natural resource for agriculture and all the principles of CA revolve around sustainable management 
of soil health. 

CA in Indian Perspective 

With intensive agriculture and rapid increase in agricultural productivity in India, there is a continuous threat 
on natural resource, which is leading to unsustainability. Declining soil carbon and fertility are reflected in 
declining soil bio-diversity, multiple nutrient deficiencies, need for increasing inputs use to maintain yields and 
implications for quality of produce and environment. Excessive nutrient use and management practices are 
leading to widespread contamination of surface and groundwater with connected health hazards. Rainfall 
runoff and erosion of surface soil are responsible for continuous low productivity, more so in rainfed areas. 
Conservation agriculture has emerged in a major way forward from existing unsustainable mode of agriculture 
to sustainable management system. Globally, over 180 million hectares of land is under conservation 
agriculture. In India, efforts to promote resource conservation technologies have been underway but it is only 
in the past 10 years that the technologies are finding rapid acceptance among the farmers. In India many of the 
research and development institutions are sincerely trying to develop and disseminate conservation agriculture 
in the Indo- Gangetic Plains. Unlike, in the rest of the world, in India spread of technologies is taking place in 
the irrigated regions in the Indo-Gangetic plains where rice-wheat cropping system dominates. The advantages 
of CA system for pulses, oilseed and other crop-based systems have been well documented. There is need for 
concerted efforts to develop and transfer CA systems in challenged agro-ecoregions like rainfed semi-arid 
tropics, the arid regions or the mountain agroecosystems, where degradation of soil is a serious problem. 

 
Happy seeder for sowing of wheat in rice crop residues in the field 
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CA for Improved Physical Conditions 

Land degradation is a serious environmental problem that threatens the ecosystem, health and food security. 
More and more fertile land has come under marginal and degraded lands. The main land degradation processes 
like soil erosion, nutrient mining, carbon loss etc. are aggravated by deterioration of physical soil conditions 
which are responsible for poor soil aggregates. This is ultimately resulting in detachment and transport of soil 
leading to soil erosion. Soil physical properties are generally more favourable with no-till than tillage-based 
systems. Some of the important soil physical properties as influenced by CA are here as under.  

1. Effect on soil aggregation: Soil structure is often expressed as the degree of stability of aggregates. The 
stability of soil structure is the ability of aggregates to remain integral whilst exposed to diverse stresses. Zero 
tillage with residue retention improves dry aggregate distribution compared to conventional tillage. Therefore, 
soils under zero tillage with residue retention turn into more stable and less susceptible to structural 
deterioration, while conventionally tilled soils are prone to erosion. The soil aggregation is also influenced by 
the crops by their root systems because plant roots are important binding agents at the scale of 
macroaggregates. Due to crop root proliferation under CA large macro aggregates are always more as compared 
to continuously tilled fields. 

2. Influence on soil porosity: The soil infiltration, storage and drainage of water, the gaseous changes, and the 
penetration ease by growing roots of the crops in soils is determined by soil porosity. The pores are made by 
abiotic forces (tillage and traffic, freezing and thawing, drying and wetting) and by biotic factors (root growth, 
burrowing fauna). The changes in pore characteristics primarily reflect changes in the form, magnitude and 
frequency of stresses imposed on the soil, the placement of crop residues, and the population of 
microorganisms and fauna in the soil.  

3. Reduced soil bulk density: Soil bulk density is an important indicator of the change of soil structure and water 
retention capacity under different tillage systems. It has been widely reported that the soil bulk density is higher 
in the surface layer of zero tillage than conventional tillage. The effect of tillage and residue management on 
soil bulk density and porosity is mostly confined to the topsoil during initial few years but in due course, bulk 
density was lowered in conservation tillage compared to conventional tillage; suggesting that the beneficial 
effect of conservation tillage on bulk density comes in long term.  

4. Improved water-holding capacity: Hydraulic conductivity of a soil is generally higher in zero tillage with 
residue retention either due to the larger macropore or owing to continuity of larger pores. The management 
practices that increase the soil organic matter content may have a positive impact on water holding capacity of 
the soil. Water holding capacity increase with increase in soil organic matter, meaning CA has the potential to 
increase water holding capacity. Water use efficiency has also been reported to be greater in soils under 
reduced and zero tillage systems. 

Effect of CA on Soil Properties 

Soil chemical properties that are usually affected by tillage systems are soil organic carbon content, pH, CEC, 
exchangeable cations, available nitrogen, phosphorous, potash and other secondary and micro nutrients along 
with soil total nitrogen. The effect of CA on soil chemical properties is here as follows.  

1. Soil organic carbon: The soil organic matter in the surface soil is vital because it harbours the seed, fertilizers 
and pesticides. Surface organic matter is essential for water infiltration, nutrient balance and conservation of 
the soil. A build-up of organic carbon mainly due to permanent residue cover and reduced oxidation of 
preserved soil carbon is a common phenomenon in CA based system. 

2. Induced nutrient availability: Soil nutrient mining occurs when extraction of useful nutrients from the soil by 
agriculture exceeds the rate of replenishment in the system. Nutrient depletion in soil adversely affects the soil 
quality and reduces crop yield. No tillage with retention of crop residues begins the processes whereby slow 
decomposition of residues results in soil structural improvement and increased recycling and availability of plant 
nutrients. Crop diversification strategy can influence soil organic carbon by changing the quantity and quality 
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of organic matter input and thus has the potential to alter soil aggregation indirectly. Many experts have 
reported a significant impact on nutrient availability in the soil due to tillage, residue management, and crop 
rotation and usually related to the effects of CA on soil carbon. 

 
Crop residue retention one of the key principals of CA to maintain optimum soil health 

3. Higher cation exchange capacity (key to nutrient availability): Cation exchange capacity (CEC) indicates the 
capacity of a soil to hold exchangeable cations. CEC is an inherent soil characteristic and is difficult to alter 
significantly. CA enhances soil organic carbon content in the soil and high organic carbon mean high cation 
exchange capacity in the soil. Organic matter especially humus has maximum cation exchange capacity and in 
long term the CA leads to increased stable soil organic pool and consequently higher CEC of the soil. It has been 
widely reported that exchangeable Ca, Mg, and K were significantly higher in the surface soil under zero tillage. 

Effect on Soil Biological Properties 

The CA practices are influencing the rhizosphere activities significantly. This effect of CA on the soil biological 
property is mainly through its impact on SOC content. Surface residues acting as mulch, moderate soil 
temperatures, reduce evaporation, and improve biological activity. The soil organic matter to a large extent 
regulates the soil organism which in turn influences the soil organic matter dynamics. The soil macro fauna like 
earthworms is vital in soil fertility dynamics as their burrowing activities aid in improvement of soil aeration and 
water infiltration. A significantly higher earthworm population has been observed under no-till soil than under 
ploughed soil. 

Constraints in Adopting CA Systems 

Although significant successful efforts have been made in developing and promoting machinery for seeding of 
various crops in no till system, successful adoption of CA systems will call for greatly accelerated effort in 
developing, standardizing and promoting quality machinery aimed at a range of crop and cropping sequences, 
permanent bed and furrow planting systems, harvesting operations to manage crop residues, etc. Conservation 
agriculture systems imply that the whole range of practices including planting and harvesting, water and 
nutrient management, diseases and pest control etc need to be evolved, evaluated and matched in the context 
of new systems. The other concerns with CA are dependence on chemical for weed management and the 
competition between CA practice and livestock feeding for crop residue. Awareness creation, increased 
investment in research, policies and incentives could help promote CA and the spread of its benefits. It is widely 
documented that CA improves soil health in terms of better soil physical, biological and chemical properties in 
long run. Over all, the CA check, the soil resource degradation, decreasing cost of cultivation and making 
agriculture more resource use efficient, competitive and sustainable. “Conserving resources–enhancing 
productivity” has to be the new mission. 

Conclusion 

CA involves the application of modern agriculture tools to improve production, enables not only the 
maximization of yields but also helps maintain the health and integrity of the agri-ecosystem unlike the 
traditional systems which mainly aim to maximize yields often at the cost of the environment. Expansion of 
conservation agriculture can create a win-win situation. 
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Background 

In recent years the available arable land is limited, and nitrogen fertilizers pollute the environment, cropping 
systems ought to be developed that do not rely on them.  Azolla is an aquatic fern consisting of a short, 
branched, floating stem, bearing roots which hang down in the water and it is a non-symbiotic free-living 
organism.  

 

A SUSTAINABLE FEED FOR 

LIVESTOCK…. 
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A unique character of rapidly growing and fixing of atmospheric nitrogen can show its potential of productivity 
and protein-rich feed source. The Azolla Non-symbiosis is outstanding due to its high productivity combined 
with its ability to fix nitrogen at high rates. 

About Azolla 

Azolla is a small aquatic fern with a branched stem and bilobed leaves. The roots that emerge from the stem 
help the plants to float on water. It is generally found floating on stagnant water. There is a small cavity on the 
uppermost part of the leaf which houses as many as 80,000 blue-green algae can fix atmospheric nitrogen and 
make it available to Azolla. In return, the blue-green algae get shelter and food from Azolla fern and blue-green 
algae. When the plant dies and decays in the soil nitrogen becomes available to plants. 

Selection of Location for the Pond 

It’s better to select an area to ensure regular upkeep and monitoring of the pond. A suitable water source should 
be nearby for steady water supply. The site inner partial shade is ideal or else, and shade has to be created. It 
will minimize the evaporation of water and also, ensures better growth of Azolla. The floor area of the pond 
should be free of pointed stones, roots and thrones that can puncture the sheet. If that happens, the holes in 
the sheet will cause leakage of water. 

Pond Size and Construction 

The size of the pond depends on factors like the number of animals, the quantity of supplemented feed required 
and availability of resources. For smallholders, an area of 12 x 4 feet for Azolla cultivation is sufficient to produce 
about one kg of supplemental feed per day throughout the year. The selected area should be cleaned and 
levelled. The sidewalls of the pond can be of either brick or raise embankment with the excavated soil. After 
spreading the durable plastic sheet (Silpauline, a polythene tarpaulin) in the pond, all the sides have to be 
appropriately secured by placing bricks over the side walls. The sheet should not have any holes or cracks to 
prevent the leakage of water. 

Media Preparation 

Before Azolla culture inoculation, the pond should be filled with good quality water and dissolved the 5 kg of 
cow dung for nitrogen source, 2 kgs of bore well sand or 100 grams of single supper phosphate as a phosphorus 
source and 2 kgs of red sand for the mineral nutrition. 

Release of Azolla Inoculum 

The fresh Azolla inoculum/ seeds were selected from mother culture pond, or purchase from healthy seed 
producers for better productivity. After culture inoculation, the pond should be covered with a net to provide 
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partial shade and also, to debris into the pond. Thin wooden poles or bamboo sticks are to be placed over the 
pond walls to support the shade net. 

  

 

 

Harvesting and Feeding of Azolla 

Depending on the environmental conditions and nutrition, the Azolla growth in the pond will be complete in 
about two to three weeks. It can be harvested daily after full development. Plastics sieves can be used to gather 
the biomass from the surface of the pond. If any litter is noticed in the pond, it should be removed. 
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Farmers Training 

Our KVK conducted a training programme on Azolla cultivation for the benefit of farmers. Though dairy farming 
is a sustainable income generation activity for the farmers, availability of protein-rich green fodder has become 
so difficult in the recent past. When a field survey was recently conducted among the dairy farmers of the 
district, it was found that the level of green fodder production was low and the feeding cost for concentrate 
was high for the milch animals.  

Overcome the farmer's problem, and the farmers were trained by ICAR - Krishi Vigyan Kendra (TANUVAS) 
Scientists. Dr S. Alagudurai, Programme Coordinator, (Agronomy) and Dr D. Thirunavukkarasu, Subject Matter 
Specialist, Animal Husbandry and Extension distributed the inputs Azolla Inoculum to the beneficiaries to be 
grown in their farms. 

Conclusion 

Azolla is a nutritious feed supplement for the livestock. Azolla is an ideal feed for livestock. Suppose you take 
good care of your Azolla pond. You can harvest good quality weed every day, and it reduces your cost-on feed 
and fertilizer application. Azolla as a complete diet for fish show inconclusive results. Adequate consideration 
should be given to the preference of each target fish to particular species of Azolla before they are used as feed. 
Azolla as a complete diet for high-density cage culture may not be economically viable. However, Azolla may be 
useful in low density and low input cage culture. The high rates of decomposition of Azolla make it a suitable 
substrate for enriching the detrital food chain or for microbial processing such as composting, before application 
in ponds. 
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"We come from the earth, we return to the earth, and in between we garden." – Alfred Austin. 

Beekeeping or Apiculture is the commercial production of honey where bees are maintained in man-made hives 
and bred for honey. Beekeeping has been a thriving agro-based industry. These four-winged creatures do what 
no human intelligence or the force of nature can achieve. Their existence makes the world greener and more 
colourful by carrying that little pixie dust (pollen) along, a prime source of protein for bees. Farmers depend on 
these tiny workers to carry out the pollination process. 

In India, we have three indigenous species of honeybee viz., Apis dorsata, A. cerana, A. florea and the stingless 
bee, Tetragonula irridipennis used for beekeeping and honey production. In comparison with the quantity of 
honey produced, a single hive of Apis mellifera produces 20-40 kgs of per colony per year, whereas Apis cerana 
indica produces about 7-10 kgs of honey per year and T. iridipennis produces about 600-700 gms of honey per 
year respectively. Thus, the quantity of honey produced by A. mellifera creates market demand.  

Farmers in India have started patronizing beekeeping in their farms as it is beneficial in pollination and also 
serves as a second income to them.  In 2019, India was at 6th position in honey production. Currently there are 
35 lakh bee colonies in India. The number of bees keeping companies and societies has also incremented and 
as of January 2019, there are 9091 registered people in apiary business. As per the International demand, the 
export rate of honey in India   was 50%. But now it has been increased by 207%. Beekeeping cannot be restricted 
to honey only; products such as royal jelly, bee wax, pollen, propolis and bee venom are also marketable at a 
good price and adds to the farmer’s income. 

Bee Farming in India 

Traditionally, old-fashioned clay pots, wooden logs, hollow cavities of tree trunk or wall hives were used to 
maintain bees. The honey is extracted from the chopped off hives, boiled and filtered using a cloth. However, 
this form of honey obtained is not of the marketable variety and hence sells at a lower rate in the market. 

In modern day beekeeping, farmers use wooden boxes in which the bees are introduced and maintained. These 
wooden boxes are more convenient to extract honey and can easily be transported to other sites. These boxes 
also provide more protection to the bees and their eggs. 

The techniques used to build hives in modern beekeeping are as follows. 
1. Top bar hive method. 
2. Horizontal frame hives. 
3. Vertical stackable frame hive method. 
4. Bee colonies. 

In order to ensure a good produce, the following requirements are a necessary. 
1. Availability of clean water source nearby. 
2. Tree covered area or shade. 
3. Cool atmosphere. 
4. Beekeeping equipment’s. 

Migratory Beekeeping 
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Migratory beekeeping has evolved as a mutual helping system for farmers wherein, colonies maintained within 
their controlled hives are transported across the country. Once the bees reach the farms, they carry about their 
pollination and bring about drastic equilibrium in the ecosystem of that region. Bees are the most effective 
pollinators of crops and natural flora and are reported to pollinate over 70 % of the world’s cultivated crops. 
The western (European) honeybee, Apis Mellifera, is the prime variant of bees extensively used for migratory 
beekeeping in India. Their extensive pollination helps farmers in their harvest of sunflower, safflower, cotton, 
mustard, apples, litchi, rubber, cardamom and many more varieties. Therefore, yield increases which is directly 
proportional to the gross net production of the particular fruit and brings profit for the farmer. It is helpful in 
regions consisting of acres of trees and the pollinators are not enough to deliver the pollens during the blooming 
season.  

Migratory beekeepers confine themselves to a defined geographic region following regional crop cycles and the 
honey flow. The route of transportation usually depends on the availability of floral resources at the respective 
farms. In northern India, the migratory route starts from Uttaranchal, Uttar Pradesh, Haryana, Punjab and 
Rajasthan during October and November. From December to January the colonies are transported to Uttar 
Pradesh and Haryana, followed by Bihar and Uttarakhand from February to March. Further, some of the 
colonies are transported to Punjab and Haryana for Sunflower fields. In southern India, the migratory pathway 
starts from Tamil Nadu to Kerala during January to March. Tamarind flowers here serve as a source for nectar, 
a prime source of carbohydrates for bees, which are in turn pollinated. 

Fixed location/stationary beekeeping, the initial form of apiculture is still prevalent in many regions. But these 
have a blessing of only two crop rotation annually, whereas the transported bees get a chance to exploit a 
diverse flora to obtain nectar, thereby increasing the honey production. 

The Threats Posed by Migratory Beekeeping 

Migratory beekeeping is a lucrative industry with vital benefits to capitalist economy. But these vibrant (bee) 
workers are not granted their due freedom in the process. They are being reared to work for the profit of own. 
These factors have drawn concern to their dwindling population. 
1. Stressed and malnourished: Stress due to travelling for long distances in their hives on the back of trucks. 
Oxidative starvation is one of the primary causes of reducing bee population. The honey or nectar they feed off 
from their hives, at times does not provide the required nutrients for them to sustain the trip. Bees require 
pollen to feed themselves and when traveling they cannot forage for it, which could affect their health 
2. Chances of spreading pests, parasites and pathogens  
3. More chances of exposure of bees to pesticides used in different locations  

The above-mentioned factors lead to colony collapse. 

Another key factor that affects beekeeping is the vulnerability of A. mellifera as compared the local bees A. 
cerana. The European bees find difficulties to cope up with the seasonal changes, leading to a low output of 
honey. The time taken to acclimatize adversely reduces the population of the bees. 

COVID 19 and its Effects on Migratory Beekeeping 

The COVID-19 lockdown had a greater impact on migratory bee keepers, as the movement of vehicles were 
either stopped or narrowed down. The labourers were forced to stay in the quarantine centres. The honey 
production was also comparatively lower than the expected amount. As the interstate travel was called off, the 
traders were not able to deliver the bees to the respective places for pollination process. Usually, honey is 
collected during February to April and not all farms were equipped with adequate storage facilities. So, the 
lockdown period during COVID 19 affected the transportation of the collected honey. This affected the 
livelihood of the people who were dependent on it for their livelihood. 

The Future Prospects for Migratory Beekeeping 
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Government of India has planned to establish an Integrated Bee keeping Development Centre in the 16 states 
of the country. Those will be in Andhra Pradesh, Tamil Nadu, Jammu and Kashmir, Haryana, Uttarakhand, West 
Bengal, Madhya Pradesh, Karnataka, Bihar, Manipur, Tripura, Arunachal Pradesh, Himachal Pradesh, Delhi, 
Punjab, and Uttar Pradesh. According to the recent report of the Indian Government, the large-scale 
employment in the beekeeping sector is estimated to create 3 lakh jobs by setting up 10,000 bee keeping 
colonies. The government has allocated 500 crores for apiculture, to boost beekeeping in India. This financial 
stimulus package can boost bee farming across the country and make this sector more profitable. 

Every Bee Counts 

Beekeeping as an industry can sustain if the farmers are adequately trained to maintain and run farms. In India, 
most of the bee farmers lack knowledge on how to run a bee farm. One common mistake with dire 
consequences is the uncontrolled use of pesticides and insecticides for crops. These preventive measures 
adapted by farmers have adverse effects on these tiny miracle workers. One such scenario was found and 
heavily penalized in Slovenia, a country where 1 in every 200 people is a beekeeper. Farmers were found 
spraying neonicotinoids pesticides, a class of nicotine-like insecticides which resulted in the widespread death 
of bees. Stringent measures had been formulated by the Ministry of Agriculture and the pesticide possessing 
neonicotinoids were banned. This movement had a big impact on the population of the bees in Slovenia and 
the practices were shared to other European Union nations. Another point of concern already discussed above, 
is the drastic climate change. This crisis can only be averted if humans join hands globally to curb global 
warming, ban dangerous pesticides and an end to ecological degradation. The World Bee Day is celebrated 
every year on May 20 to raise awareness about the significance of honey bees and pollinators, problems faced 
by them, and their contribution to sustainable development and to recognize their role in the ecosystem. Bees 
are not dependent on human race for their survival; it is the other way around. 
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What’s Polymer Hydrogel? 

Polymer hydrogels is classified as a Super absorbent polymer, it’s measure visco–elastic, loosely crosslink, and 
hydrophilic three– dimensional networks of versatile polymer chains with unconnected ionic purposeful group 
that may absorb an oversized quantity of water or alternative biological fluids in an exceedingly short time and 
retain them beneath sure conditions and considered as a soil conditioner which hold up to thousand times of 
their existing weight of water and increase crop yield. 

Hydrogel polymer have the ability to absorb water is quite a hundred times its original weight within short 
period of time and desorb the absorbed water under stress condition. 

There are Three Groups of a Polymer as Follow 

1. Starch–polyacrylonitrile graft polymers (starch co–polymers). 
2. Vinyl alcohol–acrylic acid co–polymers (polyvinyl alcohols). 
3. Acrylamide sodium acrylate co–polymers – cross–linked polyacrylamides9. 

Hydrogel Usage in Agriculture 

The existence of water in the soil is vital to various plant kinds and vegetation, the use of hydrogel in the 
agricultural sector is gaining acceptance from scientist, hydrogel provided solutions for the shortage in fresh 
water for agriculture which is to increase soil and water productivity without destroying the environment and 
the natural resources. Polymers hydrogel actually influence soil permeability, density, structure, texture, and 
evaporation and infiltration rates of water through the soils. Hydrogel releases water and nutrient to the plants 
when surrounding soil around root zone of plants starts to dry up, plant growth is mainly a utility of fertilizer 
and water for prolonging the survival of plants under drought conditions,15 scientists targeted at develop new 
tools for increase the efficacy of nutrient relief to the plants, slow release fertilizers considered an actual 
method to decrease fertilizer loss by the effect of rain or irrigation water, supply nutrition for a long time, and 
to minimize amount of fertilizers used16 Granulated nutrients encapsulated by various materials like 
carboxymethyl chitosan hydrogels have been developed, application of hydrogel polymer to the soil improving 
the availability of water in the substrate, enhancement seed germination, increase leaf water content and leaf 
chlorophyll content under arid region conditions.18 Improving root development, plant growth, minimize 
nutrient losses by leaching and contribute to improving soil penetration, decreased the adverse effects of water 
stress after plant transplantation and implement development of seedling’s parameters. 

Polymer hydrogel slow-release acts as carriers of nutrients in the soil and considered as a key approach for 
improving fertilizers efficiency through reducing the nutrient losses by leaching, reducing the cost, and decrease 
pollution for the environment, hydrogels are very useful in agriculture as they can retain water and avoid soil 
erosion. 

Mode of Action for Polymer Hydrogel 
When the hydrogel is mixed with the soil, it forms an associate amorphous gelatin–like mass on hydration and 
is adept of absorption and desorption for an extended time, thus acts as a slow unharness supply of water 
within the soil.  
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The hydrogel particles are also taken as “miniature water reservoir” in the soil and water will be detached from 
these reservoirs upon the root mandate through osmotic pressure difference. Due to the respectable volume 
reduction of the hydrogel as water is released to the plant, hydrogel creates at intervals the soil, free pore 
volume providing further space for air and water infiltration, storage and root growth. 

Water conservation by hydrogel creates a buffered setting being effectiveness in short–run drought tension and 
losses reduction in institution phase. Ability in water consumption and dry matter production square measure 
positive crop reactions to hydrogel, once polymers are mixed into soil, they preserved vast quantities of water 
and nutrients reach up to hundred times of its original weight and conserve regarding ninety–five percent of 
keep water out there for plant absorption, which are released as required by the plant, therefore, plant growth 
was enhanced with limited water supply, however, in rainfall region adding hydrogel polymer to soil implement 
soil infiltration rates. 

 

Hydrogel Application in Agriculture 

Hydrogel polymers play a vital role in agricultural uses as structural materials for creating a climate beneficial 
to plant growth in arid and semi–arid regions; it could use as retaining ingredients in different forms as follow:  
1. Seed additives to support seed germination or seed coatings. 
2. Dipping of seedling roots before establishment. 
3. Immobilizing plant growth substances. 
4. Coating protecting agents (herbicides and pesticides) for slow release. 
5. Polymeric Biocides and Herbicides.  
6. Water – insoluble polymers.  
7. Polymers for soil remediation. 

Effects of Hydrogel on Soil 
Soil moister considered as a restricting factor for crop production in arid and semi–arid regions. The polymer as 
soil conditioners was recognized since the 1950s.  

Agricultural hydrogels can change the different soil properties through various mechanisms like:  
1. Implement water–holding capacity of the soil. 
2. Increasing soil permeability. 
3. Improving water retention on different soil types.  
4. Increase the water use efficiency. 
5. Increase irrigation intervals due to increasing the time to reach a permanent wilting point.  
6. Minimizing soil erosion and water run–off.  
7. Implement soil penetration and infiltration. 
8. Decrease soil compaction tendency. 
9. Improving soil drainage. 
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10. Support crop growth performance under reduced irrigation conditions. 
11. Enhance nutrient retention as a result of solute release from hydrogel polymer particles and delay the 
dissolution of fertilizers. 

Advantages of Hydrogel Polymer in Agriculture 

1. Improve growth and crop productivity of Navel orange sandy soil conditions, increase total yield of wheat, 
improving the growth of palm trees, particularly in sandy soil.  
2. Increasing seedling survive ratio, enhancing root growth under stress conditions.  
3. Increase water-use efficiency and provide a regular supply of water and nutrients to plants,  
4. Increase the soil’s ability to reserve irrigation water for as long as possible, reduce soil erosion and reduces 
desertification of agricultural lands and contribute to sustainable agricultural. 
5. Improve nutrients efficiency, provide water and nutrients for the plant during the dried period, and improve 
the nutritional status of the plant.  
6. Reduce the fertilizers loss by leaching, and protect environmental by reducing soil and water pollution. 

Conclusion 

The application of hydrogel in arid and semi–arid regions improve soil properties, increases the water holding 
capacity of the soil, enhance of the soil water retention, improving irrigation efficiency, increasing the growth 
of various crops, and enhancement water productivity of the crop. It also provides a conducive atmosphere for 
the better growth of roots in well–drained soils and ultimately increases yield. 
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Crabs 

Kingdom Animalia 

Phylum Arthropoda 

Class Crustacea 

Subclass Malacostraca 

Order Decapoda 

Family Cancridae 

Genus Paratelphusa 

Species Hydrodromous 

Interesting Facts About Crabs 

1. There are more than 4.500 species of crabs 
2. Most of the species live in coastal areas of salty, fresh or brackish water. 
3. Crabs are super old. They are believed to show up during the Jurassic period, 200 million years ago. 
4. The Pea Card is the smallest known species. It measures between 0.27 and 0.47 inches long. 
5. The Japanese Spider Crab is the biggest, measuring about 12 feet between in claws. 
6. Crabs have an ‘exoskeleton’ made of chitin. It protects their soft tissue. 
7. Crabs walk and swim sideways. 
8. Crabs eat both meat and plants, making them omnivores. 
9. Pregnancy in female crabs only last one or two weeks. Then they lay between  1,000 and 2,000 eggs. 
10. Groups of crabs living together are known as ‘casts.’ 
11. The average life span of a crab is 3 to 4 years. 
12. Delicious food for many people. 

Damage Symptoms 

1. Crab form a burrow on the sides of the bunds and live within. 
2. The young paddy plants was cut near the ground level and carry them to their burrows for feeding. 
3. They are active during night as they are nocturnal. 
4. They prepare a series of burrow in the paddy fields due to which water is not retained in the field besides 
their crop damaging activity. 
5. Thus, crab is major crustacean pest of paddy crop that requires intensive control. 
6. After first rain, the crab brings along young ones and leaves them in shallow waters of paddy fields. Crabs 
damage the crop more in the initial days of monsoon after transplantation. 
7. They nip off stem near the surface of the ground after 30-35 days of transplanting. Paddy crop grown during 
rainy season (Kharif) is prone to attack by the crabs. Crabs burrow the bund leading to percolation of water. 

Damage Symptoms in Rice Field 

1. The seedlings are cut by crabs at ground level into small bits which are carried to the holes of feeding. 
2. In older plants outer sheaths are cut open and the inner portions are consumed. 
3. Bits of leaves and stems can be seen floating in water in an attacked field. 
4. In badly damaged fields, where from the plants have been cut by crabs, can be noticed in patches. 
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Crab Burrows 

1. Round or elliptical. 
2. Pushes soil surrounding the burrow. 
3. Can be seen in field, bunds and land adjacent to field. 

Identification 

1. Eggs: When first deposited the eggs are bright orange, eventually become yellow, brown, and then dark 
brown before hatching. 
2. Larvae: First stage larvae, called zoeae and next stage is megalopae, measure approximately 0.25 mm wide 
at hatching; development to this stage requires 31-49 days. 
3. Juveniles: The juvenile ‘first crab” is typically 2.5mm wide (from tip to tip). Juveniles gradually migrate in 
shallower, less – saline waters in upper estuaries or paddy field or river, where they grow and mature. 
4. Adult: Sexual maturity is reached after 18-20 post larval molts, at the age of 1-1.5 years. Males continuously 
moult and grow even after they reach sexual maturity, but females cease to moult and grow when they mature 
and mate. Male with thin abdominal flap and female with broad abdominal flap. 

Management 

Cultural: 
1. Collection and removal 
2. Application of FYM at the time of puddling reduces crab damage to a great extent. 
3. Block the mud holes on the farm bunds with mix paste of Silk Cotton (Bombyx ceiba) tree bark, Embella ribes 
fruits and Asafoetida 2 Kg each in 100 lit water for 1 ha. 
4. Crab burrow fumigated with cyanogas dust. 

Chemical: 
1. Prepare a poison bait using: 

a. Acephate 75WP – 75 gm OR 
b. Carbaryl 50 WP – 100gm 

In 1 Kg cooked rice. Some pills are prepared & one pill is to be inserted in each burrow. This mixture is enough 
for 100 burrows. 

Management in Different States 

Sl.no Management State References 

1 Farmers cover and block the crab holes in bunds by the 
powder of Butea monosperma flower commonly known 
as flame of forest, palsh, khakra, modnga and parasa. 
Results are visible within 12 – 24 hours 

Gujarat and 
Karnataka 

Gamil, 1998 

2 Farmers soak seeds of Tamarinda indica commonly 
known in Indian language as imli, tentul, chinch, amli, 
chinta-chette, puli, huli, tentuli and imbli, in water for 
24 hrs and broadcast on hedges and bunds of the field 
to control crab menance. Seed get firmly lodge in crab’s 
mouth and they cracked and ultimately die within a day 
or two. 

Valsad area of 
Gujarat 

Patel, 1994 

3 Poison baits with warfarin @ 0.025% in puffed rice  ixed 
with fried onions and fish can be kept @3gm/hole on 
the bund for three weeks for effective control of rice 
field crab 

Orissa Rath et al, 2006 
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4 Application of Asafoetida (Ferula asafoetida) commonly 
known as hing, ingu, inguva, perunga & hengu @ 
1g/10m2 at 45 days of planting in paddy fields controls 
crab  by emitting strong odour. 

Karnataka Anonymous, 1999 

5 Raw cow dung @ 300 kg/ha is used in standing water  in 
order to control crabs in paddy field  in lowland areas. 
The unbearable smell of cowdung act as a repellent for 
the crab which results in moving/migrating of crabs to 
other places. 

Uttar Pradesh  
and Orissa 

Das et al, 2003 
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Training is a practice in which tree growth is directed into a desired shape and form. Training young fruit trees 
is essential for proper tree development. The goal of tree training is to direct tree growth and minimize cutting. 
The principal object in training is that a young tree is to develop strong framework of scaffold branches, to admit 
more sunlight and air to the centre of the tree and to expose maximum leaf surface to the sunlight., to direct 
the growth of the tree so that various cultural operations, such as spraying and harvesting are performed at the 
lowest cost, to protect the tree from sunburn and wind damage and to secure a balanced distribution of fruit 
bearing parts on the main limbs of the plant. 

 

Pruning is the proper and judicious removal of plant parts such as shoots, spurs, leaves, roots or nipping away 
of terminal parts etc. to correct or maintain tree structure and increase its usefulness. It is done to make the 
plant more productive and bear quality fruits, increase longevity of the tree, make it into manageable shape 
and to get maximum returns from the orchard. Removal of a branch removes not only stored carbohydrates 
but reduces the potential leaf surface as well.  
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It increases fruit size, nitrogen per growing point and stimulates growth near the cut. It is generally done to 
control the size of the plant, to control the form (structural makeup of the plant) which involves number, 
placement, relative size and angle of branches, to improve quality of  fruits by better light distribution, to 
remove diseased, criss-crossed, dried and broken branches, to remove the non-productive parts in order to 
divert the energy into those parts that are capable of bearing fruits, to develop proper proportion of root- shoot 
ratio, to regulate the fruit crop, to decrease chances of insects-pests, diseases and winter injury are less. 

There are number of types of pruning which include Thinning out, heading back, thin wood pruning and  bench 
cut. Thining out includes the entire removal of a shoot from the point of its origin and no re-growth is allowed 
to occur from the cut ends. Heading back refers to the removal of terminal portion of branch/shoot which 
encourages lateral growth from the remaining shoot. Thin wood pruning refers to the removal of slow growing, 
weak, under hanging branches or shoots which are either not fruiting or producing fruits of low quality. Bench 
Cut removes vigorous, upright shoots back to side branches that are relatively flat and outward growing. 

 

Most often pruning is done during the winter and is commonly referred to as dormant pruning. Such pruning 
should begin as late in the winter as possible to avoid winter injury. Pruning goes well with cool weather. 

Pruning is also done during done during summers- referred to as summer pruning. Its severity is much less, less 
common, more specific and selective. Eliminates an energy or food producing portion of the tree and results in 
reduced tree growth. To minimize the potential for winter injury, summer pruning should not be done after the 
end of July. Better illumination of leaves and fruits.  Improved assimilation in centre of trees. Better fruit colour, 
fruit quality and storage. Slower total growth of trees. Less wood production. Less total pruning effort and 
improved work efficiency. Less danger of winter injury. 

Training Systems 

Central Leader System: Main trunk extends from the soil surface to the total height of the tree. Several side 
branches grow at different heights in various directions. Such trees are structurally best suited to bear crop load 
and to resist the damage from strong winds. Trees under this system grow too tall and are less spreading. Tree 
management (spraying, pruning, thinning and harvesting) is difficult. Shading effect on interior canopy. 

Open Centre System: Main trunk is allowed to grow upto 1.0 m by cutting within a year of planting. 3-5 lateral 
branches are allowed to develop from short main stem. Widely used for peaches and is good for mechanical 
harvesting. The trees so trained allow maximum sunshine to reach their branches. Better coloration of fruits on 
the interior side of the tree. Trees are more fruitful and low spreading tree greatly facilitate operations like 
spraying, pruning, thinning and harvesting.   

Such trees are structurally weak, and their limbs are more likely to break with crop load and strong winds. This 
system does not only need severe pruning to start with but also constant effort to maintain its form through 
drastic pruning treatment. 

Modified Leader System: This training system is most acceptable for commercial fruit cultivation. This system 
combines the best qualities of the central leader and open centre systems. A leader develops on the young tree 
until it reaches the height of 2-3 m and then the growth is restricted. Laterals are selected to ascent in a spiral 
fashion up the central trunk and are cut until the proper number and distribution of branches have been 
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obtained. The branches are well distributed, allowing plenty of sunshine to reach the interior of the tree. The 
tree is structurally strong and not prone to limb breakage. 

Owing to limited height of trees, spraying, pruning and harvesting may be done easily. 

 

Systems of Training Dwarf Trees 

Spindle Bush:  modification of the dwarf pyramid or as intermediate between a vertical cordon and a bush form. 
Differs from the dwarf pyramid in that it has no specific arrangement of scaffold branches and from the vertical 
cordon in that the fruit is borne on short branches rather than directly on the main stem or trunk. Most 
important feature of this system is the tying down of lateral shoots in a horizontal position with little or no 
summer pruning. Trained with or without support posts with a central leader straight and with many small 
fruiting branches.  

These branches are bent out and down by spreaders to develop wide crotches and to induce early fruiting. Tree 
spread is controlled by cutting back the shoots to ½ to ¾ of their length or back to weak laterals. 

Dwarf Pyramids: consists of a tree with a central stem about 2.5 m tall from which short branches radiate in 
successive tiers so that a pyramidal shape is build up. Fruiting spurs are developed on the short branches. 
Summer pruning forms an essential part of success with dwarf pyramids.  

Cordons: are single stemmed trees. This form is seldom found in commercial fruit production and has been 
replaced by dwarf pyramids. Cordons are vertical, oblique or horizontal  

Vertical cordons: trees are trained erect and grown to a height of 10-12 feet with the first fruiting wood 
developed at about 30 cm. from the ground Oblique cordons: are trained at the 450 angles. 

 

Palmettes: refers to the shape of a palm leaf, an open fan or an open hand with spread fingers. 

Formed by developing lateral scaffold branches from the trunk beginning at 30 cm from the surface of the 
ground. These laterals are in pairs and are equally balanced in opposite directions. Other scaffolds are in turn 
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vigorously developed but are kept about 30 cm apart. Four groups: Horizontal, Oblique, Candelabra, Fan 
Palmette 

Espaliers: similar to kniffin system of training grapes. - The trellis is 5 feet high with either 2 wires at 3 feet and   
5 feet OR 4 wires at 2,3,4,and 5 feet. 

Hedgerow Plantation: Adapted to mechanical  cultivation. Distance within the rows - close and between the 
rows wide to accommodate machinery and management.  Adapted to compact trees, staked free standing on 
trellised growing north to south. Trees planted fairly close 4 feet in rows, 12 feet apart and grown as small bushy 
trees that develop into a continuous or hedgerow habit.  

Hedgerow plantation can also be developed without support using semi dwarf or semi-standard rootstocks with 
trees 10-15 feet apart in rows 20-30 feet apart. Trees are kept 10 feet in height. 

Meadow or Bed Orchards: In this system, trees are planted at ultra-high densities of 30,000 to 100,000 tree per 
hectare. Trees spaced 30 x 45 cm apart with sprinkler head through which hormones, fertilizers, herbicides, 
pesticides and water may be applied. Cropping is taken every other year up to 20 t/acre but cropping every year 
may be possible by judicious pruning and management. It offers complete mechanization of both pruning and 
harvesting coupled with chemical control of weeds. Limitations: - High cost of establishment - Orchard become 
uneconomical before standard orchards. - Annual production is sacrificed because of removal of fruiting buds 
in alternate years. 

Tatura Trellis system in Peaches: One of the highest yielding systems. System appears to be V shaped. Trees 
are planted about 6 x 1 m apart ( 1668 trees/ha). Bearing starts in the second year. 

Main framework consists of Y shaped leaders which are tied with the wires. 
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Biodiversity is a broad term for biological variety, and it can be measured at a number of organizational levels. 
Traditionally, ecologists have measured biodiversity by taking into account both the number of species and the 
number of individuals of each species (known as relative abundance). However, biologists are using different 
measures of biodiversity, including genetic diversity, to help focus efforts to preserve the biologically and 
technologically important elements of biodiversity. 

Biodiversity Definition 

“Biodiversity is the variation among living organisms from different sources including terrestrial, marine and 
desert ecosystems, and the ecological complexes of which they are a part.” 

What is Biodiversity? 

Biodiversity describes the richness and variety of life on earth. It is the most complex and important feature of 
our planet. Without biodiversity, life would not sustain. The term biodiversity was coined in 1985. It is important 
in natural as well as artificial ecosystems. It deals with nature’s variety, the biosphere. It refers to variabilities 
among plants, animals and microorganism species. Biodiversity includes the number of different organisms and 
their relative frequencies in an ecosystem. It also reflects the organization of organisms at different levels. 

Biodiversity holds ecological and economic significance. It provides us with nourishment, housing, fuel, clothing 
and several other resources. It also extracts monetary benefits through tourism. Therefore, it is very important 
to have a good knowledge of biodiversity for a sustainable livelihood. 

Types of Biodiversity 

There are the following three different types of biodiversity: 
1. Genetic Biodiversity. 
2. Species Biodiversity. 
3. Ecological Biodiversity. 

Species Diversity 

Species diversity refers to the variety of different types of species found in a particular area. It is the biodiversity 
at the most basic level. It includes all the species ranging from plants to different microorganism. No two 
individuals of the same species are exactly similar. For example, humans show a lot of diversity among 
themselves. 

Genetic Diversity 

It refers to the variations among the genetic resources of the organisms. Every individual of a particular species 
differs from each other in their genetic constitution. That is why every human looks different from each other. 
Similarly, there are different varieties in the same species of rice, wheat, maize, barley, etc. 

Ecological Diversity 

An ecosystem is a collection of living and non-living organisms and their interaction with each other. Ecological 
biodiversity refers to the variations in the plant and animal species living together and connected by food chains 
and food webs. 



 

 
Volume 3 - Issue 01 - January 2021       25 | P a g e  
 

It is the diversity observed among the different ecosystems in a region. Diversity in different ecosystems like 
deserts, rainforests, mangroves, etc., include ecological diversity. 

Importance of Biodiversity 

Biodiversity and its maintenance are very important for sustaining life on earth. Few of the reasons explaining 
the importance of biodiversity are: 
1. Ecological Stability: Every species has a specific role in an ecosystem. They capture and store energy and also 
produce and decompose organic matter. The ecosystem supports the services without which humans cannot 
survive. A diverse ecosystem is more productive and can withstand environmental stress. 

2. Economic Importance: Biodiversity is a reservoir of resources for the manufacture of food, cosmetic products 
and pharmaceuticals. 

Crops livestock, fishery, and forests are a rich source of food. Wild plants such as Cinchona and Foxglove plant 
are used for medicinal purposes. Wood, fibres, perfumes, lubricants, rubber, resins, poison and cork are all 
derived from different plant species. 

The national parks and sanctuaries are a source of tourism. They are a source of beauty and joy for many people. 

3. Ethical Importance: All the species have a right to exist. Humans should not cause their voluntary extinction. 
Biodiversity preserves different cultures and spiritual heritage. Therefore, it is very important to conserve 
biodiversity. 

Biodiversity in India 

India is one of the most diverse nations in the world. It ranks ninth in terms of plant species richness. Two of 
the world’s 25 biodiversity hotspots are found in India. It is the origin of important crop species such as pigeon 
pea, eggplant, cucumber, cotton and sesame. India is also a centre of various domesticated species such as 
millets, cereals, legumes, vegetables, medicinal and aromatic crops, etc. 

India is equally diverse in its faunal wealth. There are about 91000 animal species found here. 

However, diversity is depleting at a drastic rate and various programmes on biodiversity conservation are being 
launched to conserve nature. 
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Abstract 

Rice (Oryza sativa), the staple food for providing livelihood and food security to many people of the world. India 
is a major producer and exporter of rice in the world and it produces around 152.60 MT of rice per year. After 
harvesting of cereal crops, agricultural waste or crop residue as straw are left behind. Latest implements and 
technologies have reduced the dependency of animal and hence feed requirement. As a result, farmers see the 
burning of crop residue as a way to dispose these crop residues. Burning of these residues leads to the losses in 
soil organic matter, soil nutrients, production and productivity, air quality, ecosystem. Crop residues properly 
returned to the soil in the form of mulching, compost etc can enhance soil quality and productivity. 

Keywords: Crop residue, Compost, Mulching, Soil productivity. 

Introduction 

Crop residue is defined as the vegetative crop material left on the field after a crop is harvested, pruned or 
processed. Straw is a by-product containing dry stalks of cereal plants after the grain and chaff have been 
separated. It makes up about half of the yield of cereal crops such as rice, wheat, barley, rye and oats. Straw 
contains significant amounts of potassium and some amount of nitrogen, phosphorus, sulphur and magnesium. 
Potassium concentration of straw ranges from 0.75% to 2.86%. It mainly contains alkaloids, flavonoids, lignins, 
phenols, and steroids. One ton of rice straw constitutes about 5-8 Kg N, 0.7-1.2Kg P, 12-17 kg K, 0.5-1kg S, 3-4 
K Ca, 1-3Kg Mg and 40-70Kg Si (Dobermann and Witt, 2000). Taking farmers view into account, burning is not 
only a cost-effective method but it helps in soil borne pathogens. The short-term effects of burning seem to be 
more desirable than those from soil incorporation due to the immobilization of inorganic nitrogen which occurs 
in the latter and can negatively affect productivity in the short term (Singh and Singh,2001). Also, it helps to 
reduce diseases that may occur due to reinfection from inoculum in the straw biomass (Haysa et al.,2005). 

Burning of Crop Residues 

Residue burning facilitates timely planting of the following crops and it clears the land before the next crop. It 
reduces the number of soils borne deleterious pests and pathogens. But on the other hand, it causes 
significantly air pollution by releasing of CO₂, CH₄, N₂O etc, kills beneficial soil microbes and insects leads to the 
loss of soil organic matter, soil fertility, soil nutrients etc. So, proper management of rice straw is important. 
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Different Implements for Management of Straw 

1. Happy seeder: Happy Seeder can plant the wheat seed without getting jammed by the rice straw. The Happy 
Seeder is a tractor-mounted machine that cuts and lifts rice straw, sows’ wheat into the bare soil, and deposits 
the straw over the sown area as mulch. Farmers on an average can save upto Rs. 1,000/ha by cultivating plots 
with Happy Seeder. Currently, the Happy Seeder machine costs about Rs. 1.3 lakh with a subsidy of 33% 

2. Turbo seeder: Turbo-Seeder can place high rates of cover crops and small grains such as oats, wheat, rice and 
barley. It leads to uniform sowing and very less loss of seeds occurs during sowing. Turbo-Seeder offers a cost 
effective, highly productive method. Price of the machine about 7 lakh rupees. 

3. Round baler machine: A baler is a machine used to compress straw into bales for easy transport and storage. 
It compresses the straw into compact 25-30 kg rectangular/round bundles. It takes 35-40 minutes to cover an 
acre giving 25-27 q of straw. 

Rice Straw can be Utilized by the Following Methods 

Physical Method: Rice straw can be managed successfully in–situ by allowing sufficient time (10-20days) 
between its incorporation and sowing of wheat crop to avoid nitrogen deficiency due to immobilization of 
nitrogen (Yadvinder et al.,2005). The practice of in-situ rice straw incorporation as an alternate to burning has 
been adopted by only a few farmers because of high incorporating expenses, energy and time consuming. Rice 
straw mulch increased wheat grain yield, decreased crop water use by 3-11% and improved water use efficiency 
by 25% in comparison to no mulch (Chakraborty et al.,2010). Use of agricultural residues for biogas generation 
is also gaining popularity in countries like India and China. Straw and other crop residues can also be used to 
produce biochar through burning organic with no or extremely low levels of oxygen. The reduced level of oxygen 
during burning results in reduced chances of carbon from the burning straw. Biochar has the capacity to improve 
soil productivity. 

Chemical and Biological method: Chemicals like are alkaline, acidic or oxidative agents are used to improve the 
utilization capacity of the rice straw. Alkali agents like sodium hydroxide (NaoH), ammonia (NH3) and urea are 
widely used. These alkali agents make the structural fibres swollen by geeting absorbed in the cells. Rice straw 
has enough content of cellulose and hemicelluloses for being utilized for bioethanol production. Compost can 
also be prepared using rice straw. During composting rice straw, P using indigenous cheap source of low-grade 
rock phosphates can be added to make it value added compost with 1.5% N, 2.3% P2O5 and 2.5% K2O (Sidhu 
and Beri, 2005). 

PUSA Decomposers: The decomposers are in the form of capsules made by extracting fungi strains that help 
the paddy straw to decompose at a much faster rate than usual. It involves a liquid formulation using 
decomposer capsules and fermenting it over 8-10 days and then spraying the mixture on fields with crop stubble 
to ensure speedy bio-decomposition of the stubble. The farmers can prepare 25 litres of the liquid mixture with 
4 capsules, jaggery and chickpea flour. The mixture is sufficient to cover 1 hectare of land. It takes around 20 
days for the degradation process to be completed. Under usual circumstances, shredded and watered paddy 
straw, which is mixed with soil, takes at least 45 days to decompose. It does not give enough time for farmers 
to prepare fields for the wheat crop on time. The decomposer improves the fertility and productivity of the soil 
as the stubble works as manure and compost for the crops and lesser fertiliser consumption is required in the 
future. 

Conclusion 

Straw mulch with different tillage practices records higher yields in both maize and wheat crop than no mulch 
and soil mulch. Sowing of wheat with turbo seeder in loose straw with anchored stubbles (45 cm height) results 
in higher net returns and B-C ratio. Application of FYM along with straw incorporation which maintains soil 
structural indices and increases the wheat yield compared to other treatments. Crop residue incorporation 
improve physical, chemical and biological properties of soil. In long-tem incorporation of crop residue increased 
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the productivity. Overall, incorporation of crop residues appears to be a better management option. 
Incorporation should be done at least 10 days and preferably 30 days before the establishment of succeeding 
crop. 
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Introduction 

Since the commercialization of the first genetically modified (GM) crops in 1994, agricultural biotechnology has 
delivered several GM plants with improved agronomic traits, such as food functionality, resistance to biotic and 
abiotic stress factors, decreased allergenicity, etc. Opponents of genetically modified organisms (GMO) often 
use emotional or obsolete arguments based sometimes on questionable scientific data and experiments to ban 
GM products from the market. At the same time, many proponents of genetic modification are alleged to be 
associated, directly or indirectly with companies involved in the production of transgenic crop cultivars or are 
personally too much involved in transgenic research to give an unbiased scientific opinion on this issue. So many 
plant biologists are now working on plastid biology to give general outline about the possible role plastid 
engineering to find out the better play in improving food quantity and quality in the future. Organellar genome 
engineering technology seems to be especially promising for GM crops because it can further extend their 
cultivation as plastids are not transmitted via the pollen in most crops those results in natural gene containment 
and elimination of positional effects due to targeted homologous recombination. Plastid transformation is 
achieved through a multistep process, in which several chloroplast transformations vectors such as 
heterologous or species-specific were used. Plastid genome engineering has opened the door to a new era in 
biotechnology and used for the development of resistance to herbicides, abiotic, biotics stresses and for 
production of biopharmaceuticals. 

Four Major “Technical” Steps to Modify the Plastid Genome 

1. Delivery of Transgenes into the double envelope membrane of the plastid by biolistic DNA delivery or 
polyethyleneglycol treatment. 
2. Stable insertion of the foreign DNA into the plastid genome via site-specific recombination. 
3. Selective enrichment of transferred DNA within plastids and of transformed plastids in cells to reach the high-
copy homoplasmic state. 
4. Regeneration of homoplasmic cells carrying the transgene. 

Genetic Transformation of Plastids 

Residue burning facilitates timely planting of the following crops and it clears the land before the next crop. It 
reduces the number of soils borne deleterious pests and pathogens. But on the other hand, it causes 
significantly air pollution by releasing of CO₂, CH₄, N₂O etc, kills beneficial soil microbes and insects leads to the 
loss of soil organic matter, soil fertility, soil nutrients etc. So, proper management of rice straw is important. 

Different Implements for Management of Straw 

Transfer of Transgen into the plastids can be carried out by a number of alternative methods, two of which are 
currently available and generally used to stably introduce foreign DNA into plastids such as Biolistic approach, 
i.e., bombardment of tissues with a particle gun or treatment of protoplasts with polyethylene glycol (PEG). 
Stable insertion of foreign DNA into plastids is obtained using E coli transformation vectors contain a selectable 
marker gene and usually also one or several transgenes of interest, which are introduced to the plastid genome 
at a carefully chosen specific insertion site by two homologous recombination events of flanking sequences. 
Even though several selection markers and protocols have been developed, aadA encoding aminoglycoside3″-
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adenylyl transferase gene and conferring spectinomycin and streptomycin resistance to bacteria by 
detoxification are the most frequent used vector because they require low expression levels to confer 
phenotypic resistance. After transformation, he transformed plastid DNA copies have to be maintained, while 
the plastids carrying non transformed DNA have to be gradually eliminated on a selective medium to obtain 
new and genetically uniform transplastomic crops.  Selective amplification of the transgenic DNA copies and 
elimination of the non-transformed ones first with in the highly polyploid plastids, then in the plant cells, 
followed by subsequent identification and amplification of these so-called homoplasmic cells, and especially 
the reproducible regeneration protocol of genetically uniform and fertile plants containing a uniform population 
of transformed plastid genomes from these cells (and/or tissue cultures) represent the major bottlenecks for 
the extension of plastid transformation technology to new crops. 

 
Figure A. Schematic representation of Plastid genome engineering in crop plant to develop transplastomic 

plants. 

Several Potential Advantages of Plastids Genetic Engineering Over Nuclear Transgenic 
Technologies Includes 

1. Absence of gene silencing, epigenetic, and/or position effects, which eliminates the high variation in gene 
expression and thus in protein accumulation levels among independent transgenic lines. 
2. High protein expression levels due to very high plastid DNA copy number per chloroplasts/cells/organ 
resulting in the accumulation of large amounts of the transgene’s product in the chloroplast/ cell/organ. 
3. Multigene engineering (including cDNAs instead of full genes) through the use of transgene stacking in 
operons in a single transformation event also possible. 
4. Complete absence of pleiotropic effects due to subcellular compartmentalization of the transgene products.  
5. Significantly increases transgene containment because plastids are maternally inherited in most crops, and 
therefore, the transgenes are not transmitted by pollen and out crossing with weeds and other plants is not 
possible. 
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Abstract 

Indigenous Technical Knowledge (ITK) has immense potential for innovation. India is a country of  indigenous 
communities, most of which have their own set of unique traditional knowledge and technology base. The 
population of India is growing rapidly and demand for food is also increasing. ITK is the sum total knowledge 
and practices which are based on people’s accumulated experiences in dealing with situations and problems in 
various aspects of life and such knowledge and practices are special to a particular culture. Many of these 
knowledge and technologies are at par with the modern knowledge and technology system and have been 
provided the indigenous communities with comfort and self-sufficiency. These traditional knowledge and 
technologies can play a significant role in the overall socio-economic development of the communities. It has 
been observed that there is an instant need to document and preserve the Indigenous Technical Knowledge 
(ITK) of different communities, many of which are at the brink of extinction. There is a lack of proper alliance 
between the practice of indigenous and modern knowledge. There are serious issues related to intellectual 
property rights. An appropriate association between the traditional and modern knowledge and technology 
systems has immense potential to benefit the society. These ITKs are able to maintain the agricultural 
sustainability as well as food and nutritional security. 

Keywords: Agricultural sustainability, Intellectual Property Rights, Nutritional security. 

Introduction 

The Indigenous Technical Knowledge (ITK) is regarded as the information gained over a period of time passed 
on from generation to generation by the word of mouth. Local or indigenous knowledge refers to the cumulative 
and complex bodies of knowledge, know-how, practices and representations that are maintained and 
developed by local communities, who have long histories of interaction with the natural environment. Such 
knowledge is collectively owned, developed over several generations and subject to adaptation, and imbedded 
in a community’s way of life as means of survival. ITK is the information base for a society, which facilitates 
communication and decision making. The advent of the concept of sustainable agriculture in late eighties in 
Indian agricultural scenario has evoked interest on indigenous technical knowledge (ITK) that has the element 
of use of natural products to solve the problems pertaining to agriculture and allied activities. It is ‘local’, as it 
is rooted in particular community and situated within broader cultural traditions; it is a set of experiences 
generated by people living in those communities. Therefore, separating the technical from the non-technical, 
the rational from the non-rational could be problematic. Therefore, when transferred to other places, there is 
a potential risk of dislocating indigenous technical knowledge. 

Role of ITKs in Sustainable Agriculture 

Depletion of natural resource base due to deforestation, over grazing, desertification, excessive agricultural 
intensification, over fishing and agriculture on marginal lands leads to decline in agricultural production 
potential leading to decrease in the sustaining / carrying capacity of agriculture. Natural resources (soil, water, 
nutrients) have boundaries and improved management is needed to reverse the degradation of this resource 
base and develop agricultural production systems that sustain our ecosystem. Thus, sustainable agriculture 
involving sustenance of our agricultural systems should be the major emphasis for all technological innovations 
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involving land and water use so that there is no adverse effect on the biological productivity of the resource 
base in the long run. Sustainable agriculture is the sustainable exploitation of renewable natural resources 
including annual and perennial cropping, agro-forestry and livestock as well as the conservation measures 
needed for long term maintenance of resources. The traditional practices have been classical examples of non-
exploitative and non- polluting methods of natural resources leading to sustainable agriculture as presented 
below. 

Water Management 

Many farmers in India traditionally adopted water harvesting measures such as farm ponds, check dams, 
shallow wells dug in depressions to collect rain water, diversion channels (khuls), brick lined tank, channels 
constructed through hilly rivers (pynes), tank cascades, Bandhara, Khadin, Nalla check, Pat system, Phad system, 
Chauka system and Haveli system etc. The age-old well-maintained water supply system of Sindhu Valley 
civilization, Grand Anicut system in 2nd century A.D. by Chola kings, huge tanks that were developed in Deccan 
during medieval times are serving people even today for their needs of irrigation, drinking water and 
aquaculture. 

Soil Conservation 

Traditional farmers have found ways of improving soil structure, water holding capacity, nutrient and water 
availability without the use of artificial inputs. Their systems are sophisticated forms of ecological agriculture 
fine-tuned to the specific environmental conditions. 

Khus (Vetiver grass) as vegetative barrier for soil conservation in the dry lands and vulnerable areas where rills 
would have formed otherwise and to protect waste-weirs and stabilize drop structures. When the waste-weirs 
and drop structures are to be treated, clumps of Khus are placed at appropriate locations. Even in plain fields 
farmers grew khus to mark boundary lines. As a perennial fodder it was able to give 3-4 cuts at 45-day interval. 

Nutrient Management 

1. Bilb Rasyan: Half kg dry Bilb powder or 5kg fresh Bilb dissolve in 20 liter water and then add 1kg jaggery. 
After one month, add this prepared solution to roots. This will increase potassium in the soil. 
2. Gaajar Ghaas Svaras: Add 2kg Gaajar Ghaas Svaras in 20 lt water then add 20 gm powdered fitkari (Alum). 
After 15 days, filter and spray in 1acre land. This will increase Nitrogen in the soil. 
3. Phusp Rasayan: Add 2kg flowers in 2 litre cow urine and add 2lt water. After 7days, spray in 1acre land. This 
will increase Boron in the soil. 
4. Calcium Aark: Add 150 dm dry turmeric clots in 100 gm calcium water, add 50 ml milk. After 4 days take 
turmeric clots and dry. Then add 1gm turmeric powder/lt water and spray in plants for Calcium. This will provide 
Calcium to the plants. 
5. Harad Rasayan: Add 2 kg Harad in 10 lt water then add 20 gm fitkari. After 6 days, filter and spray this solution 
after every 15 days interval. This will increase Iron in the soil. 

Disease Control 
1. A mixture of ash (2-3 kg) and 1 liter of castor oil is spread on a seed bed of a size of about 100 m2. The 
application is repeated 2-3 times at intervals of 7-10 days. This provides protection against soil borne diseases 
in tobacco nurseries.  
2. A mixture of 2 kg of turmeric powder and 8 kg wood ash is used as dust over leaves for treatment against 
powdery mildew.  
3. Ginger powder at 20 gm/lit of water and sprayed thrice at interval of 15 days can also effectively check the 
incidence of powdery mildew and other fungal diseases.  
4. Handful of slaked lime applied at the base of tomato plant can combat damping off disease.  
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5. Cattle and goat urine have fungicidal properties. Two cups of cattle urine with 5ml peppermint oil and 10 lit 
of water can be used to control fungal diseases on grapes. 
6. Vacha (Acorus calamus) powder and cow urine are mixed in the water that has been boiled and cooled 
overnight and the seeds are soaked in the solution. The floating seeds are removed. The remaining seeds are 
used for sowing. This serves the dual purpose of seed selection and treatment of seed borne disease.  
7. Before transplanting of pearl millet, seedling tips are clipped to remove the eggs of pests and white flies and 
to control tip blight disease.  
8. To control groundnut ring mosaic, dried sorghum or coconut leaves are powdered and boiled in water to 60o 
C for one hour, filtered, diluted and sprayed for two times at 10 and 20 days after sowing.  
9. Spraying the leaf extract of Prosopis juliflora, two months after planting to control leaf spot, powdery mildew 
and fruit rot in chillies. 

Pest Management 

1. 'T' shaped bamboo stands are placed in many places in the paddy fields so that birds can sit on them and feed 
on the larvae and adults of rice pests.  
2. 7kg rice bran + 1.5 kg jaggery or molasses + 1.5 lit kerosene are mixed thoroughly and placed in plastic glasses 
in the BPH affected paddy crop. It helps in repelling the BPH population completely for 1-acre area. 
3. Dusting Chula ash in pearl millet fields to control green leaf hoppers sitting on inner side of leaves in millets.  
4. Dusting ash at milking stage to control ear head bugs in sorghum. Spray the decoction of tobacco waste to 
control sucking pests and cater pillars in red gram. Dry the red gram seeds well and store them in gunny bags 
after placing dried leaves of 'Naithulasi' (Ocimum canum) inside them to prevent pod borer attack.  
5. Cowpea grown as an intercrop in groundnut fields acts as a trap crop to control red hairy cater pillar. Spray 
lime solution to control leaf roller. 
6. Neem oil solution 4% or neem kernel extract 6% is sprayed to control rust disease in groundnut.  
7. Neem kernels or neem cake are powdered, soaked in water overnight and the filtrate is diluted and sprayed 
to control early shoot borer in sugarcane.  
8. Mixing and grinding well neem cake with Aloe vera and soaking in water for 10 days, after which spraying the 
filtrate to control thrips in brinjal. 

Indigenous Grain Storage Structures 

Agriculture plays the most vital role in Indian economy. However, the storage loss of the agricultural products 
i.e., food grains is a major concern in most of the agricultural countries, including India. The farmers of most of 
the agricultural countries have to struggle hard to protect their grains from various conditions causing damages 
to them. Nevertheless, in many parts of the country, the farmers practice indigenous storage techniques 
possessing excellent storage structures. These structures are eco-friendly, cheaper and locally available and do 
not cause any health hazards. The indigenous storage structures are described below. 

1. Kulumai: Kulumai is an indoor grain storage structure. It is an imperative indigenous storage structure for 
storing various food grains, especially paddy grains (Oryza sativa). It is indigenously fabricated with a poultice 
made up of tank silt, rice bran and paddy straw. It protects the grains from pests and diseases and even from 
rats and rodents. Paddy grains stored in the structure will have a keeping quality for about 3 years without much 
deterioration in quality. 

2. Underground Grain Storage Pit: This is a multipurpose and low-cost structure for grain storage. The pit is dug 
beneath the ground usually either in the front yard or backyard of the house, with square, rectangular or circular 
shape. These pits are mainly used for storing the millets like sorghum, pearl millet, finger millet and other minor 
millets. Before filling the grains, bran or other crop wastes are spread at the bottom of the pit. Then its inner 
wall is lined with the dried stalks of sorghum or pearl millet. After lining, pit is filled with grains and covered 
with rectangular stone blocks. The structure is again covered with gunny clothes and finally with dry sand to 
avoid moisture. Grains are usually stored in these underground pits for about 3-5 months. 
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Some Other Uses of ITKs 

1. Fisheries: 
a. Salting followed by sun drying is effective method of fish preservation 
b. Immediately after dressing and cutting fish into pieces, mustard oil, salt and turmeric powder are 
rubbed to prevent spoilage. 
c. Banana stems are put in the ponds after harvest, to make water alkaline, to increase fish growth. 
d. Glue made from tamarind bark is used for strengthening fishing nets. 
e. Cow dung slurry is used to control the Euglena bloom. 
f. Supernatant of the cow dung slurry is used as disinfectant for the preparation of dry fish. 
g. Ray fish oil is used for painting boats for leak proofing. 
h. Cashew shell oil, coal tar and sardine oil are used for preservation of boats and nets. 
i. Saw dust and ice are used for fish preservation and live transport. 
j. Coracle is a saucer shaped country craft. It was one of the major fishing craft used in fisheries of 
peninsular India. Apart from being simple and inexpensive, coracle was durable and suitable for all types 
of waters. 
k. Lantern net It is a cone shaped net. Kerosene gas pressure lamp with incandescent mantle is used to 
attract the fishes. Fish gets trapped inside the conical net tied with the hoop and caught. The process 
takes less time and effort. 

2. Animal Husbandry: 
a. Spices of mango pickles (afara) and neem leaves are fed to animals to cure bloat. 
b. A bandage with jowar, kerosene and yellow soil is applied for Foot and Mouth disease in cattle 
c. Leaves of “Dikkamani”(Gardenia resinifera) and seeds of “Bendval”(Dendrophthoe falcata) plant are 
pounded and the mixture is fed to animal to cure the constipation within a day. 
d. To cure swelling of udder caused due to Mastitis, bites of poisonous insects or mechanical injury or 
improper milking, 200 grams of soil from the termite mounds is collected and boiled in water, and the 
boiled suspension is given to animal give relief within a day. This is very effective in summer, not so 
effective in monsoon season. 
e. Flatulence caused due to excessive grazing or feeding of green fodder which is common during the 
monsoon, can be cured by giving whey milk, onion and leaves of custard apple to the animal. 
For the animal suffering from gastric trouble, 10 grams of Hing (asaphoetida) is dissolved in 500 grams 
of edible oil and given to have a carminative and smoothening action. 
f. For de-worming the young calves, a small quantity of curd or buttermilk is kept overnight in a copper 
container overnight to get a blue-green colour, diluted and given. The effect is seen from the 
next day. 
g. To treat FMD affected animals, the hooves and mouth are washed with warm salt solution, and the 
mixture of leather ash and Sesame oil or groundnut oil is applied to affected area. 
h. Neem leaves and turmeric powder is used as a paste on external injuries to cure the wounds and 
other skin disorders. 

Conclusion 

The Indigenous Technical Knowledge (ITK) is socially desirable, economically affordable, sustainable, involves 
minimum risk and focus on efficient utilization of eco-friendly resources. Indigenous technical knowledge plays 
an essential role in sustainable grassroots innovations. Such grassroots innovation largely differs across 
different sectors with respect to the characteristics, sources, actors involved etc.  However, it is possible that 
through flexibility, modification and mutual respect and trust, traditional knowledge experts can and may work 
with the experts from modern scientific institutions to generate more effective solutions for contemporary 
problems. In today’s context, there is an urgent need to evaluate and popularize indigenous innovation. 
Government schemes and Research and Development activities should reach indigenous innovators. Therefore, 
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the need of the day is to establish a foundation at the national level that helps in building national register of 
innovations, file applications for patents, provides micro-venture capital support for enterprises based on 
indigenous knowledge and non-material incentives such as recognizing or honoring innovators and community 
holding indigenous knowledge. An appropriate coalition between the traditional and modern knowledge and 
technology systems has immense potential to provide food security. 
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Introduction 

Bacopa monnieri Linn. Is Known as ‘Brahmi’ in Hindi and water hyssop in English is a perennial, creeping herb 
with small leaves, white or purple flowers belonging to family Schrophulariaceae. It is found in warm wetlands 
and native to India and Australia and also found growing in United States and East Asia. It has been used as 
medicinal herb in Ayurveda since time immemorial. It is used for treatment of epilepsy, asthma, ulcers and 
tumours Ramawat (2004). Bacopa monnieri (L.) Pennell is a glabrous, succulent, small, prostrate or creeping 
annual herb, found throughout India in wetlands and damp places. Stem is thin, green or purplish green, about 
1-2 mm thick, 10-30 cm long, soft nodes and internodes are prominent, glabrous and taste slightly bitter. Leaves 
are simple, opposite decussate, green, sessile, 0.6-2.5 cm long, 3-8 mm broad, obvate-oblong and taste slightly 
bitter. Flowers are small, axillary and solitary, pedicels 6-30 mm long, bracteoles shorter than pedicels. Fruits 
are capsules upto 5 mm long, ovoid and glabrous. Root is thin, wiry, small, branched and creamish-yellow in 
color. 

   
Bacopa Monnieri  plant Flower Root 

Scientific Classification 

Kingdom – Plantae. 
Order – Lamiales. 
Family - Plantaginaceae (or Scrophulariaceae). 
Genus - Bacopa. 
Species - B. monnieri. 
Binomial name - Bacopa monnieri (L.) Pennell. 

Chemical Constituents 

The main nootropic constituents of Bacopa monnieri are believed to be dammarane types of triterpenoid 
saponins known as bacosides, with jujubogenin or pseudo-jujubogenin moieties as aglycone units. Bacosides 
comprise a family of 12 known analogs. Novel saponins called bacopasides I–XII have been identified more 
recently. The alkaloids brahmine, nicotine, and herpestine have been catalogued, along with D-mannitol, 
apigenin, hersaponin, monnierasides I–III, cucurbitacins and plantainoside B. The constituent most studied has 
been bacoside A, which was found to be a blend of bacoside A3, bacopacide II, bacopasaponin C, and a 
jujubogenin isomer of bacosaponin C. These assays have been conducted using whole plant extract, and 
bacoside concentrations may vary depending upon the part from which they are extracted. 
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Pharmacology 

1. Central nervous system effects: Bacopa monnieri enhances memory. Improvement in spatial learning 
performance and enhanced memory retention in neonatal rat treated with an extract of Bacopa monnieri was 
observed. It was observed that the animals treated with oral administration of B. monnieri (100 and 200 mg/kg) 
show significant protection against AlCl3-induced memory impairment. Further, the neuroprotective effect of B. 
monnieri (100 and 200 mg/kg) was significantly improved when supplemented with rivastigmine (5 mg/kg).  

Role of Bacopa monnieri as a cognitive enhancer and use of Bacopa monnieri in polyherbal preparation for 
improving cognitive and behavioral outcome on child and adolescent have been suggested (Ramadas et al., 
2016). 

2. Anti-cancer Activity: Cancer remains as one of the most common causes of mortality worldwide. Cancer 
chemoprevention by natural products is well accepted nowadays. Phytosterols are natural products, showing 
anticancer activity, besides other activities. Stigmasterol, a phytosterol isolated from aerial parts of Bacopa 
monnieri show anticancer activity against ehrlich ascites carcinoma (EAC) in Swiss albino mice. Stigmasterol 
decreased tumor volume, packed cell volume and viable cell count, and increased mean survival time thereby 
increasing the life span of EAC tumor-bearing mice. The antitumor activity of stigmasterol might be mediated 
through the activation of protein phosphatase 2A by ceramide causing apoptosis. Cytotoxic activity of ethanolic 
and dichloromethane (DCM) extract of Bacopa monnieri against MCF-7, and MDA-MB 231 cell line have been 
observed. Cytotoxic activity in DCM fraction in both the cell lines may be due to the presence of cucurbitacins 
and betulinic acid in DCM fraction. 

3. Antidepressant: Bacosides A and B, bacopasides I and II and bacopasaponin C and the extract of Bacopa 
monniera exhibited antidepressant activity, while bacopaside VII did not have any antidepressant activity when 
tested on forced swimming and tail-suspension models in experimental animals. 

4. Antimicrobial effects: Methanol extracts were found to be the most potent antimicrobial agent in 
comparison to other extracts. Aqueous extracts showed no activity against any of the microorganisms. Hexane 
and petroleum ether extracts showed similar antimicrobial activity but less significant in comparison to 
methanol extracts. The MIC of the methanol extracts was found to be the lowest against E.coli, Salmonella 
typhimurium, Staphylococcus aureus and Saccharomyces cerevisae. Methanolic extract (1mg/ml) of callus of 
Bacopa monnieri shows good activity against Staphylococcus aureus, Salmonella typhi and E. coli and maximum 
activity was observed against Staphylococcus aureus. No activity was observed against K. Pneumoniae. Ether 
extract of Bacopa monnieri showed antimicrobial activity against four bacteria and one fungus, Salmonella 
typhi, Pseudomonas aeruginos, Staphylococcus aureus, Vibrio cholera and Candida albicans. 
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Introduction 

Mosquitoes are known as the carrier of many viral diseases, posing threat to approximately half of the world’s 
population and about 700,000 deaths every year (WHO, 2009; Andrew and Roberto, 2017). Diseases 
transmitted by mosquitoes include Zika, dengue, chikungunya, yellow fever and many more (Table 1). 
Genetically modified mosquitoes are often referred to as transgenic mosquitoes which have been developed to 
suppress the spread of infectious diseases without the use of potentially harmful chemicals. These transgenic 
mosquitoes are incorporated with a foreign gene that is not originally present or naturally occurring in the 
insect. It consists of a self-limiting gene that disrupts the normal processes of mosquitos’ progenies which will 
not survive adulthood. These genetically modified mosquitoes will be released into the wild to mate with the 
wild population where their offspring’s inability to grow to adulthood would lower the population of 
mosquitoes. The application of bacteria Wolbachia in reducing the dengue fever is also another form of GMO 
mosquito. The above-mentioned bacteria when incorporated into the mosquito will stop the virus from 
replicating inside the mosquito, making it impossible for the virus to pass on to humans. Wolbachia 
incorporated mosquitoes will then mate with the wild population, producing progenies that are not able to 
carry and transmit dengue. GMM technology is being brought into practice globally. In Brazil, OX513A strain of 
Aedes aegypti, developed by Oxitec, is currently being used to combat various mosquito transmitted diseases. 
In Florida, the release of genetically modified male mosquitoes, Aedes aegypti named as OX5034 (by Oxitec) 
has been approved to reduce the local populations. 

Table 1. List of mosquito-borne diseases: 

Mosquito spp. Disease caused Type of pathogen 

Aedes Chikungunya 
Dengue 
Lymphatic filariasis 
Rift Valley fever 
Yellow Fever 
Zika 

Virus 
Virus 
Parasite 
Virus 
Virus 
Virus 

Anopheles Lymphatic filariasis 
Malaria 

Parasite 
Parasite 

Culex Japanese encephalitis 
Lymphatic filariasis 
West Nile fever 

Virus 
Parasite 
Virus 

Approaches to Develop GMM 

Genetically modified mosquitoes (GMM) are being designed using two approaches: 
1. Population suppression method 
2. Population manipulation method  

Population suppression method relies on the principle of reducing the number of vector mosquitoes in the 
target area using sterile insect techniques (SIT). Contrary to this, the population manipulation method uses gene 
drive system to target the vector competence of the mosquito population with the aim of reducing the inherent 
ability to transmit the disease. 
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Fig 1.  Approaches to develop genetically modified mosquitoes (WHO, 2009) 

How GMM Suppress the Disease Transmission? 

1. Mosquito unable to locate the blood source. 
2. Female infertility. 
3. Production of male progenies. 
4. Disrupts the life cycle. 

Benefits 

1. Lowers the population of mosquitoes carrying diseases. 
2. Field-testing of the GMM has not found any significant impact on humans. 
3. Using GMM will eliminate the use of pesticides.  
4. Easy to implement and requires less manpower. 
5. Specific and has the ability to function in areas that are difficult to target with conventional control methods. 
6. Can be used in integrated approaches for vector control. 
7. Only areas where humans are present need to be sprayed, which reduces insecticide impact. 

Concerns 

1. It may carry or develop unknown pathogens that may cause concern to public health. 
2. Genetically modified mosquitoes may mutate into a stronger mosquito that can reproduce and further pose 
a new threat. 
3. Ecological risks including the risk of disruption of food chain. 

Summary 

Today, genetically modified mosquitoes are being considered as an innovative approach in controlling the 
transmission of various mosquito-borne diseases. They are more beneficial over conventional methods, are 
specific and compatible with most of the vector management programs. Scientists are concerned that it might 
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lead to uncertain ecosystem interactions. However, GMM has broad future applications in controlling mosquito 
vectors but more work is required to assess its effectiveness and associated risks. 
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Introduction 

The system for rice intensification (S.R.I) was developed by French Priest Father “Henri de Laulani” in 
Madagascar in the 1980’s in an effort to find sustainable agricultural practices which lead to higher productivity, 
optimum use of capital and labor, less input cost and less requirement of water. System of rice intensification 
(S.R.I) is an acronym that is defined as system for rice intensification”. he System of Rice Intensification (SRI) is 
a way of harmonizing the elements of soil, water, light and plant to allow the plant to achieve its fullest 
potential, which is often hidden when inappropriate techniques are used (Zotoglo, 2011). 

However, unlike other rice-growing nations, India had a rather delayed start in SRI. T. M. Thiyagarajan of the 
Tamil Nadu Agricultural University, Coimbatore was the lone Indian representative at the 2002 international 
conference on SRI. He first heard about SRI in 2000 from Dr. Ten Berge of Wageningen’s Plant Research 
International and was interested in the soil aeration aspect of SRI, and its water-saving potential. The ‘modified’ 
SRI practice that was evaluated by TNAU used three of the SRI principles (single seeding, wider spacing and use 
of weeder) but it used water and fertilizer in excess of normal SRI recommendations. The results indicated 
considerable water saving through modified SRI and a reduction of seed costs, but no significant increase in 
yields (Thiyagarajan, 2002). 

Key Elements of SIR 

Laulanie established the following six key elements (Fig 1) of SRI  (Uphoff,  2007): 
1. Young seedlings between 8-12 days old (2-3 leaf stage) are transplanted to preserve potential for tillering and 
rooting ability. 
2. Careful planting of single seedlings rather than in clumps that are often plunged in the soil. 
3. plants  are  spaced wider  apart  instead  of  close,  dense  planting,  with  seed  rates  of  50-100  kg/ha, plants  
were  set  out  carefully  and  gently  in  a  square  pattern,  25x25cm  or  wider  if  the  soil  is  very good; the 
seed rate is reduced by 80-90%, netting farmers as much as 90 - 95 kg of rice per hectare. 
4. Use of cono-weeder/ rotary hoe/power weeder to aerate the soil as well as controlling weeds. 
5. Alternate wetting and dry method rather than continuous flooding in the field. 
6. Use of organic manure or vermicompost/FYM. 

Fig:1 SRI Hexagon 
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SRI in Contrast to Conventional Methods 

A comparison of the conventionally-recommended practices with SRI will show how SRI practices are 
completely different from what farmers have been advised to do (Table 1). The extent of differences can vary 
with different regions. 

Table: 1 SRI vs. conventional methods of rice cultivation: 

Practice Commonly recommended 
methods 

Farmers’ practice SRI methods 

Seed rate (kg ha-1) 20 50-75 5-7.5 

Seedling age (days) 25- 30 25-40 8-14 

Plant spacing (cm) 15x10 / 20x10 Usually, random. 25x25 planting (square 
planting) 

Number hills m-1 50-66 Varying 16 

Number of seedlings hill-2 2-3 3-6 or more Single 

Water management Irrigate to 5 cm depth one 
day after disappearance 
of previously ponded 
water 
 

Continuous flooding 
to various depths 
 

Only moist conditions with 
shallow flooding 

Weed management Hand weeding twice, 
at 15 and 35 days after 
planting, or application 
of herbicide plus one 
hand weeding. 

2 -3 times hand 
Weeding herbicide 
also used by 
farmers. 

Weeds are turned back 
into the field by some 
mechanical hand weeder 

Intercultivation No No Weeder is used 3-4 times 
in between rows in both 
directions (perpendicular) 

Nutrient management Integrated nutrient 
management using 
organic manures, bio-
fertilizers, and chemical 
fertilizers at 
recommended levels and 
timing 

Use all 
recommended 
manures and 
fertilizers, but doses 
and timing vary 
according to 
farmers’ resources 

Emphasis on more 
application of organic 
manures 

Note: There may be more variations in the recommended and farmers’ practices across the country. Only an 
example of farmer practices is given here. 

Benefits of SRI 
1. Higher yields - Both grain and straw. 
2. Reduced duration (by 10 days). 
3. Lesser chemical inputs. 
4. Less water requirement. 
5. Less chaffy grain %. 
6. Grain weight increased without change in grain size. 
7. Higher head rice recovery. 
8. Withstand cyclonic gales. 
9. Cold tolerance. 
10. Soil health improves through biological activity. 
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Disadvantages 

1. Higher labour costs in the initial years. 
2. Difficulties in acquiring the necessary skills. 
3. Not suitable when no irrigation source available. 
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Among sucking insects, Cicadellids are the second most important vectors of plant viruses. About 73-77 (38 
viruses, 31 MLOs, 4 Spiroplasmas and 4 RLO’s) plant diseases are known to be transmitted by 131 leaf hopper 
species and total number of viruses known now to be transmitted by leaf hoppers is 44. The first plant virus 
shown to be insect-transmitted was Rice dwarf virus, a phytoreovirus transmitted by a leafhopper (Fukushi 
1934). The first plant hopper transmission of a plant virus was reported by Kunkel (1922) that Peregrinus maidis 
was the vector of maize mosaic virus. 

All leaf hoppers which feed on crops having piercing and sucking type of mouthparts which consists of 2 pairs 
of stylets, a labium, a large slender rigid organ with a deeply concave anterior surface forming the channel of 
beak, a labrum, mandibles and maxillae. The two pairs of stylets form a compact bundle or fasicle which studies 
in the groove of labium and constitutes the piercing organ. 

The leaf hopper is more robust than any other insect vector as they penetrate the tissue much rapid deeper 
and cause more damage to cells. The virus they transmit cause yellowing and leaf rolling. They mainly transmit 
isometric, Gemini and bacilliform virus. 

Leafhoppers can feed actively in the xylem and in the mesophyll, as well as in the phloem (Wayadande, 1990). 

Semi Persistent Transmission or Foregut Borne 

Three plant viruses are known to be transmitted in a semi-persistent manner by leafhoppers. Two are waika 
viruses, Maize Chlorotic Dwarf Virus (MCDV) and Rice Tungro Spherical Virus (RTSV). and one a badnavirus, Rice 
Tungro Bacilliform Virus (RTBV), These three viruses are located mainly in phloem tissues of their host plants, 
although RTBV has also been found in xylem. 

Maize Chlorotic Dwarf Virus - Graminella nigrifrons. 
Rice Tungro Spherical Virus - Nephotettic virescens. 

Leaf hopper can acquire MCDV from infected plants or inoculate it on healthy plant in 15 min (Choudhury and 
Rosenkranz, 1983), whereas it requires 30 min to acquire or inoculate RTSV (Inoue and Hirao, 1981). However, 
longer acquisition and inoculation access periods increase transmission efficiency for both viruses (Nault et al., 
1973; Ling and Tiongco, 1979). 

Both sexes of the adult leafhoppers as well as nymphs can transmit these viruses, but inoculative is lost upon 
moulting (Ling and Tiongco, 1979; Choudhury and Rosenkranz, 1983). 

Persistent Circulative Transmission 

Eleven geminiviruses including Mastrevirus and Curtovirus are persistently transmitted in a circulative (non-
propagative) manner by cicadellid leafhoppers. 

Only one Geminivirus i.e., Tomato Pseudo Curly Top Virus is transmitted in this manner by membracid Tree 
hopper. 

Maize Streak Virus - Cicadulina mbila 
Beet Curly Top Virus - Circulifer tenellus 
Tomato Pseudo Curly Top Virus - Micrutalis malleifera 
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MSV transmission is transtadial, i.e., nymphs retain virus after moulting, but apparently is not transovarial i.e., 
virus is not passed from adult females to their progeny through egg.  

Both adults and nymphs are efficient vectors of TPCTV, and the nymphs retain virus after moulting. 

Persistent Propagative Transmission 

At least 41 plant viruses, belonging to virus groups i.e., Marafivirus, Rhabdovirus, Reovirus and Tenuivirus are 
transmitted either by leafhoppers or planthoppers in a persistent propagative manner. Propagative viruses are 
those that have been proven to multiply in their vectors. 

Marafivirus 

Maize Rayado Fino Virus - Dalbulus maidis. 

Marafiviruses were proven to multiply in their vectors but transovarial transmission of these viruses has not 
been reported (Banttari and Zeyen, 1976). 

Rhabdovirus 

Maize Fine Streak Virus - Graminella nigrifrons. 
Rice Transitory Yellowing Virus - Nephotettix cinticeps. 
Maize Mosaic Virus - Peregrinus maidis (PH). 

Seven plant Rhabdoviruses are transmitted by cicadellid leafhoppers and 11 are transmitted by delphacid 
planthoppers. 

Reovirus 

Rice Dwarf Virus - Nephotettix virescens. 
Maize Rough Dwarf Virus - Delphacodes kuschelli. 
Rice Ragged Stunt Virus - Nilaparvata lugens. 

Three plant reoviruses of the genus Phytoreovirus are transmitted by cicadellid leafhoppers and ten viruses of 
the genus Fijivirus are transmitted by delphacid planthoppers. 

Tenuivirus 

Rice Stripe Virus - Laudelphax striatellus 
Rice Hoja Blanca Virus - Tagosodes orizicolus (PH) 

All Tenuivirus are transmitted by one or more species of Plant Hopper in the circulative propagative manner 
(Agrios, 2005). Transovarial transmission to a large proportion of the progeny of the vector (21-100%) has been 
reported for most tenuiviruses (Falk and Tsai, 1998; Nault and Ammar, 1989). 

Circulative, Propagative and Transavorial 
Potato Yellow Dwarf Virus - Agallia constricta (Rhabdovirus). 
Wound Tumour Virus - Agallia constricta (Reovirus). 
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Introduction 

Vetiver (Vetiveria zizanoides) belongs to the grass family such as maize, sorghum, sugarcane, and lemongrass. 
It is a dense bunch grass which can be easily established in both humid and arid, tropical and temperate climates 
of the world. It is one of the existing plants having the unique attributes of multiple uses. It is environmentally 
friendly, effective and simple to grow. The vetiver plant is insensitive to photoperiod and grows and flowers 
year-round where temperatures permit. It is best suited to open sunlight and will not establish easily under 
shady conditions. 

Vetiver System 

The Vetiver System (VS), which is based on the application of vetiver grass - a perennial grass of Indian origin, 
was first developed by the World Bank for soil and water conservation in the mid-1980s. It plays a vital role in 
watershed management, soil erosion control, recharging ground water, reducing siltation of drainage systems 
and water bodies, reducing agro-chemicals loading into water bodies and for rehabilitation of degraded soils. 
This is suitable for all types of soil. 

Characteristics of Vetiver Grass 

Morphological Characteristics: Vetiver grass does not produce above or underground runners. The plant has a 
strong and massive root system. The depth of root structure provides the plant with great tolerance to drought, 
permits excellent infiltration of soil moisture and penetrates through compacted soil layers (hard pans). Above 
ground, the shoots can grow to two meters and when planted close together it forms a solid vegetative barrier 
that retards water flow and filters and traps sediment in runoff water. Growth occurs from the crown, which 
rises relative to soil build-up. It is also highly resistant to pests, diseases, fire and heavy grazing pressure (Truong 
and Loch 2004).  

Physiological Characteristics: Vetiver is tolerant to extreme climatic variations such as prolonged drought, 
flood, submergence and temperature levels ranging from -20ºC to 55ºC. Vetiver has been found to thrive under 
rainfall ranging from 300 mm to 6000 mm per annum. Ability to regrow rapidly after being affected by drought, 
frost, fire, saline and other adverse conditions when the adverse effects are removed. Adaptability to a wide 
range of soil types (pH 3.0 to 10.5). It is highly tolerant to growing media that are high in acidity, alkalinity, 
salinity, sodicity and magnesium (Truong et al. 2003). It is highly tolerant to Al, Mn, As, Cd, Cr, Ni, Pb, Hg, Se and 
Zn in the soil (Truong and Baker 1998). 

The Roots of Vetiver 

Vetiver has the ability to produce huge spongy mass of roots. Vetiver works so well for erosion control because 
it produces a massive root system that grows straight down rather than out from the plant. The horizontal 
expansion of the vetiver root system is limited up to only 50cm. The root system is vertical in nature descending 
2-3 meters in the first year, ultimately reaching some five meters under tropical conditions. On an average one 
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hectare of vetiver plantation yields 3 - 4 tons of roots. The roots are numerous, strong, and fibrous and tap into 
soil moisture far below the reach of most crops. It creates a sort of curtain beneath the soil, trapping sediment 
and slowing down the movement of water. Because the grass grows down instead of outward, it does not 
become invasive. The roots are very deep, so it’s best to decide carefully where to plant it because it is very 
hard to dig up. 

 
Figure 1. Vetiver Root System 

Slope Stabilization 

Vetiver is very effective when planted closely in rows on the contour of slopes. Contour lines of Vetiver can 
stabilize natural slopes, cut slopes and filled embankments. Its deep, rigorous root system helps to stabilize the 
slopes structurally while its shoots disperse surface run-off, reduce erosion, and trap sediments to facilitate the 
growth of native species. Donjadee and Tingsanchali (2013) reported that the vetiver hedgerows reduced runoff 
volume and soil loss by 31–69 and 62–86 %, respectively compared to the case without vetiver hedgerow in a 
study conducted at Nakon Pathom province, Thailand. To protect the highland landscapes from heavy soil 
erosion and landslips in Tyford tea estate region in Idukki district, vetiver system was used and found to be 
successful in preventing the soil erosion and land slip problem in the observed portion of the tea plantation 
(Josephet al., 2017). Vetiver hedges also prevented the entry of weeds. 

Riverbank Protection 

Riverbank erosion mitigation using Vetiver grass has been a recent development in the country. Growing in 
dense hedges, Vetiver grass provides a deep interlocking fibrous root system that penetrates up to depths of 3 
m providing good anchorage. It binds the soil and prevents its movement by increasing the soil shear strength 
and aiding slope stabilisation. The hedges above ground trap sediments and reduce the flow velocity of the 
excess run-of occurring from rainstorms. Mondal and Patel (2020) conducted a study on the effectiveness of 
Vetiver grass in mitigating riverbank erosion at rural West Bengal, India and concluded that the vetiver grass 
system was a suitable bioengineering solution for combating eroding riverbanks. Its ability to withstand climatic 
extremes, cost-effectiveness, self-resilience and non-invasive nature of vetiver grass made it a vital 
consideration in developing nations for riverbank protection. 

Salinity Management 

Salinity is a major challenge threatening agricultural production especially in semi-arid regions of the world with 
respect to crop. It is the amount of dissolved salt content of a soil or water body. When planted on saline soils, 
vetiver grass can effectively absorb plant available elements that contribute to soil salinity, thereby 
rehabilitating these soils. Doanet al. (2015) reported that growth of vetiver affected by the level of sea water 
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salinity showed that vetiver grass was capable of growing in sea water salinity ranging 0-11%. Vetiver grass 
could cope with saline soils and the rehabilitation of salt-affected lands. 

Bioremediation 

Heavy metal contamination commonly results from human activities which has become a serious environmental 
problem today. Vetiver is highly tolerant to elevated levels of heavy metals such as arsenic, cadmium, copper, 
chromium, lead, mercury, nickel, selenium and zinc. An investigation showed that the ability of vetiver grass to 
uptake heavy metals from industrial wastewater was in the order Fe>Mn>Zn>Cu>Pband the heavy metal 
concentration was more in roots than in shoots (Roongtanakiatet al., 2007). 

Controlling Vetiver 

Vetiver has a very strong rooting system. It is difficult to kill by fire, grazing, drought, or other natural force. 
However, if necessary, it can be eliminated by slicing off the crown. Because the crown is close to the surface, 
it can be cut off fairly easily with a shovel or tractor blade. Also, although the plant is resistant to most 
herbicides, it succumbs to those based on glyphosate. 

Conclusion 

Vetiver grass is one of the best soils and water conservation bioengineering tool and also has several other 
societal applications such as in oil production, as cattle feed, as an anti-termite insecticide, and as ornamentals. 
It is also a traditional medicine; an ingredient in curry; the roots are woven into various articles such as baskets 
and coarse mats and screens which are fragrant when wet and used in air coolers. It acts as a potential trap 
crop for the stem borer (Chilopartellus). The multiple benefits of vetiversystem include disaster risk 
management, ecosystem management and social development sectors. 
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Introduction 

In recent days the demands for medicinal crops are increasing due to their ease of cultivation. Senna is an 
important medicinal crop that is being commonly cultivated for its economic parts of leaves and pods. It is also 
known as Swarnapatri in Sanskrit and Nilavarai in Tamil. Worldwide about 25 senna species found having 
laxative properties in its leaves and pods. Out of the genus senna, Cassia angustifolia (Indian senna) and Cassia 
acutifolia (Alexandrian senna) are dominant in different pharmacology industries due to their large availability 
and laxative activity. Cassia angustifolia (Family: Caesalpiniaceae), is common in India and known as Tinnevelly 
senna. The active components of senna extracts are anthraquinone derivatives and their glucosides (dianthone 
glycosides, sennosides A and B) which are responsible for their strong laxative properties. Due the ease of 
cultivation and high price for the leaves, farmers are attracted towards large scale cultivation of Senna. 

Distribution 

Cassia Angustifolia is a small herb and can grow up 3-6 feet in height. The most dominantly grown and studied 
species are Cassia angustifolia (Indian or Tinnevelly senna) and Cassia acutifolia (Alexandrian senna). Out of 
which, C. Angustifolia is found growing in India. Alexandrian senna is distributed over Sudan, Africa, Somalia, 
Southern Arabia, Yemen and Ethiopia. In India, Tinnevelly Senna (C. angustifolia) is cultivated in Andhra Pradesh 
and Karnataka, Maharashtra, Gujarat, Rajasthan and dry coastal districts of Tamil Nadu in Thoothukudi, 
Tirunelveli, Ramanathpuram and Madurai. 

Soil and Climate 

Senna is a rainfed crop which thrives well under both irrigated and rainfed condition. It can establish well on a 
variety of soil but the most suitable soils are sandy loam to loamy sand as they are more friable and well drained. 
The suitable soil pH range for senna cultivation is 7.0-8.5. 

Varieties 

In India, KKM (Se) 1, ALFT-2, CIM-Sona varieties are used for senna cultivation. KKM (Se) 1 is suitable for rainfed 
conditions in coastal dry districts of Tamil Nadu. ALFT2 is predominantly grown variety in India for commercial 
purposes as it has higher foliage yielding capacity. CIM-Sona is suitable for the Sharon plains of North India and 
developed by CIMAP. 

Sowing and Irrigation 

Pulverization of the field is required before sowing to get fine tilth. Sowing is done in February- March or June-
July. The seed rate required is 15 - 20 kg ha-1. Application of Benzene hexachloride (10%) or aldrin (5%) at 25 
kg ha-1 is recommended during land preparation to protect the young seedlings from the attack of white ants 
and worms. The seed is sown or drilled in rows 30-45 cm apart. After germination, the crop is thinned to 
maintain the space between plants. In majority of areas, senna is grown without irrigation or with limited 
irrigation facilities or under rainfed condition as it does not require much irrigation. 
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Insect Pests and Disease Management 

Spraying of Carbandazim (0.03%) or Dithiocarbamate (0.037%) three times at fortnightly intervals is 
recommended to control Leafspot caused by Alternaria alternata and leaf blight caused by Phyllosticta spp. 
Seed treatment with Thiram or Captan (2.5 g/kg. seed) before sowing is advocated to control damping off of 
seedlings. 

Harvesting 

The plants start flowering 60 days after sowing. Under irrigated condition, the harvesting is done at 90 DAS, 120 
DAS and 150 DAS. Whereas, for rainfed crops, after 4 months of sowing, the whole plant is uprooted. For 
commercial production, the pods are harvested little earlier to their maturity to maintain its green colour. But 
for seed production, the pods are allowed to mature and attain brown colour to have high germination 
percentages. 

  
Senna (Cassia angustifolia) Senna Pods 

Medicinal Properties 

The medicinal action of senna is attributed to the anthraquinone glycosides compounds present in their leaves 
and pods called Sennosides which is approved by World Health Organisation (WHO). It is one of the most 
commonly used purgatives, especially in the case of habitual constipation.  

Due to its purgative property, it is used for the disease of abdominal worm infestation, rheumatoid arthritis, 
gout. The paste of senna leaves along with vinegar used for skin diseases. It is also used for irritable bowel 
syndrome, haemorrhoids, weight loss and as anti-bacterial. The intake of excess senna without prescription 
may lead to diarrhoea, nausea, abdominal cramps, hypokalemia and features of dehydration. 

Mode of Action 

Its leaves stimulate the nerves in the walls of the large intestines. This can cause contractions in the intestine. 
These contractions might be accompanied by fluids and electrolyte disturbance. This, ultimately, increases the 
speed of stools, reduces inflammation, and relieves chronic constipation (Atal and Kapoor, 1982). 

Nutrient Management 

Generally, the cultivation of senna doesn’t require much fertilizers and manures which can grow by utilizing the 
residual nutrients of previous crops and soil available nutrients. Even though, some studies proved that the 
application of fertilizers showed satisfactory progress by ensuring high biomass production of leaves and seeds 
for commercial purposes. 

The general recommendation of 10 t of FYM and 40:40:40 kg ha-1 NPK under irrigated condition found optimum 
for harvesting good seed and leaf yields (Sastry et al., 2007). Foliar and split application of N advocated achieving 
high sennoside contents under irrigated condition. For rainfed crops, the application of fertilizers should 
coincide with the occurrence of rainfall. In terms of biomass production, the farmers advocated for the 
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application of balanced fertilizers is recommended. Whereas, the farmers who want to fetch high price in the 
market, it is advisable to grow the crop organically as in the International market, the preference for organically 
grown senna is high. 
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Introduction 

Every one of us is affected to some extent by changes in food prices, which are essential for survival. Agricultural 
commodity prices are more volatile and is an ongoing concern. Policymakers as well as all the stakeholders 
along the food supply chain have an interest in the question of agricultural price volatility and need to better 
understand the expected future evolution (Matthews, 2010). Food price volatility creates unpredictability in the 
market and poses fundamental food security risks for consumers and governments. Volatility also discourages 
needed investment in agriculture for development due to increased financial risks and uncertainty for producers 
and traders. In the poorest countries, where people spend almost two-thirds of their income on food. Hence, 
rising prices of agricultural commodities are threat to growth and social stability. 

Price Volatility 

Volatility, in a purely descriptive sense refers to variations in economic variables over time. Not all price 
variations are problematic, such as when prices move along a smooth and well-established trend reflecting 
market fundamentals or when they exhibit a typical and well-known seasonal pattern. But variation in prices 
become problematic when price variations are large and cannot be anticipated and creating a level of 
uncertainty with increased risks to producers, traders, consumers and governments and leading to sub-optimal 
decisions. Variations in prices that do not reflect market fundamentals are also problematic as they can lead to 
incorrect decisions (Anonymous, 2011). 

Price Volatility in India 

In India, the food prices rose during the food crisis of 2007-08, but the evidence of price volatility is mixed. India, 
though, is food self-sufficient, food security concern still looms large. Price volatility can have strong 
implications for food security policies such as public distribution system and minimum support price or 
procurement price that serve as safety nets for producers as well as consumers (Mittal et al., 2018). Some 
factors which contribute to the high price and price volatility are climate change, geography of production, 
economic shocks, policy responses and energy markets. 

The impact of high and volatile food prices on consumers is clearly negative but what about the impact on 
agricultural producers and exporters? In principle, higher prices should be good news for them. The rents arising 
from higher prices should not be taxed by government. They should provide incentives and financial assistance 
for increased investment and a positive supply response. However, in practice the incentives and a positive 
supply response may not materialize. Input prices, especially for oil-based fertilizers, can increase faster than 
output prices leaving producers no better off. Supply-side constraints such as transport and storage limitations 
or lack of access to inputs and credit can prevent producers capitalizing on higher prices. For poor food 
producers, price volatility means uncertainty and increased risk that deter the investments essential to 
increasing food production and reducing vulnerability. 

The view that speculation has impacted on recent price volatility has led to increasing pressure for the 
introduction of greater regulation to limit this speculation. However, the question of how much and what form 
of regulation is also controversial. Since commodity futures have become an integral part of food markets and 
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perform an important role for many market participants, there is a concern that regulation should improve, not 
ban, speculative trading in order to improve market performance (Mittal et al.2018). 

A fundamental issue when analysing trade policy reform in global agricultural markets is the extent to which 
domestic agricultural commodity markets in developing countries respond to changes in international prices. 
Price transmission studies are an empirical exercise testing the predictions of economic theory and providing 
important insights as to how changes in one market are transmitted to another, thus reflecting the extent of 
market integration, as well as the extent to which markets function efficiently. A fundamental issue when 
analysing trade policy reform in global agricultural markets is the extent to which domestic agricultural 
commodity markets in developing countries respond to changes in international prices. Price transmission from 
the World market to domestic markets is central in understanding the extent of the integration of economic 
agents into the market process. Some of the factors affecting price transmission are transaction costs, market 
power, increasing returns to scale, product homogeneity and differentiation. 

Price Transmission 

Price transmission analysis uses price data to measure various aspects of the relationship between the prices in 
the two markets. The absence of market integration or of complete pass-through of price changes from one 
market to another has important implications for economic welfare. Incomplete price transmission arising 
either due to trade and other policies, or due to transaction costs such as poor transport and communication 
infrastructure, results in a reduction in the price information available to economic agents and consequently 
may lead to decisions that contribute to inefficient outcomes. 

The definition for price transmission encompasses the case of perfect market integration, the inherent dynamic 
market relationships that arise due to inertia or discontinuities in trade, as well as non-linearities that may arise 
due to policies and other distortions in arbitrage. A number of time series techniques can be used to test each 
of the components of price transmission and thus ultimately assess the extent of price transmission like  
Augmented Dukey-Fuller(ADF) test-Co-integration-Causality-Error correction mechanism and Symmetry. 

Conclusion 

Agricultural price volatility is primarily caused by supply shocks. The extent of the volatility is determined by the 
variances of these shocks and by the elasticity coefficients of the supply and demand functions. Those who 
claim that price volatility will be higher over a long period must believe either that shock variances have 
increased or elasticity coefficients of demand and supply functions have declined. Despite these complexities, 
the many studies recommend that the commodity exchanges established both at national and regional level 
should continue the trading in commodities that has registered low volatility. For the rest of commodity prices 
which are highly volatile, the actual economic reasons for the persistence of volatility have to be probed and 
argued coherently. Although price transmission analysis helps us to know the transmission of prices from 
market to other and it is a useful tool for understanding and predicting price trend, it only tells us about the 
relationship between two prices over time. It does not tell us why the price transmission is strong or weak, fast 
or slow. 
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Doubling farmer’s real income by 2022 is a goal established by the Hon’ble Prime Minister of India who is 
challenging the status quo of all involved stakeholders. Productivity and production increases in agriculture 
alone will not ensure doubling farmers’ income. Meeting market demands requires a shift in mindset from 
“Farm to fork/plate” to “Fork to Farm”. Secondly, market- intelligence must be made available to producers 
using innovative partnerships and communication technologies. Lastly, the changing climate has increased 
vulnerability of 137 million small farm holders. New innovations to collectively benefit small farm holders 
through a holistic value chain by adopting science-led, climate resilient and market responsive development 
has to be our “New Mantra” to benefit farmers. 

Why Double Farmers' Income? 

Past strategy for development of the agriculture sector in India has focused primarily on raising agricultural 
output and improving food security. The net result has been a 45 percent increase in per person food 
production, which has made India not only food self-sufficient at aggregate level, but also a net food exporting 
country. The strategy did not explicitly recognize the need to raise farmers' income and did not mention any 
direct measure to promote farmers welfare. Low level of absolute income as well as large and deteriorating 
disparity between income of a farmer and non-agricultural worker constitute an important reason for the 
emergence of agrarian distress in the country during 1990s, which turned quite serious in some years. The 
country also witnessed a sharp increase in the number of farmers suicides during 1995 to 2004 - losses from 
farming, shocks in farm income and low farm income are identified as the important factors for this. The low 
and highly fluctuating farm income is causing detrimental effect on the interest in farming and farm investments 
and is also forcing more and more cultivators, particularly younger age group, to leave farming. This can cause 
serious adverse effect on the future of agriculture in the country. 

The concept and Timeframe 

Clarity on the following points is important to assess the possibility of doubling the income of the farmers. The 
substantive points are: 
1. What is the period and targeted year for doubling the farm income. 
2. What is to be doubled, is it output, value added or income earned by farmers from agricultural activities. 
3. Whether nominal income is to be doubled or real income is to be doubled. 
4. Whether the targeted income includes only income derived from agricultural activities or would it also include 
income of farmers from other sources. 

Sources of Growth in Farmers' Income 

Doubling real income of farmers till 2022-23 over the base year of 2015-16, requires annual growth of 10.41 
percent in farmer’s income. This implies that the on-going and previously achieved rate of growth in farm 
income has to be sharply accelerated. Therefore, strong measures will be needed to harness all possible sources 
of growth in farmers' income within as well as outside agriculture sector. 

The Major Sources of Growth Operating within Agriculture Sector are 

1. Improvement in productivity. 
2. Resource use efficiency or saving in cost of production. 
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3. Increase in cropping intensity. 
4. Diversification towards high value crops. 

The Sources Outside Agriculture Include 

1. Shifting cultivators from farm to non-farm occupations. 
2. Improvement in terms of trade for farmers or real prices received by farmers. 

Strategy for Improving Farmers' Income 

The sources of growth in output and income can be put in four categories: 
1. Development initiatives including infrastructure. 
2. Technology. 
3. Policies. 
4. Institutional mechanisms. 

Roadmap and Action Plan 

The quantitative framework for doubling farmer’s income has identified seven sources of growth. These are: 
1. Increase in productivity of crops. 
2. Increase in production of livestock. 
3. Improvement in efficiency of input use (cost saving). 
4. Increase in crop intensity. 
5. Diversification towards high value crops. 
6. Improved price realization by farmers. 
7. Shift of cultivators to non-farm jobs. 

Strategies for Doubling Income 

Income is the most relevant measure to assess the farmers' welfare and agriculture transformation. Even today, 
the highest returns on investment on per unit basis are from agriculture. What is lacking is the scale unlike 
corporate investment. Certainly, returns from cultivation alone will not help to achieve the set target of DFI. It 
has to be supplemented, in fact to a larger extent by livestock and other non-farm activities supported with 
policy intervention at all levels. 

Science & Technology 

1. Adoption of improved varieties/breeds/strains for additional income. 
2. e-Grid of all weather stations for providing location specific weather information. 
3. Nutrients sale based on Soil health card programme. 
4. Adoption of micro irrigation system to improve the water use efficiency. 

Extension 

1. Bridging the gaps between achievable (FLD) and potential yields. 
2. More number of effective cluster demonstrations to bridge the information gap.  
3. Village adoption to transfer the technologies developed by the research organizations. 
4. Upscaling and out scaling of technologies through field days, exhibition and other activities. 

Policies 

1. Rationalizing the subsidy on energy use.  
2. Enrolling a greater number of marginal and small holders under crop insurance scheme.  
3. Integrating all central and state subsidies in agriculture. 
4. Formation of Crop Planning Department at national and state level. 
5. Additional investment on agricultural R&D to pave path for innovation.   
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6. Setting up more organic food certification agencies.  
7. Policy for setting up of FPO for block level seed production.   
8. Integrated land-use policy particularly for water. 
9. Breaking of crop monotony and focus on diversification. 

Institutions 

1. Setting up of Agribusiness Centres at district level. 
2. Transparency and simplified procedures in electronic trading.  
3. Developing comprehensive framework for community / corporate farming.  
4. More emphasis on e-learning in regional languages.  
5. Value chain development for primary commodities. 

Conclusion 

The low level of farmer’s income and year to year fluctuations in it are a major source of agrarian distress. This 
distress is spreading and getting severe over time impacting almost half of the population of the country that is 
dependent on farming for livelihood. Persistent low level of farmer’s income can also cause serious adverse 
effect on the future of agriculture in the country. To secure future of agriculture and to improve livelihood of 
half of India's population, adequate attention needs to be given to improve the welfare of farmers and raise 
agricultural income. Achieving this goal will reduce persistent disparity between farm and non-farm income, 
alleviate agrarian distress, promote inclusive growth and infuse dynamism in the agriculture sector. Respectable 
income in farm sector will also attract youth towards farming profession and ease the pressure on non-farm 
jobs, which are not growing as per the expectations. Doubling farmer’s income by 2022 is quite challenging but 
it is needed and is attainable. Three-pronged strategy focused on (i) development initiatives, (ii) technology and 
(iii) policy reforms in agriculture is needed to double farmer’s income. 
1. The rates of increase in sources underlying growth in output need to be accelerated by 33 per cent to meet 
the goal. 
2. The country need to increase use of quality seed, fertiliser and power supply to agriculture by 12.8, 4.4 and 
7.6 per cent every year. 
3. Area under irrigation has to be expanded by 1.78 million hectare and area under double cropping should be 
increased by 1.85 million hectare every year. 
4. Besides, area under fruits and vegetables is required to increase by 5 per cent each year. 
5. In the case of livestock, improvement in herd quality, better feed, increase in artificial insemination, reduction 
in calving interval and lowering age at first calving are the potential sources of growth. 

Research institutes should come with technological breakthroughs for shifting production frontiers and raising 
efficiency in use of inputs. Evidence is growing about scope of agronomic practices like precision farming to 
raise production and income of farmers substantially. Similarly, modern machinery such as laser land leveller, 
precision seeder and planter, and practices like SRI (system of rice intensification), direct seeded rice, zero 
tillage, raised bed plantation and ridge plantation allow technically highly efficient farming. However, these 
technologies developed by the public sector have very poor marketability. They require strong extension for 
the adoption by farmers. R&D institutions should also include in their package’s grassroots level innovations 
and traditional practices which are resilient, Sustainable and income enhancing. 
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Introduction 

A majority and growing proportion of the world’s population is living in urban areas. The share of the world’s 
population living in urban areas is expected to increase from 55 per cent in 2018 to 60 per cent in 2030 (United 
Nations, 2018). In 1950, 30 per cent of the global population was living in urban areas. Rural–urban migration 
under the background of rapid urbanization has led farmers to gradually abandon agricultural cultivation, 
especially among young rural laborers. 

Urbanization Generally Occurs as a Result of One or More of the Following Processes 

1. Natural population growth. 
2. When more people move from rural to urban areas. 
3. When the boundaries of what is considered urban are extended. 
4. From the creation of new urban centres. 

“Very often, urbanization is primarily the result of migration” (International organization for migration, 2015). 

Figure 1: Total workforce v/s Agricultural workforce in India (2019-20) 
(Source: Authors compilation from various Govt. reports) 

In developing countries, the main labourers participating in agricultural cultivation have gradually changed from 
young males to the elderly and women. Participation of labour force in agriculture is drastically decreasing over 
the years (Figure 2). This impact of rural–urban migration on agricultural cultivation has two aspects: rural 
migration can change farmer household’s behaviours by labour and capital changes, while urbanization’s 
demand and supply to the agricultural sector can change the cost-benefit structure of agricultural cultivation 
by agricultural markets and technical efficiency changes.  

Therefore, urbanization has become the main driver of rural social and cultivation restructuring. The linkages 
between rural-urban migration and agricultural cultivation have become a key aspect of rapid urbanization in 
developing countries, affecting rural surplus labour release, food security, agricultural prices, rural Agriculture 
construction, agricultural modernization, rural land use and environmental change, and even the prospects for 
urbanization. Therefore, exploring the linkages between rural migration and agricultural restructuring in the 
context of urbanization has become a key research topic in developing countries to optimize rural–urban 
development and promote rural construction. 
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Figure 2: Agricultural labour force reduction in India (2005-2020). 
(Source: Author’s compilation from various FICCI report) 

Rural-Urban Linkages 

Rural–urban linkages include flows of agricultural and other commodities from rural based producers to urban 
markets, both for local consumers and for forwarding to regional, national and international markets; and, in 
the opposite direction, flows of manufactured and imported goods from urban centres to rural settlements. 
They also include flows of people moving between rural and urban settlements, either commuting on a regular 
basis, for occasional visits to urban-based services and administrative centres, or migrating temporarily or 
permanently (Tacoli, 2004).  

India’s migration patterns are skewed on more than one count. Uttar Pradesh and Bihar have a 
disproportionately high number of out-migrants, while migrants constitute more than one-third of the 
population in metros like Delhi and Mumbai. Migration is the geographic movement of people across a specified 
boundary for the purpose of obtaining a new permanent or semi-permanent residence generally migration is a 
component of the population change. In India, internal migration takes place on account of poverty, 
unemployment, and natural calamities and under development of the place of origin. 

Industrialization, which greatly improved urban productivity, is commonly believed to trigger modern 
urbanization. It is seen as a “pull” force that motivates people to move from rural to urban areas. However, 
even if a country experiences large increases in urban sector production, a good deal of its labour force has to 
remain in rural areas unless agriculture can provide the necessary productivity gains to feed the urban 
population. The argument is that higher agricultural productivity provides food and other agricultural products 
with less manpower and thus allows for a shift of labour out of agriculture and into industry. The low 
urbanization level in ancient times can be largely attributed to low agricultural productivity such that it took 
many cultivators to support one man in the city. From this point of view, agricultural improvements make it 
possible that the size of the urban population grows, and are a precondition for urbanization. 

Conclusion 

1. Migration and urbanization are index of transformation from traditional rural economies to modern industrial 
progression.  
2. Urbanization and migration trends in India are lopsided and skewed in nature and there is a lot of regional 
variations. 
3. There are both arguments in favour and against of rapid urbanization and its impact on agriculture from pro-
ruralises and pro-urbanists. 
4. Urbanization at the cost of loss of agricultural land is definitely threat to the agriculture and food security. 
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5. Maintaining an average and sustained level of migration and urbanization are very essential for economic 
growth of a country which in turn benefit the agriculture sector. 

Policy Recommendations 

1. There is a need of higher agricultural development in order to achieve a higher level of urbanization in India. 
For this purpose, use of technology in agriculture sector along with higher level rural education is required.  
2. Capacity building and skill developmental training programs in rural areas is needed. 
3. Urgent attention of the policy makers towards the policy implication for the land management to prevent 
further agricultural land loss for urbanization is essential. 
4. Set up new industrial units in peri-urban areas- near villages that will reduce pressure on urban areas by rural 
employment seekers. 
5. Finally, we need to have balanced rural and urban policy for a smooth rural- urban transformation in India 
which will have significant effect on agricultural growth. 
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Introduction 

Mosquitoes are known as the carrier of many viral diseases, posing threat to approximately half of the world’s 
population and about 700,000 deaths every year (WHO, 2009; Andrew and Roberto, 2017). Diseases 
transmitted by mosquitoes include Zika, dengue, chikungunya, yellow fever and many more (Table 1). 
Genetically modified mosquitoes are often referred to as transgenic mosquitoes which have been developed to 
suppress the spread of infectious diseases without the use of potentially harmful chemicals. These transgenic 
mosquitoes are incorporated with a foreign gene that is not originally present or naturally occurring in the 
insect. It consists of a self-limiting gene that disrupts the normal processes of mosquitos’ progenies which will 
not survive adulthood. These genetically modified mosquitoes will be released into the wild to mate with the 
wild population where their offspring’s inability to grow to adulthood would lower the population of 
mosquitoes. The application of bacteria Wolbachia in reducing the dengue fever is also another form of GMO 
mosquito. The above-mentioned bacteria when incorporated into the mosquito will stop the virus from 
replicating inside the mosquito, making it impossible for the virus to pass on to humans. Wolbachia 
incorporated mosquitoes will then mate with the wild population, producing progenies that are not able to 
carry and transmit dengue. GMM technology is being brought into practice globally. In Brazil, OX513A strain of 
Aedes aegypti, developed by Oxitec, is currently being used to combat various mosquito transmitted diseases. 
In Florida, the release of genetically modified male mosquitoes, Aedes aegypti named as OX5034 (by Oxitec) 
has been approved to reduce the local populations. 

Table 1. List of mosquito-borne diseases: 

Mosquito spp. Disease caused Type of pathogen 

Aedes Chikungunya 
Dengue 
Lymphatic filariasis 
Rift Valley fever 
Yellow Fever 
Zika 

Virus 
Virus 
Parasite 
Virus 
Virus 
Virus 

Anopheles Lymphatic filariasis 
Malaria 

Parasite 
Parasite 

Culex Japanese encephalitis 
Lymphatic filariasis 
West Nile fever 

Virus 
Parasite 
Virus 

Approaches to Develop GMM 

Genetically modified mosquitoes (GMM) are being designed using two approaches: 
1. Population suppression method. 
2. Population manipulation method. 

Population suppression method relies on the principle of reducing the number of vector mosquitoes in the 
target area using sterile insect techniques (SIT). Contrary to this, the population manipulation method uses gene 
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drive system to target the vector competence of the mosquito population with the aim of reducing the inherent 
ability to transmit the disease. 

Fig 1.  Approaches to develop genetically modified mosquitoes (WHO, 2009) 

How GMM Suppress the Disease Transmission? 

1. Mosquito unable to locate the blood source. 
2. Female infertility. 
3. Production of male progenies. 
4. Disrupts the life cycle. 

Benefits 

1. Lowers the population of mosquitoes carrying diseases. 
2. Field-testing of the GMM has not found any significant impact on humans. 
3. Using GMM will eliminate the use of pesticides.  
4. Easy to implement and requires less manpower. 
5. Specific and has the ability to function in areas that are difficult to target with conventional control methods. 
6. Can be used in integrated approaches for vector control. 
7. Only areas where humans are present need to be sprayed, which reduces insecticide impact. 

Concerns 

1. It may carry or develop unknown pathogens that may cause concern to public health. 
2. Genetically modified mosquitoes may mutate into a stronger mosquito that can reproduce and further pose 
a new threat. 
3. Ecological risks including the risk of disruption of food chain. 

Summary 

Today, genetically modified mosquitoes are being considered as an innovative approach in controlling the 
transmission of various mosquito-borne diseases. They are more beneficial over conventional methods, are 
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specific and compatible with most of the vector management programs. Scientists are concerned that it might 
lead to uncertain ecosystem interactions. However, GMM has broad future applications in controlling mosquito 
vectors but more work is required to assess its effectiveness and associated risks. 

References 
1. Andrew M.H. and Roberto G., (2017). Gene drives to fight malaria: current state and future directions. Pathogens and Global Health. 111(8): 

412-423. 
2. WHO (World Health Organisation) (2009). Progress and prospects for the use of genetically modified mosquitoes to inhibit disease transmission. 

Report on planning meeting 1 Technical consultation on current status and planning for future development of genetically modified mosquitoes 
for malaria and dengue control. pp 64. 

  



 

 
Volume 3 - Issue 01 - January 2021       64 | P a g e  
 

Recycling of Crop Residue for Improving Soil Health 
Article ID: 10021 

N. B. Gohil1, N. K. Gajre1 
1Assistant Research Scientist, Agriculture Experimental Station, NAU, Paria, Gujarat. 

         

Introduction 

Nutrient cycling in the soil plant ecosystem is an essential component of sustainable agriculture enterprise. Crop 
residues after the harvest of the main portion play essential role in recycling of nutrients. Incorporation of crop 
residues alters the soil environment, which in turn influence the microbial population and their activities in soil 
subsequently results in nutrient transformation. Management of crop residues regulates the efficiency with 
fertilizer, water and other reserves of cropping system.  

If the crop residues are managed efficiently, it will directly improve the crop yield by increasing the nutrient 
availability, soil structure and water holding capacity of soil. In India, crop residues considered to be the major 
source of carbon inputs. Presently, use of inorganic fertilizer alone in the intensive cropping system creates 
imbalance in soil fertility, unfavourable soil physical condition and biological system thus damages the soil 
health and hence, this can be overcome by crop residue recycling. 

Crop Residues 

“The portion of a plant left in the field after harvest of the crop that is not used domestically or sold 
commercially”. 

OR 

“Crop residues are the portion of a plant or crop left in the field after harvest, or that part of the crop that is 
not used domestically or sold commercially or discarded during processing”. 

Why Crop Residues Recycling? 

To maintain an acceptable environment free from excessive pollution on ground and the air. 
To conserves ever scare & more costly raw material and energy cycle (in situ). 

 
Fig. 1:- Burning of residues where farmer is not only cleaning his field, but also 'cleaning his pockets' by 

burning the potential fertility of his soil. 

Menace of Open Field Burning 
1. Reduction in organic matter. 
2. Environmental pollution. 
3. Loss of ash containing plant nutrients. 
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Fig. 2:- Remained unmanaged with uneven distribution. 

What Happen with the Crop Residue? 

 
Fig. 3:- Crop residues are removed from the field to serve multiple purposes in the household. 

 
Fig. 4:- Eaten by roaming cattle or allow to graze by farmer itself. 

Role of Crop Residues Recycling on Soil Health 
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1. From agricultural point of view, the soil health may be referred to as the ability of the soil to produce crops 
in a sustainable manner. 
2. Governed by a number of physical, chemical and Biological processes. 
3. Prevalence of one or more unfavourable soil conditions for long periods leads to unsustainability of 
agricultural system. 
4. Soil organic matter plays an important role in maintaining proper rhizosphere for better growth of the plants. 
5. Organic manures are used to increase efficiency of fertilizers. 

Methods of Crop Residues Recycling 

1. In situ incorporation: 

 
Fig. 6:- Residues available for in situ recycling 

a. Crop residues are incorporated in soil before sowing of succeeding crop. 
b. Period available for decomposition of crop residues is important so as to insure availability of 
nutrients. 
c. Crop residues having wide C:N ratio decomposes slowly in the soil. 
d. Decomposition is highly influenced by soil properties, temperature and moisture regime. 

2. Crop residue as surface mulch: 

 
Fig. 7:- Crop residue used as a mulching for Conservation Agriculture requires a critical level of crop residues 

to maintain or enhance soil chemical, physical and biological properties and prevent land degradation. 

a. Mulch influences reflectivity of heat and water transmission characteristics of mulched soil. 
b. Mulch also improves the soil water storage capacity and reduces evaporation losses. 
c. Beneficial effect of crop residue mulch on soil is moisture conservation and moderate soil 
temperature. 
d. Crop residue is an effective mean of runoff, erosion and transport of sediment to stream. 
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3. Composting from crop residues: 

 
Fig.8:- In situations, disallowing adequate decomposition period for the soil incorporated residues; should 

be managed through composting during the crop season. 

a. When C:N ratio = 30:1 of raw material is most favourable for efficient composting. 
b. With wide C:N ratio such as in residues of wheat, paddy, sorghum, pearl millet, maize, sugarcane 
trash, stalks of the cotton; microbial activities diminish, as they do not get sufficient amount of nitrogen. 
Consequently, several cycles may be required to degrade carbonaceous materials, prolonging the period 
of composting. 
c. If C:N ratio is low i.e., less than 30, the proportion of nitrogen is in excess of the requirement of 
microorganisms, consequently, the process of decomposition is faster. 

Factors Affecting Crop Residue Recycling 

1. Influence of crop residues recycling on soil health. 
2. Influence of crop residues recycling on physical properties of soil. 
3. Influence of crop residues recycling on chemical properties of soil. 
4. Influence of crop residues recycling on biological properties of soil. 
5. Influence of crop residues recycling on crop yields. 

Influence of Crop Residues Recycling on Soil Health 

1. On physical properties of soil: 
a. Soil Structure: Favour the formation of aggregates due to addition of organic matter to the soil 
structural stability increase due to straw addition & better aggregate size distribution occurs due to a 
reduction in soil disturbance crop residues.  
b. Bulk Density & Porosity: Low bulk density so incorporation of straw with FYM reduces the bulk density 
of soil & increase the porosity of the soils. 
c. Hydraulic Conductivity: Crop residues increase hydraulic conductivity by modifying soil structure 
microspores & aggregate stability. 
d. Soil temperature: Mulching with plant residues raised the minimum soil temp. in winter due to 
reduction in upward heat flux from soil & decrease soil temp. during summer due to shading effect. 
e. Soil Moisture: Reduces evaporation rate due to increase in number of residues on the soil surface. 

2. On chemical properties of soil: 
a. Organic carbon: Increases with continuous organic matter addition. 
b. Soil pH: Increases soil pH significantly by decarboxy lotion of organic anions, ligand exchange & 
addition of basic cations. 
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c. Cations Exchange Capacity: Soil organic matter as reservoir for plant nutrients essential prevents 
leaching of elements, required for growth. Addition of residues increase cations exchange capacity. 

3. On biological properties of soil: 
a. It provides energy for growth & activities of microbes & substrates for microbial Biomass. 
b. Provide suitable environment for biological N – fixation. 
c. Enzymes, microbial biomass, dehydrogenase & alkaline phosphatase activities increase in sandy loam 
soil. 
d. Increase microbial biomass & it can enhance nutrients availability in soil as well as the microbial 
biomass act as sink & source of plant nutrients. 

Results of a Good Crop Residue Recycling Programme 

1. Increased humus. 
2. Reduced soil erosion. 
3. Reduced soil crusting. 
4. Reduced run-off of water. 
5. Increased moisture retention. 
6. Increased soil oxygen. 
7. Increased nutrient retention. 
8. Increase amino acids (N retention). 
9. Reduced disease and insect pressure. 
10. Increase N harvesting from the air. 

Conclusion 

Crop residues should be utilized through proper recycling in soil rather than burning unnecessarily. Organic 
matter is a dynamic material improves physical, chemical and biological properties of soil and ultimately 
maintain soil health. Recycling of crop residue increases efficiency of applied water and fertilizers in soil which 
lead to increase the crop productivity. 
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India is the world’s largest producer, consumer and exporter of Seed Spices. About 20 Seed Spices grown in 
India. Rajasthan and Gujarat have emerged as “Seed Spices Bowl” and contribute more than 80% of the total 
Seed Spices produced in the country. Cumin, fennel, coriander, fenugreek, ajwain and dill seed are major Seed 
Spices of the Gujarat state. Dry and cool weather is favourable for Seed Spices crops. High relative humidity and 
cloudy weather provide congenial conditions for the multiplication of insect pests. Heavy attack of insect pests 
in these crops result in reduction in grain yield and adversely affect the quality of Seed Spices. As many as 25 
insect pests have been reported to attack on Seed Spices. Insect pests cause 5 to 67 % reduction in the yield. 

Cumin Aphid: Myzus persicae (Hemiptera: Aphididae) 

Both nymphs and adults cause serious damage at flowering stage of the crop by desaping the cell sap. As a 
result of which yellowing and curling of the leaves is exhibited initially. Later on, the plants showed stunted 
growth and inflorescence set few seeds which are shrivelled. In case of severe attack, seed yield of cumin is 
reduced drastically. 

    

Management:  
1. Grow the tolerant varieties like Gujarat Cumin 4 and Gujarat Cumin 5. 
2. Sowing of cumin during the first fortnight of November. Avoided late sowing.  
3. Apply recommended dose of nitrogenous fertilisers.  
4. Apply castor cake or neem cake @ 2 t/ha. 
5. Installation of yellow sticky traps @ 10/ha is advisable to monitor the population density of aphid. 
6. Application of carbosulfan 25EC @ 0.05% found effective and economical in reducing aphid infestation in 
cumin. 
7. First foliar spray of thiamethoxam 25WG (2.5g/10lit. water) should be made at 10% umbels aphid infestation 
and second spray of thiacloprid 21.7SC (3ml/10lit.water) at 10days after the first spray. 

 

Cumin Thrips: Thrips tabaci and Scirtothrips dorsalis (Thysanoptera: Thripidae) 

T. tabaci and Scirtothrips dorsalis are pests of coriander and cumin crops. Thrips flavus was found to infest 
fennel and dill seed. Both nymphs and adults scrap the epidermis of leaves and tender parts and suck oozing 
cell sap. Infested leaves turn brown. Excessive feeding may lead to curling of leaves and stunted growth of the 
plants. Long dry spell favors fast multiplication of thrips. 
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Management: 
1. Grow the tolerant varieties like Gujarat Cumin 4 and Gujarat Cumin 5. 
2. Seed treatment of thiamethoxam 70WS @ 4.2g/kg seed or imidacloprid 70WS @ 10g/kg seed. 

Fennel Aphid: Hydaphis coriandri Das (Hemiptera: Aphididae) 

This aphid is pear shaped light green in colour which looks like blue white. Both nymphs and adults suck the cell 
sap from leaves, stem, and inflorescence. The attacked portion becomes sticky and damaged umbels looks like 
burnt and production of seeds in the umbel are shrivelled or of poor quality. 

 

Management: 
1. Grow the tolerant varieties like Gujarat Fennel 2, Gujarat Fennel 11 and Gujarat Fennel 12. 
2. Conserve the predators like coccinellids, chrysopids and syrphid fly etc. The coccinellid predators (Coccinella 
septempunctata and Menochilus sexmaculatus) were reported in fennel eco system and played vital role in 
checking the population of aphid.  
3. Foliar application of imidacloprid 17.8SL (0.006%) or carbosulfan 25EC (0.05%) proved effective against fennel 
aphid. 

 

Coriander Aphid: Hydaphis coriandri Das (Hemiptera: Aphididae) 

 

Both nymphs and adults suck the cell sap from leaves, stem and inflorescence. The attacked portion becomes 
sticky and damaged umbels looks like burnt and production of seeds in the umbel are shrivelled or of poor 
quality. Within a short period of attack, it causes a heavy loss in the seed production.  
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Management: 
1. Grow the tolerant varieties like Gujarat Coriander 2 and Gujarat Coriander 3. 
2. Late sowing of coriander should be avoided. Sow the coriander crop during the first fortnight of November.  
3. Seed treatment with thiamethoxam 70WS @ 4.2g/kg seed was found effective. 
4. Two foliar sprays of flonicamid 50WG @ 0.015% (3g/10lit. water), first spray at 1.5 aphid index and second 
spray at 10 days after first spray found effective against fenugreek aphid. 

Fenugreek Aphid: Aphis craccivora Koch. (Hemiptera: Aphididae) 

 

A. craccivora is bold, black, and shining in colour. Both nymphs and adults feed on leaves, mainly on stem, 
inflorescence and pods. The damaged pods shrivelled and become weak. The flowers either don’t produce pods 
are if pods are formed, they are thin and weak and the grains either not formed or if formed the grains are very 
small and thin. 

Management: 
1. Grow the tolerant variety like Gujarat Fenugreek 2. 
2. Sow the fenugreek crop during the first fortnight of November. Late sowing of fenugreek should be avoided.  
3. Seed treatment with thiamethoxam70WS @ 2.8g/kg seed   proved effective.  
4. Two sprays of thiamethoxam 25WG @ 0.0084% (3.36g/ 10lit.) or acetamiprid 20SP @ 0.004% (2g/10lit.)  
proved effective. First spray at 1.5 aphid index and second spray after 10 days of the first spray. 

Fenugreek Leaf Hopper: Empoasca kerri (Hemiptera: Jassididae) 

Both the nymphs and adults suck the cell sap from the underside of the leaves which turn yellow and weak. 

 

Management: 
1. Sowing of fenugreek will be done during first fortnight of November. 
2. Seed treatment with thiamethoxam 70WS @ 2.8g/kg seed proved effective.  
3. Two foliar sprays of thiamethoxam 25WG @ 0.0084% (3.36g/10lit.water) or acetamiprid 20SP @ 0.004% (2g/ 
10lit. water) proved effective. First spray applied at an appearance of leaf hopper and second spray after 10 
days of the first spray. 

Termite 

 
Termite feeds on the roots of fenugreek plants and thereby yield is reduced drastically. 
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Management: 
1. Use of neem cake @50-100kg/acre. 
2. Drench the crop with chlorpyriphos 20 ml in 10 lit. of water.  
3. Ajwain as an intern crop in fenugreek (1:1 ratio) for effective management of termite attack. 

 

Seed Wasp of Fennel: Systole albipennis Walker (Hymenoptera: Eurytomidae) 

Fennel seeds are infested by seed wasp in the field condition. The female wasp lay eggs in the embryo of grain 
and developing larvae feeds remaining inside the grain. Larvae pupate inside the grain and adults emerge from 
the stored grains by making hole. Oil content and germination power in damaged fennel are reduced. The 
infestation of seed wasp is reported to be 40% in fennel, 30% in coriander, 27% in cumin and 10% in ajwain. 

     
Seed wasp of fennel 

     
Seed wasp of coriander 

Management: 
Two foliar sprays of thiamethoxam 25WG @0.0084% (3.5g in 10lit. water) or acetamiprid 20SP@0.004% (2g in 
10lit. water) found effective. First foliar spray should be made at appearance of seed wasp damage and second 
spray at 10days of after first spray. 

Gram Pod Borer: Helicoverpa amigera Hardwick (Lepidoptera: Noctuidae) 

 

http://www.nbair.res.in/insectpests/images/Systole-albipennis1.jpg
http://www.nbair.res.in/insectpests/images/Systole-albipennis2.jpg
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Host plants: Cumin and fennel. 
The attack of Gram pod borer is sporadic in nature and found only in suitable environmental conditions. Attack 
of Helicoverpa at flowering and seed setting stage of cumin caused severe damage.  

Management: 
1. Deep summer ploughing will check the pest by exposing their resting stage to sun and insectivorous birds.  
2. Spray HaNPV @ 300 LE/ha during evening hours when young Helicoverpa larvae are noticed.  
3. Spray of microbial pesticide like Bt  powder @ 20g/10lit. water found effective.  
4. Install bird perches @ 20-25/ha to promote predation of moths and larvae by birds.  
5. Install 8 pheromone traps of Helicoverpa / ha. 
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What is Signal Transduction? 

Signal Transduction is the mechanism by which a cell converts an extracellular signal into a response. 

Steps in Signal Transduction 

 
Fig.1. Steps involved in signal transduction pathway (Source: https://biologydictionary.net/) 

Reception 

It is a process by which a cell recognizes a signalling molecule. A signal is detected when the ligand that carries 
the signal information binds to a receptor situated on cell surface. 

Transduction 

When the ligand binds to the receptor it brings changes in the receptor molecule. This starts the transduction 
process. Signal transduction is a phenomenon that involves various interconnected steps, where each molecule 
continues the process.  

Response 

This entire process leads to a specific cellular response. 

Cross Regulation, An Integrative Mechanism 

Within plant cells, signal transduction pathways never function individually, often their regulations are 
interconnected. This realization helps us understand why plant hormones often exhibit agonistic or antagonistic 
interactions with other signals. The interaction between signalling pathways has been termed cross-regulation. 

E.g.: antagonistic interaction between GA and ABA in the control of seed germination. 

Conclusion 

Much efforts were done in agricultural research to make the effective use of photosynthesis mechanism 
through better crop management and crop breeding strategies.  This transduction mechanism opens new 
avenues in agriculture research, one such aspect is the study of how plant signal transduction pathways regulate 
various biotic and abiotic stress responses in plants. Identification and regulation of signalling molecules in many 
crops that influence stress responses in plants provide vast opportunities for enhancing the crop yield in the 
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present scenario of global climate change. The unravelling of molecular basis of  plant signalling pathways with 
the help of modern biotechnological tools will serve to crop improvement. 
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Introduction and Uses 

The herbaceous plants derive it common names from the unique flower it bears, which resembles a brightly 
colored bird in flight. It is a spectacular blossom; long stemmed flowers emerge from green boat-shaped bracts 
which are bordered in red or purple. The uniquely shaped flower of this exotic tropical perennial resembles a 
bird's head and due to its brilliant orange and blue colors and unique form. It is popularly known as BOP and 
botanically called as Strelitzia reginae belongs to the family Sterlitziaceae. Strelitzia reginae was named after 
the king's wife Queen (reginea in Latin) Charlotte of Mecklenburg-Strelitz (Strelitzia). It is closely related to 
banana. In South Africa it is commonly known as a "crane" flower. The leathery leaves are held upright on stiff 
leaf stalks and are about 6 inches wide and 18 inches long. The plant forms a 3- to 5-foot-tall clump that can be 
used as focal point in landscape or in mass plantings. The evergreen leaves of bird-of-paradise do not drop from 
the plant, which makes it an excellent addition around pools or wherever shedding leaves are an aesthetical 
and for maintenance problem. 

Important Species 

There are only six recognized species of Sterlitzia nicolai, sterlitzia reginae are the most common in warm season 
landscape. Sterlitzia nicolai is the giant bird of paradise, whereas the reginae species is the standard sized plant 
with sword like leaves and smaller flowers. 

Soil and Climate 

It is fairly tolerated conditions and needs little water once established. If cared well, it will flower several times 
in a year and thrives well in rich loamy soil, especially when they get plenty of water throughout the year. It will 
perform well in full sun to semi-shade and respond well to regulate feeding with a controlled release fertilizer. 
BOP is sensitive to cold and need to be sheltered from frost, as it can damage the flowers and leaves. 

Propagation 

The bird of paradise is easily propagated by division. Dig up and separate old clumps, dividing those with four 
to five shoots into single-stem division. For best results, divide clumps during late spring or early summer. 

Re-plant divisions at the same soil depth at which they were previously grown. Keep the soil moist until roots 
are established (at least three months) then begin fertilizing. This method will produce mature, flowering plant 
in one to two year.  

Cultivation 

Bird-of-paradise grows in most soils, but performs best in fertile, organic soils with good drainage. It considered 
to be a slow growing plant. For good flower production, place plants in sunny or partially shaded location. Plants 
grown in partial shade it will produce larger flower. Make it as deep as the root ball is tall. Before planting, 
thoroughly water the plant in the hole, making sure the top of the root ball is no deeper than the soil surface. 
Planting too deeply may cause a delay in flowering. Fill around the ball with soil and gently firm the soil. Water 
thoroughly while planting to remove air pockets. Construct a saucer-like basin around the plant from the extra 
back fill soil. This will hold water until it drains down to the plant's roots. A plant installed in this manner might 
require more frequent irrigation during dry periods but is not likely to suffer from drainage problem. 
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Fertilization 

Bird-of-paradise requires fertilizer for the best growth and flowering. Organic fertilizers, granular landscape 
fertilizers, or controlled release materials such as Osmocote or nutrients can be used spread fertilizers around 
plants every three months during the growing season according to the label directions. 

Pruning 

Dead leaves and old flower stalks should be removed to increase the aesthetic quality of the plant and to reduce 
the chance of fungal organisms building up on the dead tissue. 

Growth Regulators 

The growth retardants such as Paclobutrazol, cycocel and uniconazole were applied to get good growth and 
flowering Strelitzia reginae plants by spray method or drench method. 

Harvest and Yield 

When harvesting smaller variety cut at the ground level in order to encourage more side shoots and allow more 
light into beds. 600-700 flowers stem per hectare per year. 

 
Fig. 1 Bird of paradise 
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Abstract 

Fermentation is a crucial step in the processing of cocoa beans that gives the chocolate's characteristic flavour. 
An array of microbiological and biochemical changes inside the cocoa beans result in aromatic components in 
chocolate and remove undesirable bitterness and astringency from it. 

Introduction 

The chocolate industry is an essential sector with more than 3million tonnes of consumption worldwide. It is 
mostly consumed for its stimulating and happiness-inducing effects (Torres‐Moreno and others, 2012). Cocoa 
nibs are the raw materials of the chocolate manufacturing process that require vigorous processing to obtain 
chocolate, as we see now. Cocoa nibs are extracted from the cocoa fruit by breaking and extraction of cocoa 
pulp, fermentation and drying. Fermentation and drying process together gives the right flavour of chocolate. 

Process of Fermentation 

Fermentation is an essential step in cocoa processing, which involves various microbiological and biochemical 
changes. Cocoa pulp is relatively sterile inside the pod, but when it's broken, it gets subjected to microbial 
ecology, which marks various chemical reactions as summarized in Table 1. Essentially there will be conversion 
of complex sugars and proteins to simpler amino acids and monosaccharides that are very important for 
Maillard reaction to occur in subsequent processing. Reduction of bitterness and change of colour by oxidation 
of phenolic compounds present in it (Beckett, 2009). Proper fermentation is key to the formation of good quality 
chocolate. The consequence of inadequate and over-fermentation leads to changes in colour and flavour 
characteristics of chocolate, as summarized in Fig 1. 

Conclusion 

 
Fig 1. Characteristics of good, poor and over-fermentation 
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Fermentation of cocoa beans is a key to the characteristic flavour of chocolate. Inadequate fermentation may 
affect the quality of chocolate produced hence affects its quality. So, it's crucial to have better control over the 
natural process of fermentation in order to produce chocolate with good flavour characteristics. 

Table 1: Microbiological and Biochemical changes in cocoa beans. 

SL 
NO. 

Steps in 
fermentation 

Microbiological Biochemical 

1 Harvesting of 
cocoa 

Pulp is sterile, and no 
microbiological changes 

No biochemical changes 

2 Cocoa beans 
opened  

Microbes present in the 
environment, handling 
equipment predominates 

No notable changes inside the bean 

3 Cocoa beans 
heaped or put in 
wooden boxes 

Marks first phase of 
fermentation, ie, Anaerobic 
fermentation. Mainly yeast 
predominates  at this stage 

Sugars present in the mucilaginous mass are 
converted to alcohol and CO2.  
 Pectinolytic enzymes degrade the 
mucilaginous substance produced by the 
yeasts that get drained in the form of 
sweatings 

4 Removal of 
sweatings and 
subsequent 
turning or 
aeration 

Promotes the second stage 
of fermentation, that is, 
aerobic fermentation. Acetic 
and lactic acid predominates 
at this stage 

Promotes an acidic medium. The reaction is 
exothermic and increases the temperature to 
30 to 40˚C 
Penetration of acid, temperature removes 
cocoa bean coat onto the beans. 
Endogenous enzymes present in cocoa beans 
react with cocoa substrate  
Proteins are converted into oligopeptides and 
aminoacids 
Complex carbohydrates are converted to 
simple sugars  
Oxidation of phenolic substances occur that 
result in the reduction of bitterness and 
astringency and induce brown color formation  

Source: (Aprotosoaie et al., 2016; Barišić et al., 2019; Beckett, 2009 
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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 

The three modes of manufacturing value added fertilizers are through modified release method, employing 
stabilization act and synergistic law. 
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 Fertilizer 

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 helps in enhancing the nutritional value of the compost. 

Commercial Value-Added Fertilizers 

1. Zincated Factamphos: Addition of zinc to the complex fertilizer. A single fertilizer satisfies both macro and 
micronutrient requirement of plants. Produced by FACT  
2. Zincated Gypsum: Serves as a soil conditioner and fertilizer. Mainly preferred for alkaline soil.  
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3. 10:26:26: Granular form of N – P – K. Manufactured by Mahadhan Smartek Company. Suitable for sugarcane, 
cotton, groundnut, soybean, grapes, pomegranate, banana, vegetables and pulses.  
4. 12:32:16: Granular form of N – P – K. Manufactured by Mahadhan Smartek Company. Ideal for soybean, 
potato and other commercial crops which require high phosphorus during the early stages of crop growth.  
5. 20:20:0:13: Granular form of N – P – K - S. Manufactured by Mahadhan Smartek Company. Suitable for 
sulphur loving crops. 

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. 
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 improve soil health. 
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Introduction 

Pulsed Electric Field (PEF) is one of the novel non-thermal processing methods for food processing. Since long 
ago, the applications of electric current in processing of food were elucidated. The principle of pulsed electric 
field lies in destruction of biological cell membrane by mechanism of electroporation. In this technique low 
voltage DC supply is utilized to charge the capacitors across the resistor to convert it into AC of high electric 
potential. The system basically consists of impulse generation system and treatment chamber. Various factors 
affect the performance of PEF such as strength of electric field, geometry of treatment chamber, presence of 
air bubbles and particles, cell characteristics, etc. Applications of PEF are limited to fluid foods only. Further, the 
economics of pulsed electric field processing of food are not encouraging. Safety and regulatory concern is 
another factor due to electrochemical reactions and release of some heavy metal in food undergoing PEF 
processing.  

Several non-thermal pasteurization methods, including the application of high hydrostatic pressure or pulsed 
electric fields, have been developed to achieve sufficient microbial reduction while maintaining food quality. 
The use of an external electrical field for a few microseconds induces local structural changes and a rapid 
breakdown of the cell membrane. Based on this phenomenon, called electroporation, many applications of high 
intensity pulsed electric fields (PEF) have been studied in the last decades. In the area of plant and microbial 
genetics pulsed electric fields are applied to cause an electroporation of cell membranes to infuse foreign 
material such as DNA into the cell). This process of reversible pore formation has to be controlled to maintain 
viability of the organisms during the application of the PEF. Due to the reversible permeabilization the cells 
repair their membranes through resealing the electropores immediately after the PEF treatment. This principle 
can also be utilized to induce stress reactions and secondary metabolite biosynthesis, which can be desirable 
food constituents. At higher treatment intensity PEF can be utilized for the inactivation of microorganisms by 
an irreversible breakdown of the cell membrane. In food technology this irreversible pore formation by PEF can 
be applied as a mild preservation technique for liquid food as well as a substitute for conventional cell 
disintegration methods, such as grinding or enzymatic treatment, as a pre-treatment step for mass transfer 
improvement prior to dehydration, extraction or pressing. 

Mechanisms of Action 

Figure 1: Mechanism of membrane permeabilization by electrocompressive forces induced by an external 
electrical field. 
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Specific Applications 

1. Processing of apple juice: Apple juice from concentrate treated with PEF at 50 kV/cm, 10 pulses, and pulse 
width of 2 micro seconds and maximum processing temperature of 45°C had a shelf life of 28 days compared 
to a shelf life of 21 days of fresh squeezed apple juice. There were no physical or chemical changes in ascorbic 
acid or sugars in the PEF treated apple juice and a sensory panel found no significant differences between 
untreated and PEF treated juices. PEF extended shelf life at 22-25°C of fresh apple juice and apple juice from 
concentrate to more than 56 days or 32 days, respectively. There was no apparent change in its physicochemical 
and sensory properties.  

2. Processing of orange juice: The effectiveness of the ELSTERIL continuous process developed by the food 
engineers at Hamburg, in association with the University of Hamburg, Germany. They reported the reduction 
of the native microbial flora of freshly squeezed orange juice by 3 log cycles with an applied electric field of 15 
kV/cm without significantly affecting its quality.  

3. Improvement of juice extraction:  Cell disintegration is often a crucial prerequisite prior to liquid-solid 
separation during extraction of fruit and vegetable juices. Conventionally, an enzymatic maceration is applied, 
requiring residence times of 30 to 60 minutes and holding tanks. The applicability of a short-time, continuous 
PEF treatment to induce cell disintegration was investigated using a juice press with a capacity of 50kg. 
Dependent on apple variety and PEF treatment intensity, an increase in juice yield was found, similar or higher 
than after an enzymatic treatment. A specific energy input of 3kJ/kg was sufficient to achieve an increase in 
juice yield.  

4. Improvement of drying: Enhancement of drying of several fruit and vegetable products after a PEF 
application has been shown, allowing for a reduction of drying times of up to 30 per cent for potato cubes. 
Though the energy required for water evaporation will not be changed by a PEF application, significant energy 
savings can be expected due to faster moisture transport and increased production capacities of existing lines. 
Production of dry cured ham and sausages requires the application of gentle drying conditions and drying times 
in a range of up to 30 days. The potential to enhance drying rates of dry cured ham was investigated subjecting 
samples of pork shoulder to a treatment at field strength of 3 and 4kV/cm and a specific energy input of 5 and 
20kJ/kg.  

5. Effect of PEF on mass transfer during air drying:  High intensity pulsed electric field pre-treatment is 
reported to improve mass transfer during drying of several vegetable and fruit tissues. 

6. Effect of PEF on osmotic dehydration: Pulsed Electric Field has also been used as a method of pre-treatment 
to accelerate mass transfer during osmotic dehydration. 

7. Potential application of PEF in sugar beet and coconut processing: Sugar beet slices (diameter 2.0 cm and 
thickness 1.20 cm) were treated by exponential pulses with variable electric field strength and number of pulses 
and a repetition frequency of 1Hz. The electrical treatment was performed with stainless steel electrodes (total 
area of 140cm2) spaced of 3.8cm placed in a Plexiglas cuvette with tap water (conductivity 0.75mS/cm). 

8. PEF for recovery of high valuable intracellular metabolites: PEF used in the recovery of high valuable 
components such as pigments. The plant cell suspension cultures treated with exponential pulses with electric 
field strength between 0.3 to 1.6 kV/cm and 3 impulses. The time interval between pulses was 10sec. During 
the treatment also the pulse duration was varied. Changing the value of the capacitance of the discharging 
system capacitor between 10 and 40 nF, exponential decay constant for pulse between 6 and 23µs was obtained 
in this way. 

9. Texture and structure modifications induced by PEF: The changes of textural properties caused by PEF have 
been reported by different authors. The electro-permeabilization determined the decrease of compressive 
strength in carrot tissue.  

10. Inactivation of Microorganisms:  Raw and reconstituted apple juice, peach juice, skim milk, beaten eggs, 
and pea soup exposed to PEFs of 25–45 kV/cm were treated using the chamber designed at Washington State 
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University. E. coli inoculated in skim milk and exposed to 60 pulses of 2 s width at 45 kV/cm and 35°C was 
reduced by 2D. A reduction of 6D was observed in liquid egg inoculated with E. coli and treated with an electric 
field of 25.8 kV/cm and 100 pulses of 4 s at 37°C. E. coli and B. subtilis inoculated in pea soup and exposed to 
PEFs of 25–33 kV/cm (10–30 pulses of 2 s) provided a limited inactivation (1.5D) when the process temperature 
of pea soup was below 53°C, while microbial inactivation was 4.4D with process temperatures between 53°C 
and 55°C. 

11. Pea Soup: PEF inactivation of E. coli and B. subtilis suspended in pea soup depends on the electric field 
intensity, number of pulses, pulsing rate, and flow rate. The maximum bulk temperature of the peak soup 
achieved during the PEF treatment was 55°C and is a function of both flow rate and pulsing rate. PEF treatments 
with a bulk temperature below 53°C resulted in limited microbial inactivation (1.64D). 

Problems and Challenges 

Before an industrial exploitation of this novel technique to preserve food on an industrial scale is attempted, it 
will have to be demonstrated that the process is indeed economically interesting in comparison to existing 
pasteurization methods, in terms of costs of operation and investment as well as product quality and, in 
particular, consumer acceptance. There is a clear need for development of impulse generation systems with 
sufficient electrical field strength, power and repetition rate at reasonable prices. 

Conclusion 

The feasibility of using PEF to inactivate enzymes has been positively demonstrated. However, to achieve a 
great extent of enzyme inactivation, higher energy levels than those required to destroy microorganisms are 
needed. The results of PEF inactivation of enzymes are encouraging in the exploration of an alternative non-
thermal method of food preservation. Most enzymes are almost completely inactivated while some show 
resistance to PEF processing. PEF can be employed as an effective hurdle when used in combination with other 
preservation factors such as pH and additives or as a complementary step with mild thermal processes. 
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Abstract 

Microbial degradation of the organic matter over a period of time is known as compost. Biodegradable organic 
materials are the integral part of compost preparation. Being an easily available, cost effective and easy to 
prepare compost is an important source for improvement of soil and crop quality. Compost improves the 
structure of the soil. It allows more air into the soil improves drainage and reduces erosion. Compost helps to 
stop the soil from drying out in times of drought by holding more water. Composting is a biological process that 
occurs under aerobic conditions (presence of oxygen) with an adequate moisture and temperature, hygienic 
transformation of organic wastes in a homogeneous and plant available material. The three main phases of 
composting have been identified based on the temperature variations besides a phase of maturation. Being a 
biological process, microorganisms play a crucial role in composting process, therefore, factors affect the 
growth and reproduction of these microorganisms should be taken into account. These factors include aeration 
or oxygen, temperature, pH, moisture of substrate and C:N ratio. 

Key Words: Biodegradable, Compost, C:N ratio, Microorganisms.   

An organic matter (plant and/or animal residues), which has been degraded by the action of microorganism i.e., 
bacteria, fungi, actinomycetes etc. over a period of time is known as compost. Many types of organic matter, 
such as leaves, straw, fruit and vegetable peelings, and manures can be used to make compost. The degraded 
end product is completely different from the original organic materials which has characteristics of dark brown 
colour, crumbly in nature with a pleasant smell (Goluekem, 1991). Being an easily available, cost effective and 
easy to prepare, compost is an important source for improvement of soil and crop quality. Compost improves 
the structure of the soil. It allows more air into the soil improves drainage and reduces erosion. Compost helps 
to stop the soil from drying out in times of drought by holding more water. Compost helps in improvement of 
soil physico-chemical properties as it adds the nutrients to the applied soils as well as acts as a binding agent 
for the soil particles; thus, increase the nutrient availability for the plants. 

This can help to produce better yields. Compost can reduce pest and disease problems in the soil and on the 
crop. The crop will be stronger and healthier and therefore resist pest and disease attack better. Compost is a 
better way of feeding plants than using chemical fertilizers. Chemical fertilizers provide nutrients for plants but 
do not improve the structure or quality of the soil very much. Also, the nutrients present in chemical fertilizers 
are available to the crops of particular season. Compost, on the other hand, is not washed away through the 
soil like chemical fertilizers, so the beneficial effects are longer lasting (BSI PAS, 2005). Plants that are grown 
with chemical fertilizers are more attractive to pests and diseases because they have a greener, juicy growth. 
Crops grown on compost applied soils have better ability to withstand against the pest and disease infestation 
compared with inorganically grown crops. 

Phases in Composting 

Composting is a biological process that occurs under aerobic conditions (presence of oxygen) with an adequate 
moisture and temperature, hygienic transformation of organic wastes in a homogeneous and plant available 
material. During composting process various microorganisms performed the complex metabolic processes to 
produce their own microbial biomass in the presence of oxygen, nitrogen (N) and carbon (C). In this process, 
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additionally, the microorganisms generate heat and a solid substrate, with less carbon and nitrogen, but more 
stable, which is called compost (FAO, 1980 and 2020). During the decomposition process of initial complex 
organic C, N and organic matter a measurable heat is generated due to metabolic activities of microorganisms 
which causes temperature variations over the time period of decomposition process. The three main phases of 
composting have been identified based on the temperature variations besides a phase of maturation. These 
different phases of composting have been classified according to their temperature as: 
1. Hot Phase (Mesophilic Phase). 
2. Curing Phase (Thermophilic and Hygienization Phase). 
3. Cooling or Mesophilic Phase II. 
4. Maturation Phase. 

Hot Phase (Mesophilic Phase) 

The composting process starts at ambient temperature and in a few days (or even hours), the temperature rises 
to 45°C. Metabolic activity of various heterogeneous group of microorganisms results in increased temperature 
as these microbes utilizes the N and C of the organic matter for their body assimilation. Decomposition of 
soluble compounds, such as sugars, produces organic acids and hence, pH can drop (to about 4.0 or 4.5). the 
hot phase lasts for two to eight days. 

Curing Phase (Thermophilic and Hygienization Phase) 

When the temperature of the parent organic material attains temperature higher than 45 °C, the mesophilic 
microorganisms are replaced by the thermophilic microorganisms (mostly thermophilic bacteria) which has 
capacity to grow at higher temperature. These thermophilic microorganisms facilitate the degradation of 
complex organic matter i.e., cellulose and lignin. Conversion of nitrogen into ammonia by the thermophilic 
microbes results in pH rise of the compost pile during this stage (FAO, 1980 and 2020). In particular, over 60°C, 
bacteria producing spores and actinobacteria which are responsible for breaking down waxes, hemicellulose 
and other compounds of C complex, begin to develop. High temperature of compost pile during this phase helps 
in killing of contaminants and bacteria of faecal origin i.e., Escherichia coli, Salmonella sp. Helminth’s cysts and 
eggs, phytopathogen fungi spores and weed seeds etc. thus this phase is also known as hygienization phase. 
Concurrently, this phase is very conducive as high temperature (above 55 ºC) helps in elimination of spores of 
phytopathogen fungi, helminth’s cysts, weed seed and other harmful bacteria present in the parent material if 
any and raise a hygienized product. 

Cooling or Mesophilic Phase II 
After the exhaust of carbon and nitrogen sources from the composting material, temperature of the pile 
decreases again to about 40-45 ºC. During mesophilic phase, polymers degradation as cellulose continues and 
some fungi visible to the naked eye appear. As temperature goes below 40 ºC, activity of mesophilic organisms 
resumes and pH of the compost pile decrease slightly, whereas in general pH of the compost pile remain slightly 
alkaline (Acharya, 1950). Some fungi can develop and even produce visible structures. This cooling phase 
requires several weeks and may be confused with the maturation phase. 

Maturation Phase 

During maturation phase the temperature of the compost pile drops to the ambient temperature level (20-30 
ºC) and during this phase condensation of carbonaceous compounds and polymerization occurs, which further 
helps in formulation of fulvic and humic acids. 

Factors Affecting the Composting Process 

Being a biological process, microorganisms play a crucial role in composting process, therefore, factors affect 
the growth and reproduction of these microorganisms should be taken into account. These factors include 
aeration or oxygen, temperature, pH, moisture of substrate and C:N ratio (TNAU, 1999). Externally, the 
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composting process largely depends on environmental conditions; the method used, raw materials, and other 
elements, so that some parameters may vary (Manickam, 1967). However, these parameters should always be 
within an optimal range and must be under constant surveillance. The parameters and their optimal ranges are 
listed below. 
1. Aeration (Oxygen). 
2. Carbon dioxide. 
3. Moisture. 
4. Temperature. 
5. Carbon-nitrogen (C:N) ratio. 
6. pH. 
7. Particle size. 

Aeration (Oxygen) 

Composting is an aerobic process and adequate ventilation should be maintained to allow respiration of 
microorganisms that release carbon dioxide (CO2) into the atmosphere. Similarly, aeration also helps in 
reducing compaction or water filling in the compost material. Oxygen requirements vary during the process, 
reaching the highest rate of consumption during the thermophilic phase. 

The oxygen saturation level of the compost pile should not be <5% (optimum level 10%) (Raabe, 2001). Excessive 
aeration level results in temperature drop and moisture loss by the evaporation process and the low level of 
moisture hamper the decomposition process. Excess aeration also causes the dehydration of microorganisms’ 
cells which further hampers production of the spores and enzymes which proliferate the degradation of various 
compounds of added organic matter (NRAES, 1992). 

Contrarily, low aeration level (usually below 5%), results in excessive moisture which further generate excess 
moisture and anaerobic environment. Odours and acidity are then produced by the presence of compounds 
such as acetic acid, hydrogen sulphide (H2S) or methane (CH4) in excess.    

Table 1. Aeration control during composting: 

Aeration 
percentage 

Problem  Solution 

<5% Low 
Aeration 

Insufficient water evaporation, 
generates excessive moisture and 
anaerobic environment 

Chop the material in order to reduce 
porous size and hence, aeration. 
Moisture should be regulated by 
adding water or fresh material or 
with more water content (fruit and 
vegetable craps, grass, liquid 
manure and others) 

>15% Excessive 
aeration 

Drop in temperature and excess 
evaporation of water, causes the 
decomposition process to stop due 
to lack of water 

5%-15% ideal range 

Source: http://www.fao.org/3/y5104e/y5104e09.htm 

Carbon Dioxide (CO2) 

Among all the aerobic processes, either human/animal/plant breath or compositng, oxygen plays a crucial role 
in transformation (oxidation) of carbon in to fuel present in the raw material. The oxidation process, tranform 
the carbon into biomass and carbon dioxide generated during respiration of microbes perform the 
photosynthesis for plants and other autotrophic microorganisms (Virginia, 1997). 

During composting process, type of raw material used and activity of hetrotrophic microbes release CO2 through 
their respiration. Generally, an amount of 2-3 kg CO2/tonne of composting material is generated which has a 
low environmental effect as it is used by plants for photosynthesis. 
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Moisture 

The microbial activity and moisture level in composting material are closely related to each other as the water 
present in the raw material is used by the microorganisms for transportation of nutrient and energy through 
their cell membranes. The moisture level in the composting material varies based on the size of particles, 
physical condition of the material and the composting system. The ideal level of moisture in the compost 
material should be around 55%. 

Table 2. Moisture control during composting: 

Moisture percentage Problem Solution 

<45% Insufficient 
moisture 

Can stop composting due 
to lack of water for 
microorganisms 

Moisture should be regulated, either 
by adding water or fresh material 
with higher water content (fruit and 
vegetal waste, grass, liquid manure or 
others) 

45%-60% ideal range 

>60% Insufficient 
oxygen 

Too wet material, oxygen 
is displaced. Can develop 
zones of anaerobic. 

Turn the mixture and/or add low 
moisture content material with high 
carbon content such as sawdust, 
straw or dry leaves. 

Source: http://www.fao.org/3/y5104e/y5104e09.htm 

Temperature 

Ambient temperature has a wide range of variation depending on the phase of the process. Composting begins 
at ambient temperature that can rise up to 65 °C with no need of human intervention (external heating). While, 
during maturation phase the compost pile attains the ambient temperature. The high temperature and longer 
time period possess high rate of decomposition and hygeinization, thus the temperature of the pile should not 
drop at faster rate.  

Table 3. Temperature control during composting: 

Temperature Problem Solution 

Low 
temperature 
(ambient T 
< 35°C) 

Insufficient 
moisture. 

Low temperatures can occur by 
several factors, such as lack of 
moisture, so that microorganisms 
reduce the metabolic activity and 
therefore, temperature drops. 

Wet the material or add fresh 
material with higher moisture 
percentage (fruit or vegetable 
waste or others) 

Insufficient 
material. 

Insufficient material or inadequate 
pile shape to reach the appropriate 
temperature. 

Add more material to the 
composting pile. 

Nitrogen 
deficit or low 
C:N ratio 

The material has a high C: N ratio and 
hence, the microorganisms are 
lacking the necessary N to produce 
proteins and enzymes and slow down 
their activity. The pile takes more 
than week to increasing the 
temperature. 

Add high N content material 
such as manure. 

20-70 0C ideal range 

High 
temperature 
(ambient T 

Insufficient 
ventilation 
and moisture 

The temperature is too high and the 
decomposition is inhibited, since 

Turn the mixture and/or add 
high C content material of 
slow degradation (wood or 
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>70°C) most microorganisms are inactive 
and die. 

dry grass) to slow down the 
process. 

Source: http://www.fao.org/3/y5104e/y5104e09.htm 

pH 

The composting pH depends on the source materials and varies in each phase of the process (from 4.5 to 8.5). 
During the early phases of composting, the pH of compost pile acidified due to release of various organic acids 
by the microorganisms. In the thermophilic phase, due to the conversion of ammonium into ammonia, the pH 
rises, the medium is alkalized to finally stabilize at values close to neutral. The pH is a determinant factor for 
microorganisms’ survival and the various group of microorganisms have their optimal pH range for growth and 
multiplication. Most bacterial activity occurs at pH 6.0-7.5, while most fungal activity occurs at pH 5.5 to 8.0. 
The ideal range is from 5.8 to 7.2.  

Table 4. pH control during composting: 

pH Related Causes Solution 

<4.5 Excess of 
organic 
acid 

Plant materials such as kitchen waste, fruit, release 
many organic acids and tend to acidify the 
medium. 

Add material rich in nitrogen 
until an appropriate C: N ratio is 
achieved. 

4.5-8.5 ideal range 

>8.5 Excess of N When there is excess of nitrogen in the source 
material, with poor C: N ratio related to moister 
and high temperatures, ammonia is produced and 
the medium is alkalized. 

Add dry material with high 
carbon content (pruning, dry 
leaves, sawdust) 

Source: http://www.fao.org/3/y5104e/y5104e09.htm 

Carbon-Nitrogen (C: N) Ratio 

The C:N ratio changes according to the parent material used for composting. The C:N ratio varies throughout 
the composting process, with a continuous reduction from 35:1 to 15:1. 

Table 5. Carbon-nitrogen (C:N) ratio parameters during composting: 

C:N ratio Related Causes Solution 

>35:1 Excess of 
Carbon 

There is a large number of carbon-rich 
materials in the mixture. The process 
tends to cool and to slow down. 

Add nitrogen-rich material until 
an appropriate C: N ratio is 
achieved. 

15:1 – 35:1 ideal range 

<15:1 Excess of 
nitrogen 

There is a higher amount of nitrogen-rich 
material in the mixture. The process tends 
to overheat generating odours from the 
ammonia released. 

Add material with high carbon 
content (pruning, dry leaves, 
and sawdust). 

Source: http://www.fao.org/3/y5104e/y5104e09.htm 

Particle Size 

Microbial activity is related to particle size, that is, easy access to the substrate. A very small size of composting 
particles increases the specific surface area, which facilitates greater access the substrate. The ideal size of the 
parent materials for composting is 5 to 20 cm. the density of composting material, is closely related to particle 
size and ultimately affects the aeration and moisture retention of the compost pile. The density of the 
composting material at the start of composting remains approximately 150-250 kg/m3 which increases up to 
600-700 kg/m3 with progress of composting process. 

Table 7. Particle size control during composting: 
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Particle size Related Causes Solution 

>30 cm Excess of 
aeration 

Oversized materials form aeration 
channels, dropping the 
temperature and slowing down the 
process 

Chop the material up to an 
average size of 10-20 cm. 

5 – 30 cm ideal range 

<5 cm Compaction Too fine particles form small pores 
that fill with water, facilitating 
compaction of the material and a 
restricted flow of air causing 
anaerobiosis. 

Turn and/or add larger particles 
to homogenise. 

Source: http://www.fao.org/3/y5104e/y5104e09.htm 

Conclusions 

Compost plays a crucial role in improvement of the structure of the soil. It allows more air into the soil improves 
drainage and reduces erosion. Compost helps to stop the soil from drying out in times of drought by holding 
more water. Composting is a biological process that occurs under aerobic conditions (presence of oxygen) with 
an adequate moisture and temperature, hygienic transformation of organic wastes in a homogeneous and plant 
available material. For preparation of an ideal compost and within short period of time there is need of keeping 
all the factors affecting compost preparation in ideal range. 
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Introduction 

Our climate change challenge: Many scientific studies show that our planet is getting warmer day by day. As a 
result of the increase in the Earth’s average temperature, glaciers are melting, sea levels are rising, weather 
patterns are changing and extreme weather events, such as droughts, floods and storms are increasing (FAO, 
2015). 

Without drastic action today, adapting to these impacts in the future will be more difficult and costly. So, the 
need of the hour is to raise awareness on the consequences of climate change and experience that everybody 
can help to mitigate and adapt to climate change. When young people work together to grow food and learn 
sustainable practices, they become part of the climate change solution. Involvement of kids in farming can be 
a solution for Climate Change and sustainable future. 

Involvement of School Kids in Sustainable Farming-Strategy to Combat Climate Change 

One strategy for mitigation of climate change could be – involvement of school kids in farming. School kids 
‘adopt’ a local sustainable farmer, and beside starting urban farming at school (which is trend in many places), 
kids find, with help of school teacher, existing sustainable farmers and put hands on to reduce their bottlenecks, 
think of creating new techniques and technologies, find out about their cultural heritage and what species, 
where planted, learn what a good soil should look like and much more.  

Agriculture for kids is more than just visiting a local farm for an afternoon. Help kids understand where their 
food and favourite products come from, with facts and activities about the agriculture industry. If kids learn 
from the beginning to show respect for nature and it’s ‘fruits’, this might help to create responsive sustainability 
and citizens that take care of our planet, now and in the future. This farming might be integrated in their school 
schedule to work and learn on this farm, and bring some produce home to their family and share it in the 
neighbourhood. 

Students learn how to grow, tend, harvest, prepare safely and consume nutritious seasonal produce, in the 
educational settings of the classroom, the garden, the kitchen, the school cafeteria and the home. The 
experience promotes the environmental, social and physical well-being of the school community and fosters a 
world sustains itself. Links with home gardens reinforce the concept and open the way for exchange of 
knowledge and experience between the school and the community. 

Such food-based strategies have the merit of sustainability: they create long-term dietary habits and put food 
choices into the hands of consumers. A strong education component ensures that the effects go beyond the 
immediate time and place, to children's families and future families. Better understanding of how the natural 
Nutrition concerns also link the developed and the developing worlds, which share many dietary problems. 

For example, the need to change perceptions of fruits and vegetables and to learn how they are best grown, 
prepared and eaten is common to many communities, rich and poor, and may be critical in building community 
health in both. This makes for meaningful joint efforts and exchanges of experience, ideas and teaching 
materials. 
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Farming by School Kids can Teach Students Many Tangible Ways to Mitigate these Climate 
Risks. (BC Farms & Food, 2019). 
1. Meat and climate change: Livestock production is a major source of methane emissions and world 
deforestation. Growing food by school kids in their school premises increases children’s preferences for healthy 
fruits and vegetables, and introduces kids to a more plant-based diet. 

2. Food waste: Thirty percent of the world’s food is wasted. By growing food in school gardens, children learn 
how much care and time goes into producing fruits and vegetables. 

3. Pollution from overuse of fertilizers: Farming by school kids teach students natural food-growing methods 
that do not require chemical fertilizer inputs. These include mulching, composting, soil cycles, plant diversity, 
and supporting beneficial insect habitat. 

4. Food miles: An average meal travels 1,200 kilometres before we eat it. When schools have vegetable gardens 
and source their cafeteria food from local farmers, they reduce food transportation emissions, and build 
community with local growers. 

Table 1: Stakeholders and their role: 

Stakeholder Role 

 
Children (elementary school: 6-14 years old) 

learn end experience and help to 
adapt, mitigate by practicing farming in schools 

Teachers will coordinate, set up network between all 
stakeholders 

Farmers Provide the farmland and willing to work with the 
school kids. This means commitment in time and space 
as well as 
sharing knowhow. 

NGO with their expertise, set up need based recurring 
workshops for kids, so they learn sustainable farming 
in a way that is appropriate for their age. 

Government financial support 

Family and Neighbourhood benefit from local and quality food production, 
network 

The Local Self Government Departments, Give financial support 

Department of Education Helping schools to adopt this strategy and think of 
including a subject on agriculture in the school 
curriculum. 

Example of involvement of kids in farming in India- existence of Farm2Food with school children by 
Deepjyoti Sonu in Assam. 

Deepjyoti Sonu, founder of Farm2Food with school children 

 

 

 
Sonu aims to start organic farming in all schools of Assam 
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Figure 1: Kids in organic farming in Assam, India 

Conclusion 

Think global, act local: Involving School Kids in agriculture will play a huge role in addressing the planet’s future 
needs- whether on food production, health or the preservation of the environment. The United Nations 
adopted its post 2015 agenda, setting out 17 Sustainable Development Goals to tackle contemporary global 
challenges by 2030. Unique about this strategy is that we combine learning about what climate change is with 
experiencing it and help to adapt and mitigate climate change at the same time. This means that awareness and 
knowhow is directly linked to action, which again will bring the request for more knowledge which can lead to 
further action.  

Schools do not necessarily need a garden; they can directly benefit from an existing infrastructure by working 
on an existing farm with a farmer that is already elaborating the land. The idea of kids helping farming is not 
new, however and has always been part of family and community structures. New here is that the entire set up 
is coordinated by the school as part of the curriculum, so all children have the opportunity to attend. Another 
point is that the topic of climate change is a central aspect of this school kids in sustainable farming projects. At 
last, also exclusive is the fact that everybody can participate as long as all stakeholders agree on basic rules of 
respect, trust, sharing and clear communication. 
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Weeds increase the cost of growing vegetables, reduce crop yield and quality, and impact farm management 
decisions, such as timing of harvest and choice of herbicide options. The growth of weeds in vegetable 
production systems is enhanced by soil disturbance, irrigation and the application of fertilisers. Weeds harbour 
many vegetable diseases, nematodes, mites and insects, especially aphids and thrips that transmit viruses. 
Weed pressure is generally higher when soil conditions are poor due to heavy cropping.  

This fact sheet provides growers and advisors with an overview of: 
1. Important weed species in Australian vegetables and their impact on profitability. 
2. Weed control methods and critical success factors. 
3. Key features of an Integrated Weed Management approach. 

Important Weed Species and their Impact on Profitability Weed Species 

The top five most important weed species in Australian vegetable production tend to be annual or biennial 
heavy seeding broad leaf species, and include:  
1. Fat hen (Chenopodium album). 
2. Stinging nettle (Urtica urens). 
3. Mallow (Malva parviflora). 
4. Nutgrass (Cyperus rotundus). 
5. Pigweed (Portulaca oleracea). 

However, the most important weed may vary depending on the district, crop, soil type and time of season. 
Nutgrass (4) is problematic because of its persistent underground parts and is less easily controlled using 
selective herbicides unlike other grass and sedge weeds. It becomes a problem in no-till systems. 

Increased Cost of Production 

Weed management costs are estimated at $479 per hectare on average in Australian vegetable crops, which is 
about 11% of total pre-harvest variable production costs (Table 1). The cost of weed management varies based 
on the crop type and other associated costs e.g., labour, cultivation and input products. 

Reduced Yield and Crop Quality 

Weeds, when combined with diseases and pests, can reduce yield in vegetable crops by 10 to 70% by competing 
for water, soil nutrients, light and space that ultimately restricts the development of the plant. Yield impacts 
depend on crop type and stage, for example studies have shown reduction in yields of approximately 20% in 
broccoli, 25% in lettuce but up to 90% in carrots where no weed control activities are undertaken. Other factors 
that influence yield impacts include pest type, soil type, weather conditions, timing of infestation and crop 
management. Weeds can host pests and diseases that reduce crop quality and yield, as well as increase the cost 
of pesticide use. Insect pests spread the majority of viruses within a crop, or from weeds to crops. Examples of 
pests and diseases that may be hosted by weeds include:  
1. Capsicum chlorosis virus in capsicums  
2. Powdery mildew (Erysiphe heraclei) in carrots and parsnips  
3. Black leg fungus (Phoma lingam) in brassicas  
4. Dry leaf spot (Xanthomonas camestris pv. vitians) in lettuces 
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5. Fungal root rot (including Pythium, Rhizoctonia and Fusarium) in a variety of vegetables  
6. Aphids and thrips (several species) in a variety of vegetables  
7. Mites and nematodes (several species) in a variety of vegetables. 

Weed Control Methods and Critical Success Factors 

There are a number of weed control methods available to Australian vegetable growers, which can be grouped 
into chemical control, mechanical weed control, mulches, cultural (or management), and innovative control 
methods. Their application will depend on the time of the season, production system and compatibility with 
each other, as they are rarely used in isolation. Each method’s relative effectiveness of weed control and 
affordability to implement varies based on feedback from growers and advisors around the country. The critical 
success factors for weed control include: 
1. Choose the appropriate methods by considering the available herbicide options, preparing beds to reduce 
the weed seed bank, as well as the role of tillage, cover crops and crop rotation within your system. 
2. Consider timing such as weather and access to paddocks, weed life stage, crop life cycle, and ground 
conditions, particularly moisture 
3. Be diligent about applying appropriate weed control methods, focusing on removing weeds before they set 
seed or spread further. 
Have good knowledge of your main weeds and their characteristics e.g., trial herbicides on-farm. Always adhere 
to herbicide label recommendations, and get advice if you’re not sure what to do. This might include asking 
about the best surfactants, nozzles, pressure and machinery speed to use  
4.Develop a plan, and implement an Integrated Weed Management (IWM) strategy that combines a number of 
control methods and looks after resistance management (covered in the next section). 

Integrated Weed Management 

Integrated Weed Management (IWM) is a sustainable management system that combines all appropriate weed 
control methods for a particular vegetable crop(s). The purpose of IWM is to: 
1. Reduce the possibility of weed control failure. 
2. Reduce the impact of weed management activities on the environment. 
3. Increase crop yield and quality, while assisting to manage insect pests, diseases and soil health. 
4. Increase the possibility that the mix of methods used will continue to work, for example preventing herbicide 
resistance. IWM is more than just relying on a few conventional practices, such as herbicides, tillage and hand 
weeding. An example of an IWM strategy for cucurbit production is: 
5. Apply pre-plant herbicide. 
6. Use plastic mulch where appropriate. 
7. Implement drip irrigation (subsurface if feasible). 
8. Control of weeds in the inter-row space before the crop vines had spread. 

Use mechanical inter row management: 
1. Consider crop rotation 
2. Use cover crops  
3. Ensure farm hygiene (Figure 3) 
4. Focus on soil health management 

IWM is also an important component of the integrated crop protection approach, which combines chemical, 
cultural and biological methods to keep weeds, insect pests and disease pressure low enough to prevent 
significant economic loss. 

A number of growers involved in the Integrated Crop Protection project demonstration sites around the country 
have successfully implemented an IWM strategy. In particular, the introduction of cover crops into the 
production system has shown positive results. 
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Introduction 

Cluster bean is a major legume crop being cultivated in arid and semi-arid environmental regimes. The deep 
rooting nature of cluster bean imparts drought tolerance by enhancing the water uptake potential. It is primarily 
cultivated in India, Italy, Pakistan, Morocco, USA, Spain and Germany with limited input resources. The tender 
green pods are consumed as a vegetable meal in major parts of India. Cluster bean is also grown as fodder crop 
because of high protein content in seeds and straw parts (Rai and Dharmatti, 2013). In India, cluster bean is 
widely cultivated as rainfed crop however; it can be grown in summer with irrigated conditions. It is grown as 
green manure crop in many rainfed areas because of its enhanced potential in atmospheric nitrogen fixation. 
In addition, the seeds of cluster bean possess a considerable proportion of gaur gum in the endosperm which 
throws valuable opportunity for its utilization in industrial sector. It is a water dispersible hydrocolloid with high 
thickening capacity. The natural gum is extracted from grounded endosperm after removal of seed coat 
(Sabahelkheir et al., 2012). Major areas of cluster bean for gum purpose include Haryana, Gujarat, Rajasthan 
and Punjab. Around 80 per cent of global gaur production is shared by India with highest contribution from 
Rajasthan state. The seasonal monsoons in Northern part of India provide ideal cropping conditions for 
production of gaur. Considerable amount of rainfall before planting is required for induction of seed maturation 
and optimum growth (Anderson, 1949). The price and supplies of gaur are often influenced by the pattern of 
rainfall in the production zones. 

Gaur Gum in Endosperm 

The gaur kernel possesses outer hull (14-16%), germ layer (40-46%) and the endosperm (38-40%).  The 
composition of gaur endosperm includes nitrogen (0.67%), phosphorous (0.06%), ash (1.07%), water soluble 
polysaccharide (86.50%), water soluble fraction (7.75%) and alcohol soluble fraction (1.50%). The water-soluble 
polysaccharide fraction consists of two major components viz., D- galactose (36.60%) and D-mannose (63.10%) 
which together form galactomannan portion of endosperm (Chudzikowski, 1971). Its molecular weight was 
found to be around 200 to 300 thousand daltons (Glicksman, 1969). The galactomannan are the pure forms of 
gaur gum which accounts 30-33% in endosperm. Gaur gum is an excellent water binder due to attraction of 
water molecules at active sites of D-galactopyranose and D-mannopyranose. The ability to form viscous solution 
on dispersion with water is the most characteristic feature of gaur powder. 
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Commercial Exploitation of Gaur Gum 

1. Gaur gum in food industries: Gaur gum changes the behavioural pattern of water which is a common 
component in many food products. It is largely preferred by food industries because it is a natural additive and 
economical. Gaur gum is used as a stabilizer in frozen ice cream and other baked food items. It is used as a 
thickener in salad dressing because of its high viscous nature coupled with acid stability.  Addition of gaur gum 
in fried products had resulted in reduced oil uptake. It is used in yoghurt and pasta preparation for enhanced 
texture. Increased softness was observed in chapathi and bread on addition of gaur gum (0.50 - 0.75%). The 
beneficial effects of gaur gum in food products are realized only at lower concentration of 0.5 - 1.0% above 
which it exhibits decreased protein efficacy and lipid utilization affecting growth of individual.  

2. Gaur gum in other industrial sectors: 
a. Gaur gum is used as a thickener and protective colloid in many skin care lotions. It is used in shaving 
creams and ointments for easy extrusion from the tube. 
b. It has wider applications in pharmaceutical industries viz., anti-acid formulations, binder in tablet 
manufacture, controlled drug delivery system, suspensions, micro-encapsulation of drugs and so on. 
c. Guar gum powder is used in ceramics, printing inks, mosquito mats, battery electrolytes, paints, 
mining and explosives. 
d. Gaur gum is the major component in fracturing fluids because of its high viscous capacity. It is mixed 
with fracturing fluid during oil well drilling. 
e. Gaur gum is used widely in paper industries. It provides denser surface to the paper for printing. Gaur 
gum enhances bonding strength, hardiness and other writing properties of paper. 
f. Guar gum provides high thickening and film formation properties which plays a major role in textile 
printing and sizing. 
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Introduction 

There are nearly 20,000 known bee species on earth, and generally bees are regarded as sun-loving insects 
(Michener, 2007). When we hear the term bees, we normally imagine a world of honey bees visiting different 
floral resources on bright sunshine hours for pollen and nectar. They return to the hive by evening after foraging. 
However, a few species of bees begin their activity after sunset and started showing some adaptations to utilize 
dimlight for survival and activity. Such bees that independently evolved to fly in very dark conditions including 
moonlight and starlight are referred as nocturnal bees or dim light foragers. They gather pollen and nectar from 
available sources during near or complete darkness and can fly through complex forest in the dark. They may 
be either obligate, as in Xylocopa tranquibarica or facultative, as in Megalopta spp. The obligate nocturnal bees 
are active throughout the night even in moonless night. The activities of facultative nocturnals are restricted to 
slightly brighter period just after sunset and/or before sunrise. They are generally vespertine or crepuscular in 
nature: Crepuscular species generally active before sunrise (Megommation spp.) whereas the vespertine 
species (Megalopta sp.) are active after sunset.  Some of these bees may even continue to forage all night if 
the sky is moonlit. 

Nocturnality in Bees 

With regards to high level of parasitism, predation, competition for limited resources has driven many day active 
bee groups to adopt a nocturnal lifestyle. This shift from diurnal to nocturnal is a behavioural change in them. 
Thus, we can call these bees as behaviourally modified bees and they are not an exception to the bee 
community. This change in behaviour causes consecutive evolutionary changes in many features that help bees 
to adapt to new environment. The evolution of nocturnality represents intrusion of new extreme environment 
for the bees. 

Phylogeny 

Nocturnal behaviour in bees appear to have evolved independently which indicates  convergent  evolution of  
nocturnality  in a number of species in four hymenopteran families viz., Colletidae, Andrenidae, Halictidae and 
Apidae (Aguiar et. al., 2013). Xylocopa tabaniformis (Apidae), Xenoglossa fulva (Colletidae), Ptiloglossa guinea 
(Colletidae), Lasioglossum texana (Halictidae), Megalopta genalis (Halictidae) are some of the facultative 
nocturnals and Xylocopa tranquebarica (Apidae), is the only obligate nocturnal so far identified. 

Nocturnal Vision 

Generally, all diurnal insects possess apposition type of compound eye and nocturnal insects have 
superposition eyes. Since bees are principally diurnal, they too possess apposition eyes. Though nocturnal 
bees have made evolutionary transitions to nocturnality; they still withhold the diurnal type apposition eyes. 
With the only diurnal adapted apposition eyes, nocturnal bees are able to forage, pollinate and exploit the 
dark phase of night with modified visual and neural systems. The modified eye design of high sensitivity to light 
and increased visual neurons for capturing sufficient light increases the signal reliability in dark for nocturnal 
bees. The visual adaptations include raised vertex, enlarged ocelli, large compound eye, larger facet lenses and 
photo receptors, a greater number of ommatidia per eye and wide rhadom. The neural adaptation is the 
photon summation to improve photon capture in time (temporal summation) and space (spatial summation). 
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Studies on visual adaptation of three bees viz., Megalopta genalis, Lassioglossum leucozolium and Apis 
mellifera with the help of eye morphometrics revealed that the eye of nocturnal halictid bee, M. genalis 
showed specific retinal and optical adaptations for vision in dim light. Megalopta genalis has the highest 
number of facets per eye (4883±10 facets) with corneal facet diameter of 36 µm and 102 µm corneal thickness 
than diurnal halictid bee, L. leucozolium (3421±57 facets with 20 µm corneal facet diameter and 41 µm corneal 
thickness) or the diurnal honey bee, Apis mellifera (4752±35 facets with 20 µm corneal facet diameter and 
corneal thickness of 28 µm) (Greiner et. al., 2004). 

Nocturnal bees tend to have larger body size compared to diurnal bees for thermoregulation which is 
considered as pre-adaptation for nocturnal evolution. Usually, the temperature in night will be cool and large 
body size helps to lose heat very slowly. Foraging activity in nocturnal bees is either crepuscular or obligate. 
Flight activity pattern in the genus Xylocopa revealed that X. leucothorax stops its activity with light intensity 10-

1 cdm-1 and X. tenuiscapa by 10-2 cdm-1 whereas X. tranquebarica is largely restricted to night where it starts its 
activity with light level 10-1 cdm-1. Thus, foraging activity of three Xylocopa spp. showed that temporal activity 
in X. tranquebarica started late evening after sunset with peak at 7.00 p.m. and ceased by early morning before 
sunrise. In contrast, X. tenuiscapa and X. leucothorax have diurnal activity from sunrise to sunset. X. tenuiscapa 
comes as occasional crepusculalr also (Somanathan et. al., 2008). 

Pollen Resources of Nocturnal Bees 

Bees primarily utilize flowers for nectar and pollen, which serve as food. Nocturnal bees depend on night-
blooming flowers and flowers with open corolla for their nutrients. To understand the pollen resources of 
nocturnal bees, Villanueva et. al. (2016) conducted a study on nocturnal sweat bee, Megalopta tetewana that 
revealed the presence of pollen from four families of plants viz., Apocynaceae, Convolvulaceae, Fabaceae and 
Malvaceae in the nest. Mimosa pudica (Fabaceae) and Mandevilla sp. (Apocynaceae) were the dominant 
sources of pollen grains accounting for 96.2 to 100 per cent pollen respectively. Also, the pollen sources of the 
obligate nocturnal, X. tranquebarica includes flowering plants from the family Casuarinaceae, Fagaceae, 
Sonneratiaceae etc. Nocturnal flower visitors play a crucial role in the pollination of many night blooming trees 
also. Nearly half of the flowers of a night-blooming tree, Machaerium opacum (Fabaceae) are visited by 
Ptiloglossa spp. (32 %) predominantly at dawn and Megalopta spp. (19 %) at dusk (Siqueira et. al., 2018) which 
leads to 10 per cent of the fruit set. 

Nest Architecture 

Nocturnal bees construct nests on dead wood branches where they prefer soft to crumbling wood type. They 
carve circular nest entrance with textured collar. Megalopta spp. prefers sticks with minimum of 1 cm to 10 cm 
diameter whereas for Xylocopa spp. branch size ranges from 11 cm to 37 cm diameter. Internal surface of nest 
is lined with DuFour’s gland secretion for protection against fungal infection and the cavities will be filed with 
pollen loaf and nectar. These bees conduct orientation flight and utilize the landmarks available in the 
neighbouring area to locate the nest in the dark and return back correctly after foraging. 

Factors Favouring Nocturnal Foraging 

Nocturnal behaviour in bees helps them to escape from natural enemies. Parasitism in the nests of nocturnal 
bee, Megalopta genalis by larvae of the parasitoid beetle, Macrosia gongracilis is nearly one per cent and that 
by the parasitic wasp, Lophostigma cincta nearly 2.1 per cent. This level of parasitism is quite sparse when 
compared to the 29 per cent parasitism in other twig nesting diurnal bees (Smith et. al., 2017a). Nocturnal 
foraging is also considered as a tactic to reduce interference and consumptive competition. Monitoring the 
activity of night flying bee, M. genalis on night-blooming flowers of balsa tree (Ochroma pyrmalidae) which 
remain open even during morning hours, revealed that foraging activity by M. genalis starts 16 minutes after 
sunset and stops 14 minutes before sunrise (Smith et. al., 2017b). 
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Conclusion 

The bees that are behaviourally modified to exploit the dark niche are nocturnal bees. Even with the small day 
adaptive apposition eyes, nocturnal bees annihilate the barriers of complex forest in the dark which with various 
visual and neural adaptations. Nocturnal bees capitalize the advantages from the extreme niche was unknown 
to other diurnal bee groups. The nocturnality in bees is an evolution of exploitation and escape from 
competition, thus are not an exception to the bee group. 
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Seed health test refers primarily to the presence or absence of disease-causing organisms such as fungi, 
bacteria, viruses and insects. Seed health is one of the components of seed certification. Some seed borne 
diseases have been identified at field and seed stages and their maximum level permissible is incorporated in 
the Indian “Minimum Seed Certification Standards”. Techniques have been developed to examine seed lots in 
the laboratory for certain seed borne diseases at the seed stages. 

Methods of Testing 

Several methods of testing, varying in sensitivity and reproducibility and in the amount of training and 
equipment required are followed. The methods to be used in a particular case will depend on the pathogens or 
condition to be investigated, the species of the seed and the purpose of the test. Selection of method and 
evaluation of the results require knowledge and experience of the methods available. 

Examination without Incubation 

Such tests given no indication as to the viability of the pathogen: 
Direct examination: The submitted sample or a sub sample three of is examined, with or without the help of a 
stereoscopic microscopic for the presence or absence of ergots and other sclerotia, nematode galls, smut balls, 
insects, mites and evidence of any of diseases and pests in seed or inert matter. 

Examination of imbibed seeds: The working sample is immersed in water or other liquid to make fruiting 
bodies, symptoms of pests etc., more easily visible, or to encourage the liberation of spores. After imbibition’s, 
the seeds are examined either superficially or internally, preferably with the help of stereoscopic microscopic. 

Examination of organisms removed by washing: The working sample is immersed in water with a wetting agent 
or alcohol and shaken vigorously to remove fungal spores, hypae, nematodes etc., intermingled with or 
adhering to the seeds. The excess liquid is then removed by filtration, centrifugation or evaporation and the 
extracted material examined with the help of a compound microscopic. 

Examination after Incubation 

After incubation for a specific period, the working sample is examined for the presence of or symptoms of 
disease organisms, pests and evidence if any of physiological disturbances in the seeds and seedlings. The 
examination may be superficial or internal. Three types of media are commonly used. 

These are used when pathogens are to be grown from the seeds or when seedlings are to be examined. The 
seeds, with or without pre-treatment, are placed in such a way during incubation so that secondary spread of 
organisms is avoided. Lighting is calculated to stimulate sporulation of fungi and is provided when needed. 
Germination inhibition by chemical or other means is sometimes desirable. Some pathogens can be identified 
without magnification, but a stereoscopic microscope or a compound microscope is often helpful in identifying 
spores. 

Examination of Plants 

Growing plants from seed and examining them for disease symptoms is sometimes the most practicable method 
for determining whether bacteria, fungi or viruses are present in the sample. Seeds from the sample under test 
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may be sown or inoculums obtained from the sample may be used for infection tests with healthy seedlings or 
parts of plants. The plants must be protected from accidental infections else ware and conditions may require 
careful control. 

Other Techniques 

Specialized methods involving serological reactions, phage-plague formation, etc. have been developed for 
some disease organisms and may be used preferably in consultation with the seed pathologist. 

Calculation and Expression of Results 

Results are expressed as percentage by number of seeds affected or as number of organisms in the weight of 
sample examined. If the seed lot is found not to conform to the maximum permissible level it is straight rejected 
for seed purpose. 

Insect Damage 

A seed lot under certification shall not have apartment or visible evidence of damage by insects for both 
foundation and certified seed classes in excess of 1.0 % for the seeds of maize and legumes and 0.5 % for other 
seeds. 

Conclusion 

Seed health is a well-recognized factor in the modern agricultural science for desired plant population and good 
harvest. Seed-borne fungi are one of the most important biotic constrains in seed production worldwide. ISTA, 
ISHI and NSHS are three primary organizations that publish standardized seed health test methods. Seed health 
testing to detect seed-borne pathogens is an important step in the management of crop diseases. Seed health 
is a measure of freedom of seeds from pathogens. Specificity, sensitivity, speed, simplicity, cost effectiveness 
and reliability are main requirements for selection of seed health tests methods. Some seed health testing 
methods can be applied to understand the sources of seed borne infections, location of pathogens within seed 
tissues, to confirm the occurrence of seed transmission and its mechanisms, and to understand the influence 
of external biotic and abiotic factors on seed transmission or other phases of the disease cycle. Since seed serve 
as means of dispersal and survival of plant pathogens, it is critical to test its health before using it as planting 
material. Seed health testing and detection is a first line approach in managing seed borne diseases of plants. 
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Crop residue burning in different states of India is a major issue leading to air pollution mainly in Delhi and other 
parts of Northern India. However, crop residue conversion from waste to a valuable resource imparts positive 
effect on air pollution reduction as well as increases farmer’s income. Crop residues are the plant parts that are 
left after the crop harvested or threshed in the field. About 683 Mt of crop residues from different crops (Rice, 
wheat, sugarcane, maize, cotton, soya bean, mustard and etc.) are produced, which is majorly used as fodder, 
fuel, as well as in various industrial processes. Out of this, about 178 Mt of crop residues are available as surplus 
around the country and 87 Mt of surplus crop residues is subjected to burning in different crop-lands (TERI 
2019). Crop residues are the major source of organic carbon as well as plant nutrients in the soil. Crop residue 
retention on the soil surface have many beneficial effects such as it reduces run-off & soil erosion, conserves 
soil moisture and also reduces field preparation costs. 

Crop Residue Management 

It is a cultural practice that involves very less intensive tillage operations and also covers the land with more 
residue from the previous crop. It is designed to protect soil & water resources and provide additional plant 
nutrients and environmental benefits. 

Diversified Uses of Crop Residue 

1. Crop residues can be used as fuel for power plants i.e., thermal plants. 
2. It can also be used for making papers/ boards /panels in various industries. 
3. As animal feed crop residue is traditionally utilized to meet the nutritional requirement of animals. 
4. Crop Residue or lignocellulosic biomass is converted into ethanol which can be blended with gasoline and can 
also be used as fuel in combustion engines. 
5. It can also be used as cushioning material for wrapping fruits & vegetables etc. for transportation from one 
place to another. 

Technological Interventions 

1. Traditionally crop residues are used for preparing compost i.e., bio enriched or vermicompost and it is used 
mainly as farmyard manure. 
2. Mushroom cultivation: Crop residues are most widely used as substrates. 
3. Biochar can also be prepared using crop residues. It is a high carbon material produced through slow pyrolysis 
of biomass. 
4. Financial assistance is provided to the farmers for hiring resource conservation machinery like Happy seeder 
zero-till. 

Straw Burning is Not a Solution 

1. One ton of paddy straw contains approximately 5.5 kg N, 2.3 kg P2O5, 25 kg K2O, 1.2 kg S, 50-70% of micro-
nutrients absorbed by rice and 400 kg of carbon, which are lost due to burning of paddy straw.  
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2. The burning of one ton of paddy straw releases 3 kg particulate matter, 60 kg CO, 1460 kg CO2, 199 kg ash 
and 2 kg SO2.  
3. These gases affect human health resulting in aggravation of eye, skin, heart and lung diseases.  
4. Soil properties like soil temperature, moisture and soil organic matter are greatly affected due to burning. 

Straw Removal (Baler) 

1. A baler is a machine used to compress straw into bales for easy transport and storage. 
2. It compresses the straw into compact 25-30 kg rectangular/round bundles. 
3. It takes 35-40 minutes to cover an acre giving 25-27 quintals of straw. 

 

Happy Seeder 

1. Tractor- powered machine that cuts and removes the rice straw, sows into the bare soil, and deposits the 
straw over the sown area as a mulch. 
2. Combines stubble mulching and seed- cum fertilizer drilling into a single operation. 

Constraints 

1. Non-availability of tractor. 
2. Spreading of paddy straw. 
3. Management of rodents. 
4. Non-availability of happy seeder. 
5. The mind set of farmers. 

 

Industrial Utilization Options 

1. Straw as a raw material for ethanol production. 
2. Straw as a fuel in brick kilns and boilers. 
3. Straw for paper/ board making. 
4. Straw as a packing material. 

Biochar 

Biochar is created by a chemical process called pyrolysis, in which material is heated in the presence of limited 
oxygen. 
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Biochar Effects on Soil 
1. Increases moisture holding capacity. 
2. Enhances organic matter. 
3. Improves habitat for beneficial soil microbes. 

Use of Crop Residue for Compost Preparation 

1. Traditionally used for preparing compost. 
2. Used as animal bedding and are then heaped in dung pits.  
3. In the animal shed each kilogram of straw absorbs about 2-3 kg of urine, which enriches it with nitrogen. 

 

Use of Crop Residue as Fodder for Animals 

1. Traditionally utilized as animal feed as such or by supplementing with some additives.  
2. However, crop residues, being unpalatable and low in digestibility, cannot form a sole ration for livestock.  
3. Residues need processing and enriching with urea and molasses, and supplementing with green fodders 
(leguminous/non-leguminous) and legume (sun hemp, horse gram, cowpea, gram) straws. 

 

Use of Crop Residue for Mushroom Cultivation 

1. Agro residues have effectively been utilized as a substrate in mushroom cultivation.  
2. Wheat and rice straws are excellent substrates for the cultivation of Agaricus bisporus (white button 
mushroom) and Volvariella volvacea (straw mushroom). 

 

Use of Crop Residue in Biogas Production 

1. The process of bio-methanation utilizes crop residue in a non-destructive way for extracting high quality fuel 
gas and produces manure that can be recycled in soil.  
2. Biomass such as rice straw can be converted into biogas, a mixture of CO2 and CH4, which can be used as fuel. 
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Use of Crop Residue as Bio-oil 
Conversion of lignocellulosic biomass into alcohol is of immense importance as ethanol can either be blended 
with gasoline as a fuel extender and octane-enhancing agent or used as a neat fuel in internal combustion 
engines. 

Use of Crop Residue as an Alternative Energy Source 

1. Biomass can be efficiently utilized as a source of energy and is of interest worldwide because of its 
environmental advantages. 
2. Potential increase in the usage of crop residues for energy generation as it is substitute for fossil fuels.  
3. Biomass source is storable, inexpensive, energy-efficient as compared to other energy sources 

Incorporation of Crop Residues in Soil 
Crop residue can be incorporated completely or partially into soil mostly by plowing or incorporated by power-
tiller. 

 

Zero-Till Seeding Along with Crop Residue Management and Retention 

1. The no-till system is a specialized type of conservation tillage consisting of a one-pass planting and fertilizer 
operation in which the soil and the surface residues are minimally disturbed. 
2. The entire soil surface is covered by crop residue mulch or killed. 

 

Conclusions and Future Pathway 

1. Burning of residue is easy practice but not healthy practice in long term, our farmers need to learn how to 
manage crop residue for better soil and environment. 
2. Residues can also be removed from land with balers and used for making biochar & other industrial purposes.  
3. Although primarily the cost for incorporation is higher, the monetary loss can be kept aside for the welfare 
of society pitted against the harmful effects of burning. 
4. Developing paddy and wheat varieties with more root biomass results in improved soil fertility.  
5. Developing new microbial consortia and inoculants for enhancing the decomposition rate of crop residue at 
farm sites.  
6. Establishing the number of biomass-based power projects 
7. Providing subsidy and incentives, new agricultural schemes for avoiding the practice of crop residue burning. 

Crop Residue: Not a waste until wasted. 
Crop residue burning as a liability to environment should be transformed into resource with adopting three 
R’s concepts i.e., Reduce, Reuse and Regeneration. 
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Introduction 

Discussions in the public arena about quality altering (genome editing) and cisgenesis rotate close to morals 
and corporate control around security. "Would we be able to ensure that the varieties emerging from the 
breeding science are suited for man and climate?" is the issue that we frequently get. The word 'safe' is a mind 
boggling one, and 'assurance' all things considered. Public administrative plans may contrast, yet clearly, every 
plant breeder is answerable for the security of their items. In any case, plant scientists have not been annoyed 
by that responsibility much until hereditary adjustment tagged along, when broad tests were acquainted with 
test safety. 

How Safe Is Plant Breeding? 

However, would we be able to ensure that our products are protected? Science does a wide range of off-kilter 
things (it even made the human species). We are an extremely long route from seeing every single metabolic 
pathway, all G × E interactions, or even all substance mixes in plants. With the testing conventions for GMOs 
society made a norm for wellbeing, yet a security ensure is inconceivable. Many plant scientists have obviously 
demonstrated that it is conceivable to demonstrate that something is not safe – there is no logical approach to 
demonstrate security. That is valid for hereditary alteration (or quality altering besides) yet additionally for 
ordinary plant rearing.  

Since biological science is mind boggling and unpredictable, why at that point have we not run into a wide range 
of food safety issues in plant breeding over the recent past 150 years (let’s assume that logical plant breeding 
began with Mendel)? Is it since nature is so considerate? Is it on the grounds that our insight into plants is 
profound to such an extent that we know all dangers? Or on the other hand is something different having an 
effect on everything?  

First – nature is by definition perilous. Plants in nature that secure themselves through physical (thistles, hairs, 
cell divider attributes), synthetic (poisons, attractants, anti-agents) or biochemical/hereditary (protections, 
CRISPR) implies have an upper hand in advancement. Humankind has maintained a strategic distance from the 
initial two components to an enormous degree while choosing the plant domestication. In any case, many 
people eat cassava with cyanide, beans with lectins and quinoa with saponins, yet fortunately, we have figured 
out how to handle such nourishments to avoid intoxication.  

With regard to our knowledge of biology, we know that mutations occur every day during but also after variety 
development. These may create new or divert existing metabolic pathways in the cell, which may finally produce 
toxins or allergens. Such unexpected effects may also occur with new farming systems (e.g. fertilization) or food 
processing methods (Niels Louwaars, 2019).  

We have not experienced major food safety crises because of plant breeding – possibly with the exception of a 
recent casualty in Germany of a person dying of eating too much of his home-bred squash (Garden Drum 
Magazine, 2015). The answer is that apparently plant breeding is safe by design. Professional breeders know 
their crop – they know when toxins occur in the genus that they work with. For instance, potato (nightshade 
family) breeders realize that they may run into inconvenience when crossing with wild Solanum species. In the 
Netherlands, breeders have presented a norm for solanine levels in the varietal development method thus 
(Esposito et al., 2002). Secondly, haphazard emergence of toxins in food crops apparently does not happen. I 
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guess that this is because mutations that would induce such pathways would likely also create other ‘off type’ 
characters that the breeder will identify in the selection processes. Furthermore, such additional pathways 
would probably include some major disadvantages to the plant. They probably don't have a potential for success 
in yield preliminaries, along these lines, inverse to nature, such plants do have a evolutionary disadvantages in 
plant breeding. 

What do we gain from this? Plant breeding has proven to be safe over years and utilizing a variety of breeding 
methods (kaisera et al., 2020). On the off chance that plant breeding doesn't deliver any totally novel plants 
that couldn't create through conventional plant breeding, and when the plant breeding system keeps on 
including breeders with plant (taxonomy) close to (bio) innovative information, and uses several field trails 
before a new variety is released to farmers, at that point we ought to have the option to certainly acknowledge 
our duty to create safe items.  

When, in spite of that, society needs broad hereditary and biochemical tests, not to mention taking care of field 
trails, for results of quality altering, society ought to understand that this may give a safe feeling instead of a 
safety guarantee. Since such varieties are not significantly different as traditionally reproduced ones, it would 
then be sensible to apply such tests to every single new variety. Society at that point needs to understand that 
consumers at long last bear the expenses, accept the few varieties (biodiversity) will be delivered and that less 
plant breeders will have the option to manage the lawful and money related complexities of such tests. 

Conclusion 

How protected is plant breeding truly? Certifications don't exist in science, Guarantees do not exist in biology, 
but the risk assessment that breeders, implicitly or explicitly apply has proven that we operate very responsibly. 
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Introduction 

Insects are the most dominant and diverse group of organisms that attract our attention by their beautiful and 
striking colour patterns. From brightly coloured wings of butterflies, striking spots of coccinellids to the metallic 
sheen of jewel beetles, insects exhibit a variety of patterns and optical effects. Colouration in insects depends 
upon both pigments and structures. Several classes of pigment exist and they are responsible for a variety of 
insect colours. Most whites, blues and metallic colours are due to the physical structure of the cuticle surface. 
Colours play a vital role in metabolic processes like metamorphosis, thermoregulation and sometimes, 
excretory products are stored in a coloured form. They assist in intra-specific recognition, mating, camouflage, 
crypsis, mimesis and countershading, thus also reducing the risk of predation. 

Nature of Colouration 

The variety of colors exhibited by insects naturally falls into two categories: Physical colors and Pigmentary 
colors. 
1. Physical colors: Surface structures are mainly responsible for the whites, blues and iridescent colors. Such 
colors may be produced by: 

a. Scattering: Light may be scattered and reflected in all directions by the irregular surfaces. When the 
irregularities are large and relative to the wavelength of light, all light is reflected and the surface 
appears white. If the granules near the surface are very small with dimensions similar to the wavelength 
of blue light, the short, blue waves are reflected while the longer wavelengths are not. This type of 
scattering is called Tyndall scattering and produces blue or green. Tyndall blues are uncommon in insects 
but the blue of dragonflies is produced in this way. White color in Lepidoptera (Pieridae) is also because 
of scattering (Stavenga et. al., 2004).  

b. Interference: Results from the refection of light from a series of superimposed surfaces separated by 
distances comparable with the wavelengths of light. As a result of this spacing, some of the wavelengths 
reflected from successive surfaces will be in phase and so are reinforced, while others are out of phase 
and are canceled out. The net result is that only certain wavelengths are reflected and the surface 
appears coloured. The wavelength of the reflected colour depends upon the refractive index of the 
material and the distance between the reflecting surfaces. Interference is common in lepidopterans, 
being produced by the scales.  

c. Diffraction: Series of fine grooves or ridges separated by spaces corresponding with the wavelength 
of light will split white light into component spectral colours. This is called diffraction. Diffraction is not 
produced in dim light and beetles which iridesce in bright light look black or brown at low light 
intensities. Colours produced by diffraction occur in at least 19 groups of beetles. 

2. Pigmentary colours: Pigmentary colours results from the molecular structure of certain compounds. Double 
bonds such as C=C, C=0, C=N and N=N are important in the production of colour. Sometimes –NH2 , -Cl radicals 
shift the absorptive surfaces and longer waves are absorbed. 
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Fig. 1 Major classes of pigments and structure-based colours in insects (Badejo et. al., 2020) 

a. Blue and black colour of cuticle: The blue and black colour of the cuticle is mainly due to the melanin 
pigment. Melanin synthesis, like sclerotization involves tyrosine and dopaquinone. Due to excess 
sclerotization of quinones, it polymerized to melanin. The dark colour of cuticle is diffuse, but typically 
melanin occurs in granular form. Hardening of cuticle includes cross-linkage between the molecules of 
proteins and quinone providing the links and some darkening does not result from this tanning process. 
However, hardening and darkening may be independent of each other. Thus, albino Schistocera has a 
hard cuticle but colourless and when a normal locust moults it exhibits some dark markings before it 
hardens. This suggests that darkening may involve some deposition of melanin.  

b. Carotenoids: Carotenoids are the major group of pigments, soluble in fats and containing no nitrogen. 
They are built up from isoprene units, plant origin and are not synthesized by insects. There are two 
groups: the carotenes, and their oxidized derivatives –the xanthophylls. Yellow, red and orange are 
commonly produced by carotenoids. The yellow of larval and mature adult Schistocera is produced by 
beta carotene whereas, the yellow, red and orange colour depends largely on the form of terminal 
isoprene unit residues whether they are or not in the form of closed ring and the degree of instauration. 
The red colour of Coccinellla is due to alpha and beta carotene forming the lycopene.  

c. Pterines (pteridines): Nitrogen-containing compounds, important metabolically as cofactors of 
enzymes concerned in the growth and the differentiation and they may act as a controlling agent in 
these processes. White (leucoprotein), yellow (xanthopterin) and red (erythropterin) are produced by 
pterines, xanthopterin being the widely distributed. Pterines may be synthesized from purines. Pterines 
namely, xanthopterin and leucopterin are most commonly present in the wings of Pieridae (lepidoptera). 
They are also an important eye pigment occurring with ommochromes in the accessory pigment cell 
separating the ommatidia. In Drosphila, about 5 pterines have been isolated from the eye.  

d. Ommochromes: Ommochromes are a group of pigments derived from the amino acid tryptophan via 
kynurenine and 3-hydroxykynurenine. Oxidative condensation of the 3-hydroxykynurenine gives rise to 
the ommochromes. Yellow, red and brown colours are produced by ommochromes in the epidermis. 
Their production is often associated with unusually high levels of tryptophan in the haemolymph. They 
are widely distributed in insects as masking pigment in the accessory cells of eyes serving to isolate the 
ommatidia and are usually associated with pterines. The red colour of the meconium in lepidotera and 
red faecal pellets are produced by locusts during starvation or moulting are due to the presence of 
ommochromes.  

e. Quinone pigments: The quinone pigments of insects fall into two different categories: 
Anthraquinones and Aphins. 

i. Anthraquinones are formed by the condensation of three benzene rings and three of these 
pigments, each produced by a different coccid, used to important as commercial dyes. The best 
known is cochineal from Dactylopius cacti. The purified pigments are called carminic acid. 
ii. Aphins are quinone pigments formed by the condensation of seven benzene rings. They are 
found in the blood of aphids (Lipaphis erysimi), sometimes in high concentration impart a purple 
or black colour to the whole insect. 

f. Flavones (anthoxanthins): These are plant pigments but found in a few insects. Flavones are 
responsible for the red colour of the bugs (Leptocoris) and also occur in Lepidoptera. 
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Conclusion 

It can be concluded that both surface structure as well as pigments, impart colours to the insect leading to their 
enormous diversity. Also, insects have evolved these colours over a period of time for various purposes 
including species and mate recognition, mimicry, camouflage and many more. Understanding the nature of 
colouration will provide us an overview of several physiological adaptations as well as ecological and 
evolutionary processes of insects. 
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Summary of Article 

Underground rocks or body and or sediments which holds water is known as aquifer. Aquifer information 
system provides information about groundwater-quality, surface-water withdrawals as well as physical, 
chemical, hydrological and geological characteristics of aquifer. This information can be used for predictions 
and management of ground water demand for irrigation, domestic and industrial. 

Introduction 

Aquifer mapping is a scientific process which includes a combination of hydrological, hydrogeological, 
geophysical and geological data are integrated to characterize the movement, quality and quantity of ground 
water in aquifers. Systematic aquifer mapping is expected to improve our understanding of the geologic 
framework of aquifers, their hydrologic characteristics, water levels in the aquifers and how they change over 
time, and the occurrence of natural and anthropogenic contaminants that affect the portability of ground water. 
The outcomes of these efforts will help to define a focused area for the research of a sustainable growth 
management strategy, implementation management plan and monitoring of aquifer development. Ground 
water supply evaluation exercises carried out by the Central Ground Water Board have brought to the attention 
of loss of supplies in addition to degradation of production in many parts of India (Central ground water board, 
Gov. of India, 2018). This is attributable to an increasing reliance on ground water to fulfil water needs 
attributable to its pervasive existence, low construction costs, lack of understanding of the aquifer’s reaction to 
pumping and other pressures and lack of an appropriate regulation and control act. Thousands of tube wells 
pump ground water around the clock to satisfy different water needs. As a result, many new areas are 
witnessing water stress every year. In India development of ground water is governed by public domain as per 
requirements and availability. Consequently, less attention has been granted to the aquifers. Mapping aquifers 
is to be done for the whole country by combined participation of institutions, organizations, NGOs other 
stakeholders. A plethora of aquifer data has been developed over the years through the work of state and 
central agencies, research institutions and universities, NGOs, etc. Various ground water related thematic maps 
are available on a scale of 4:250,000 in our country. Accelerated aquifer knowledge production would require 
considerable investment in planning field work with state-of-the-art techniques and facilities, with a committed 
team of central and state agencies. The establishment of a resource center with local community involvement 
in the adoption of the aquifer growth plan would also entail investment. 

Need for Aquifer Mapping 

Various development activities over the years have adversely affected the ground water regime in many parts 
of the country. There is a need for scientific planning in development of ground water under different 
hydrogeological situations and to evolve effective management practices with involvement of community for 
better ground water governance. Though a vast amount of hydrological and hydrogeological data has been 
generated through scientific investigations by Central Ground Water Board and other Central/State agencies, 
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these mostly pertain to administrative units and have addressed the issues of the whole aquifer systems in very 
few cases. In view of the emergent challenges in the ground water sector in the country, there is an urgent need 
for comprehensive and realistic information pertaining to various aspects of ground water resources available 
in different hydro-geological settings through a process of systematic data collection, compilation, data 
generation, analysis and synthesis. 

Approach and Methodology 

National Aquifer Mapping Programme aims at characterizing the geometry, parameters, behaviour of ground 
water levels and status of ground water development in various aquifer systems to facilitate planning of their 
sustainable management. The major activities involved in this process include compilation of existing data, 
identification of data gaps, generation of data for filling data gaps and preparation of aquifer maps. The overall 
methodology of aquifer mapping is presented in Fig.1. Once the maps are prepared, plans for sustainable 
management of ground water resources in the aquifers mapped shall be formulated and implemented through 
participatory approach involving all stakeholders. 

Classification of Aquifers 

Aquifers are typically classified into two broad categories, namely confined aquifers and unconfined aquifers. 

Fig.1. Methodology of aquifer mapping 



 

 
Volume 3 - Issue 01 - January 2021       115 | P a g e  
 

1. Confined aquifers: Water bodies that have been observed to settle in a permeable rock and are surrounded 
by two impermeable layers of rock or rock are known as confined aquifers. Confined aquifers some time 
referred as "Artesian aquifers" that could be seen most above the base of confined rock layers. The non-
permeable and identified geological boundaries between the aquifer cause the water within it to be under a 
pressure considerably high than the ambient pressure. Punctured wells derived from artesian aquifers from 
their sources have fluctuations in their water levels due more to changes in pressure than to the amount of 
stored water. 

2. Unconfined aquifer: Unlike confined aquifers, unconfined aquifers are typically situated above the land 
surface and have no sheets of clay above the water table, even though they are observed to lie relatively above 
impermeable rock layers of clay. The upper boundary of groundwater in an unconfined aquifer is the water 
table, although the groundwater in an unconfined aquifer is more prone to pollution from surface pollution 
relative to that of confined aquifers due to fast groundwater infiltration by soil contaminants. 

Physical Properties of Aquifers 

These properties are used in the description and classification of aquifers. Some of the considered properties 
are: 
1. Porosity: In simple words, porosity is the amount of empty space in a rock. It may also be defined as the 
volume of pores divided by the total volume of the rock matrix within a rock or soil sample. It is written either 
as a decimal fraction of 0 to 1 or as a ratio (Salako and Adepelumi, 2018). Porosity ranges from less than 1 
percent to 40 percent for most rocks. A rock's porosity is based on many factors, including the form of rock and 
how a rock's grains are organised. 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 =  
𝑉𝑝𝑜𝑟𝑒 𝑠𝑝𝑎𝑐𝑒

𝑉𝑡𝑜𝑡𝑎𝑙
 ×  100 

2. Hydraulic conductivity: Hydraulic conductivity is also widely known as rock or rock material permeability 
which is the ability to allow groundwater to flow into it. Hydraulic conductivity may also be defined as the 
relative ease with which a fluid moves through a medium that is very distinct from inherent permeability in that 
it does not affect the temperature, pressure or fluid flowing through the geological formation, although it 
defines the water-transmitting property of the medium. Hydraulic conductivity depends on the properties of 
the medium, i.e., parent material of rocks, features of the water, as a result, different rocks have different 
hydraulic conductivities. Hydraulic conductivity may be defined by the following formula: 

𝐾 =  𝑘
𝜌𝑔

𝜇
 

Where,  
K = hydraulic conductivity (cm/s),  
ρ = density of fluid,  
k = intrinsic permeability,  
μ = dynamic viscosity of fluid. 

3. Transmissivity: Transmissivity may be defined more clearly as the water-transmitting property of aquifers. In 
groundwater flow modelling, aquifer transmissivity is a valuable parameter. It may also be defined as the 
quantity of water that can be conveyed horizontally through the aquifer. This could be mathematically 
described as the following: 

𝑇 =  
1

4
𝐾𝑏 (𝑚2 𝑑𝑎𝑦)⁄  

Where,  
T = transmissivity,  
K = hydraulic conductivity,  
b = saturated thickness of the aquifer. 
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Aquifer Characterization 

It may be accomplished by a variety of techniques, from which main two of them are given below. 
1. Electrical techniques: In geophysical studies using electrical methods, two main properties of interest are 
electrical conductivity or dielectric constant. Electrical techniques make includes the sound mode of data 
collection and profiling. Both require the use of low-frequency altering currents or direct currents flowing across 
the subsurface. Although, term profiling which includes inferring subsurface measurements, depend on lateral 
shifts in electrical properties over a consistent subsurface. 

2. Ground waves techniques: Ground wave propagation is a radio wave propagation process that uses the area 
for transmission between the earth's surface and the ionosphere. The ground wave will travel a significant 
distance across the surface of the earth, especially in the low frequency and medium frequency portions of the 
radio spectrum. Ground Penetrating Radar as a geophysical tool is relatively recent and increasingly likely in 
understanding the activities of the near-surface or shallow subsurface. It may also be used as a non-destructive 
geophysical tool due to its effective geological uses in urban and vulnerable ecosystems. 
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Belladonna (Atropa) belonging to the family Solanaceae comprises four species of medicinal plants. Out of these 
four species the commercial drug is obtained from the leaves, flowering tops and roots of A. belladonna Linn. 
Commonly called `Deadly Nightshade' and A. acuminata Royle, often referred as `Indian Atropa' or `Indian 
Belladona'.  

The genus name Atropa has been derived from `Atropos' the Greek Goddess of death, whereas, the word 
belladonna is derived from the Latin word `Bella' meaning beautiful and `Donne' meaning woman.Although in 
most of the countries of the world the drug is obtained from A. belladonna, in India all the Belladonna comes 
from plantations which are a mixture of A. belladonna and A. acuminata.  

Leaves and roots of belladonna contain tropane alkaloids whose concentration varies from 0.13 to 0.7 per cent 
(average 0.45%).  

A. belladonna contains alkaloids, chiefly l-hyoscyamine and small amounts of atropine, its optically inactive 
isomer and small amounts of hyoscine (scopolamine). In addition, there are small quantities of volatile bases, 
such as pyridine and N-methyl-pyrroline. The leaves also contain ß-methyl esculetin (scopoletin), succinic acid, 
asparagin etc.  

A. acuminata leaves contains 0.45 per cent hyoscyamine and non-alkaloidal volatile bases to be not greater 
than in A. belladonna. The roots of A. acuminata contain 0.20-0.8 per cent hyoscyamine (0.47% is the average) 
and nonvolatile alkaloids (0.4%). 

Varieties 

There are no named varieties reported under this crop except for the workers at Regional Research Laboratory, 
Srinagar who have selected plants containing 0.60 per cent alkaloids in A. belladonna. 

Soil 
Belladonna grows well in slightly acidic, deep fertile, soils of medium texture, and rich in humus. Heavy clay soils 
which are water-logged should be avoided. 

Climate 

Belladonna is a temperate plant. It behaves as a perennial in temperate climates and gives maximum herbage 
and alkaloid yield. In sub-tropical areas it can be grown as a winter crop. However, the plant behaves as an 
annual as it dies during the summer months and hence the yield is poor. 

Cultivation 

1. Propagation: The crop is propagated through seeds extracted from berries collected usually from September 
to November. About 4 kg of seeds will be required to raise seedlings for one hectare of land. The germination 
is very poor and takes 3-6 weeks for the seeds to germinate.  

Hence, the seeds may be treated with 80 per cent sulphuric acid at the time of sowing for 2 minutes to improve 
the germination. Stratification of seeds on wet sand under 5 to 12OC or - 2 to 2OC for 10-40 days has given high 
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percentage of germination in other countries. Vegetative propagation by root division from 3-4 years old 
belladonna is also suggested by Drug Research Laboratory, Jammu and Kashmir.  

2. Nursery raising: Belladonna has been cultivated by direct sowing, but raising nursery gives best results. The 
nursery may be raised from the second week of May to the end autumn (September to October) and summer 
under sufficient shade. Before making the nursery beds, the land should be ploughed well so as to give a fine 
tilth. 

Raised beds of size 3 m x 1 m may be made surrounded by drainage and irrigation channels. Well decomposed 
farm yard or sheep manure should be mixed in the top 10 cm of the soil. Seeds pre-treated with fungicides like 
Dithane M-45 or Agallol (10 g per kg of seeds) may be mixed with fine soil in 1:40 ratio to ensure uniform sowing 
and broadcast (@ 200 g seeds/m2) in the nursery beds and covered with a layer of farm yard manure and then 
with straw. 

The beds may be watered immediately after sowing with a rose can and daily thereafter. The seeds normally 
germinate within 3 weeks with good germination percentage and the seedlings will be ready for planting in the 
main field when they attain a height of 15-20 cm after 8-12 weeks.  

3. Land preparation: The land is prepared well and brought to a fine tilth with the help of tractors and organic 
manure at the rate of 25 tonnes per hectare to begin with is mixed with the soil.  

4. Broadcasting: About 20 kg seeds are required for sowing one hectare of land by broadcasting.  

5. Transplanting: The ideal time for planting in the field is early spring (March-April) or autumn (October- 
November). Generally, seedlings raised in autumn are planted in spring and those raised in summer are planted 
in autumn. Before planting, the seedlings are treated with fungicide like Agallol. 

Thereafter seedlings are planted at a spacing of 50-60 cm in rows kept 60-70 cm apart. It is always safer to plant 
the seedlings on raised beds with 1-meter-wide strips or ridges as it avoids water logging and facilitates 
irrigation. The field may be irrigated immediately after transplanting.  

6. Fertilizer application: Belladonna is an exhausting crop hence a basal dose of 25-40 kg of nitrogen, 40-60 kg 
of P2O5 and 30-50 kg of K2O per hectare is supplied. An additional dose of 60-80 kg of nitrogen is applied in 3-4 
split doses as top dressing at monthly intervals after every harvest. Application of heavy doses of nitrogen gives 
good crop of leaves and also increases their alkaloid content.  

From one year after planting basal dose of nitrogen and phosphorus should be repeated every year in the 
beginning of the spring season (March-April), which is followed by top dressing of nitrogen. Micro nutrients 
have been found to affect the growth. It is better to irrigate the field after each application of fertilizers if there 
is no rain.  

7. Irrigation: Belladonna has a high-water requirement and it should be irrigated frequently once in 1015 days 
during dry period. Normally 6-7 irrigations are required during the dry months. Care should be taken to avoid 
water-logging, while irrigating.  

8. Interculture and weeding: The crop should be kept free from weeds by frequent weeding and hoeing. One 
hand weeding is necessary when the plants are young. Tractor drawn cultivator or hoe may be employed for 
later weeding.  

9. Harvesting: The first harvest of leaves is available three months after planting. Initial yield is poor because of 
fever number of branches. The yield of leaves increases after the first cutting. Harvesting should be done as 
soon as the shoots start flowering, as it is the period when alkaloid content is higher. 

The leaves are cut with the help of cutter (pruning scissors) about 30 cm above ground level as against 7.5 cm 
above ground level done earlier. During the first year 3 to 4 crops of leaves are obtained. Usually, the crop will 
be retained for 3 to 4 years after which new planting may be taken up.  

10. Drying: The leaves are dried immediately after harvest under shade or sun or wire racks taking care to see 
that the dried leaves remain green. The leaves may also be dried with artificial heat with or without fans for air 
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circulation. The harvested leaves are spread in thin layers and turned frequently while drying. The woody stems 
are discarded before drying. Prolonged drying reduces the alkaloid content.  

The roots are harvested after 3 years. After harvest, they are washed, cut into 4 inches length splits long wise if 
thick and shade or sun dried. The dried crop is pressed hydraulically into large hessian cloth bags and stored in 
cool dry place away from light or are transported to processing units.  

11. Yield of herb and roots: During the first year an average of 6 quintals of dry herb are obtained. The yield 
increases 12 to 15 quintal per hectare during 2nd and 3rd year. The yield of dry roots will vary from 1.7 to 3.35 
quintals per hectare. 
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Botanical name: Polianthes tuberosa L. 
Family: Amaryllidaceae. 
Chromosome no: 2n= 60. 
Origin: Mexico. 

Introduction 

Tuberose (Polianthes tuberosa L.) is one important cut flower and also a loose flower. It plays an important role 
among all ornamental bulbous plants which comes under genus Polianthes and having 14 species out of which 
P. tuberosa is commercially cultivated and it belongs to the family Amaryllidaceae. It is native to Mexico from 
where it reached to the different parts of the planet. The tuberose is derived from Greek word ‘Polios’ that 
means shiny or white and ‘Anthos’ meaning flower. Tuberose having haploid chromosome number 30. It is 
commonly known as Rajanigandha in Hindi and in Kannada it is known as Sugandharaja. 

In India, it is grown in different parts but commercially grown in Southern and Western parts like Tamil Nadu, 
Karnataka, Andhra Pradesh, Kerala, Telangana, Maharashtra, Gujarat, Madhya Pradesh and West Bengal. 
Among which West Bengal stands first in area and production in India where as in Asia India occupies second 
position. 

Total area under floriculture in Madhya Pradesh is About 17.72 thousand hectares, which produces 203.21 MT 
of loose flower and 10.88 MT of cut flowers production per year in Madhya Pradesh (Anonymous, 2018-19). 

General Information 

Tuberose is hard tolerant perennial crop. This is having shallow and adventitious root system. In tuberose the 
stem is modified into bulbs and bulblets which are used for the purpose  of propagation. The bulbs are covered 
with scales and leaf base. The stem is covered with leafy sheaths. The colour of the leaves is light green (Singh 
et al., 2018). The inflorescence of tuberose is called spike. This will be of 25±10 pairs of florets which usually 
open from bottom to top i.e., acropetal. Flowers are usually inverted cone shape and are highly fragrant, the 
flowers are white in colour and having waxy appearance. The fruit of tuberose is called capsule (Naik et al., 
2018). 

Improved Varieties 

 

There are mainly two types of varieties in tuberose, which includes single and double types. The single type 
varieties bear pure white with just one row of corolla segment and having fragrance. Example of the single type 
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varieties are Arka Nirantra, Calcutta Single, GK TC- 4, Hyderabad Single, Mexican Single, Phule Rajani, Prajwal, 
Pune Local Single, Shringar, Sikkim Selection-6. Whereas double type flowers are white in colour with red ting 
at bud stage, the corolla segment of more than 3 rows and double type varieties have fragrance and some have 
not, example of double type varieties are Calcutta Double, Pearl Double, Pune Local Double, Suvasini, Swarna 
Rekha, Vaibhav (Bhattacharjee S.K. and De L.C., 2013). 

 

There are so many good varieties of tuberose available with excellent inflorescence of long length and varying 
number of floret size and good keeping quality, resistance to pest and diseases. So, it is very much necessary to 
evaluate tuberose cultivars for their region-specific suitability. 

Properties and Requirements 

Tuberose thrives well in warm and humid conditions. The medium range of temperature, relative humidity and 
rainfall required for the optimum growth of the plant. The ideal temperature for tuberose cultivation is 200C to 
300C while above 400C and below 100C retards the growth and development of the crop. It grows well in tropical 
and subtropical climatic condition. The tuberose does not come up well in temperate condition so it is limitedly 
grown in temperate condition. Well drained loamy and sandy loamy soils are best suitable for tuberose 
cultivation. The soil temperature around 200C suitable for maximum root growth (Singh and Sisodia, 2017). 
Optimum soil pH for flower is 5.5-6.0 (Ganesh et al., 2013). Tuberose is propagated through bulbs. Usually they 
are spindle shaped, an average diameter of 1.5 cm bulb should be preferred for propagation. In our country it 
is mostly planted in the month of February–March in plain regions where as in hills it is planted in April-May 
(Singh and Sisodia, 2017). 

Uses 

Tuberose crop is commercially grown for the ornamental, aesthetic and oil extraction purpose. It is having more 
demand in international market for its fragrance in making perfumes. In India it is having a major role in making 
flower arrangement, bouquets, indoor decoration, and garlands and also used as cut flower. Tuberose may be 
used in religious functions as well as auspicious occasions. The single tuberose flower types are usually used for 
oil extraction purpose. The flowers are also used in table decoration purpose during parties. The economically 
grown tuberose which is valued much for aesthetic purpose. The tuberose occupies very special and selective 
position because of its pleasant sweet fragrance. 

Conclusion 

Flower cultivation as the most beneficial occupation in horticultural crops because of its greater capacity and 
returns and also the market for flower rises year by year due to liberalisation of economy and the globalisation 
of trade. The flower tuberose that has great demand due to high returns per unit of production is gaining 
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popularity. It is really very helpful for the farmers of Malwa Plateau region of Madhya Pradesh for their 
sustainable economic balance. 

References 
1. Anonymous, 2018,  India Horticulture Database, http:www.nhb.gov.in. 
2. Bhattacharjee, S.K. and De, L.C.  (2003). Advanced Commercial Floriculture, Aavishkar Publishers, Jaipur 323 (Rajasthan) India. 
3. Ganesh, S.; Soorianathasundaram, K. and Kannan,  M.  (2013). Studies on effect of plant growth regulators and micronutrients on growth, floral 

characters and yield of tuberose  (Polianthes tuberose L.) cv. ‘Prajwal’. The Asian Journal of Horticulture.  8(2): 696-700. 
4. Naik, B.C.; Kamble, B.S.; Tirakannanavar, S.; and  Parit, S. (2018). Evaluation of different genotype of tuberose (Polianthes tuberosa L.) for 

growth, flowering and yield characters. International Current Microbiology and Applied Science. 7(7): 4135-4141. 
5. Singh, A.; Singh, A.K.; Sisodia, A.; Padi, M. and  Pal, A.K. (2018). Evaluation  of tuberose cultivars for post-harvest   characters. Journal   of 

Pharmacognosy and phytochemistry.  7(4):1310-1312. 
6. Singh, A.K. and  Sisodia, A. Textbook of Floriculture and Landscaping. (2017). New India Publishing Agency, New Delhi. 415. 
  



 

 
Volume 3 - Issue 01 - January 2021       123 | P a g e  
 

Physiological Basis of Growth, Yield and Quality of Vegetable 
Influenced by Chemicals or PGRs 

Article ID: 10040 
Prof. Bhakti B. Panchal1, Prof. S. J. Trivedi2 

1Scientist (Horticulture), 2Scientist (Agronomy), 
Krishi Vigyan Kendra, NAU, Surat. 

         

Summary 

Physiological basis of plants which refers to which increase or stimulate the growth of the plant as well as 
increasing the yield with the quality. By these bases, regulate the all over the plant’s growth and development. 
Application of PGRs increases and decreases the plant process, stimulating the favourable growth of the plant. 

Significance of Chemicals or PGRs on Physiological Basis 

1. Application of chemicals on plants, 
2. Increase or decrease the leaf area, leaf size, leaf thickness, fruit setting, fruit weight, fruit size, increase the 
branches, increase the node number by reduce the internodal length, increase the root uptake, quality of fruit, 
increase the shelf life of commodity, etc. 
3. Lastly, increase the yield of plants with the quality of fruits. 

Plant Growth Regulators (Plant Hormones) 

1. An organic compound and small in quantity. 
2. Can be natural or synthetic. 
3. It modifies or controls one or more specific physiological processes within a plant. 
4. But, the sites of action and production are different. 
5. If the compound is produced within the plant it is called a phytohormone  
6. Substances applied externally also can bring about modifications. 
7. A large number of chemicals tend to increase the yield of certain plants such as corn and sugarcane. 
8. Both internal plant hormones and lab created hormones are called plant growth regulators. 
9. Hormones usually move within plant from a site of production to site of action. 

Role of Plant Growth Hormone in Vegetable Production 

The role of plant regulators in various physiological and biochemical processes in plants is well known. Growth 
regulators are known to affect, Seed germination, Seed dormancy, Vegetative growth, Nodulation, 
Tuberization, Fruit ripening and yield, Hybrid seed production, Fruit setting and fruit size: 
1. Auxin- Agricultural Uses: Rooting of the cuttings, Prevention of pre-harvest fruit drop, Parthenocarpic fruit, 
Fruit setting, Controls of flowering, Defoliation of the plants, Prevention of abscission, Thinning of compact 
fruits and Selective weed killers. 

2. Gibberellins applications: Germination, Rooting, Leaf expansion, Hyponasty of leaves, Flowering, 
Parthenocarpy, Fruit setting & size, Fruit drop, Stem elongation, Pollen germination and Break the dormancy. 

3. Cytokinins application: Cell division, Increase the Shelf life of fruits, quickening of root induction, Increasing 
the yield and oil content in groundnut, breaking dormancy and Delaying the senescence. 

4. Application of ABA: Bud dormancy, Senescence, Abscission, Flower initiation, Stomatal physiology, Release 
of ethylene, Counteract GA and Stress hormone. 
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5. Ethylene A ripening hormone: Abscission, Natural ripening and climacteric rise, de-greening of citrus and 
banana, Ripening, Sex expression in cucurbits, Floral development and Mechanical harvesting. 

6. Other known hormones: 
a. Brassinolides: Found in the rapeseed. They promote cell elongation and cell division, differentiation 
of xylem tissues, and inhibit leaf abscission. Plants that are deficient in brassinolides suffer from 
dwarfism. 
b. Salicylic acid: Activates genes in some plants that produce chemicals that aid in the defense against 
pathogenic invaders.  
c. Jasmonates: Are produced from fatty acids and seem to promote the production of defense proteins 
that are used to fend off invading organisms. They are believed to also have a role in seed germination, 
and affect the storage of protein in seeds, and seem to affect root growth.  
d. Batasins: They have been isolated from yam plants (Dioscorea batatus) that cause dormancy in 
bulbils. 

7. Morphactins: 
a. Which are also a group of plant growth regulators but it’s not naturally. 
b. Like, chlofluron, chlorflurenol, dichlorflurenol, flurelol, etc. 

Use of PGRS in Vegetables 

No Name of PGRs Conc. 
(mg/l) 

Mode of 
application 

Vegetable crop Mode of action 

1 Cycocel (CCC) 250-500 Foliar application Cucurbits, 
Tomato, Okra 

Setting of Flowering, Sex 
modification, Increase 
Yield. 

250 Seed treatment Okra Increase Yield, Salinity 
tolerant. 

250 Seedling 
treatment 

Tomato Resistance to virus, Fruit 
setting, Increase yield. 

2 CIPC 5000 Storage spray Potato Increase shelf life. 

3 PCPA 40-50 Foliar spray Brinjal, Chilli Promote growth, increase 
yield, Increase flowering 
and fruit setting, Retard 
fruit drop. 

30 Open flower 
dipping  

Tomato Increase fruit set during 
rainy season in NVPH. 

4 2-4, D 2-5 Foliar spray Tomato Increase fruit setting and 
yield. 

20-50 Foliar Spray Tomato, Brinjal Increase growth, increase 
flowering and Fruit setting, 
Increase yield. 

2-5 Foliar spray Brinjal Increase flowering, Fruit 
setting & yield. 

5 2 chloro ethyl 
phosphonic acid 
(Ethaphon, 
Ethrel) 

100-200 Foliar spray Cucurbits, Okra, 
Tomato 

Increase female flowering, 
fruit setting, Sex 
modification. 

100-200 Foliar spray Okra, Tomato Increase Growth and yield. 

1000 Foliar spray Tomato, Chilli Ripening of fruit, Increase 
yield, control ripening. 
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  20 Seed treatment Bitter gourd Increase female flower and 
Yield. 

6 Ethylene chloro 
Hydrin 

20 g Steam treatment Potato, EFY, 
Sweet potato 

Breaking Dormancy. 

7 GA3 1 Dipping (for 1 
hour) 

Potato Breaking dormancy. 

10 Foliar Spray Water melon, 
Tomato 

Sex modification, Fruit 
setting, Increase yield. 

20 Dipping (for 10 
min) 

Parwal Increase storage life upto 8 
days. 

25 Foliar spray Capsicum For Fruit setting. 

400 Seed treatment Okra Germination. 

40-100 Seed treatment or 
Foliar spray 

Okra, Tomato, 
Brinjal 

Seed germination, Increase 
Fruit setting and yield. 

8 IAA 10-15 Seed treatment or 
Foliar spray 

Fenugreek, 
Palak, Okra, 
Tomato, Brinjal, 
Cow pea, Onion 

Increase seed germination, 
Fruit setting and yield. 

9 IBA 0.2% Seedling dipping Cabbage, Cauli -
flower 

Setting of seedling and 
better growth and 
development. 

25-100 Foliar spray Lettuce, Chinese 
cabbage 

Increase growth and Yield. 

250 Foliar spray Cow pea Increase Pod setting and 
yield. 

10 MH  25 Foliar spray Pea Increase growth and 
development. 

50-150 Foliar spray Cucurbits Increase flowering and fruit 
setting, Modification of sex 
and Increase yield. 

2500-3000 Foliar spray Onion, Garlic Increase storage life. 

50-200 Foliar spray Cow pea Setting of pod and Increase 
Yield. 

0.1 % Dipping for 10 
min. 

Yam Sustain the dormancy. 

11 Mixtalol 2 Foliar spray Tomato, Brinjal, 
Chilli, Potato 

Increase Flowering, fruit 
setting and yield. 

12 MENA (Methyl 
Ester of 
Nepthalin Acetic 
Acid) 

5000 Tuber dipping Potato Increase storage life. 

13 NAA 0.2% Seedling dipping Cabbage, Cauli- 
flower Tomato, 
Brinjal, Onion 

Setting of seedlings, 
increase growth and yield. 

20 Seed treatment Okra Seed germination. 

50 Foliar spray(3 
spray) 
1st March, 

Parwal Increase fruit setting and 
yield. 
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1st April, 1st May 

50 Foliar spray Capsicum Fruit setting. 

50-75 Seed treatment or 
Foliar spray 

Okra, Brinjal, 
tomato, Chilli, 
Onion, 
Cucurbits 

Increase seed germination, 
growth, yield, increase 
flowering and fruit setting, 
retard flower drop. 

100 Foliar spray Cabbage, Cauli- 
flower 

Increase growth and yield. 

14 Napthoxy Acetic 
acid 
(NOAA) 

25-100 Seed treatment or 
foliar spray 

Okra, Tomato Increase seed germination, 
growth and Yield. 

15 2-4-5, T 75-125 Foliar spray Potato Increase storage life 

16 AgNO3 500 Foliar spray Cucumber Increase male flower in 
female line. 

17 Silver 
thiosulphate 

400 Foliar spray Musk melon Increase male flower in 
female line. 

18 2-3-5, Tri Io 
Benzoic Acid 
(TIBA) 

25-50 Foliar spray Cucurbits Flower setting and sex 
modification. 

19 Tri contenole 20 Foliar spray All vegetables Increase flowering, growth 
and development. 

20 Thiourea 1000 Tuber dipping (for 
1 hour) 

Potato, EFY Breaking dormancy. 

21 Zeatin 1-2 Foliar spray All vegetables Increase fruit setting, 
growth and development. 

22 Thai diajuron 2-5 Foliar spray Brinjal, Tomato, 
Chilli, Okra 

Increase growth and 
development and fruit 
setting. 

23 Kinetin 50 Fruit dipping (for 
10 min) 

Parwal Increase storage life upto 8 
days. 

24 ABA 20-50 Foliar spray Brinjal, Tomato, 
Okra 

Tolerant to drought. 

10-20 Foliar spray Cucurbits Sex modification and 
increase yield. 

Conclusion 

Lastly concluded that, by the applications of plant growth regulators and other chemicals stimulate the 
expecting growth of the plants. Also increase or decrease the plant growth as per the demand of the markets. 
Also increase the shelf life of fruits and its physical appearance. Regulate the plant processes as per our needs. 
But, time of applications, methods of application and concentration of PGRs are appropriate for the plants. 
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Introduction 

The world population continues to increase and is projected to reach 9.1 billion by 2050 (FAO, 2000). Rapid 
population growth and economic development severely degrades resource such as groundwater depletion, 
water logging, salinization, soil erosion, loss of biodiversity and invasive species further add to food security 
challenges (Oliver and Gregory, 2015). Excessive and inappropriate tillage increases soil degradation and 
erosion (Cerda et al., 2009), reducing soil productivity and soil organic carbon (Lal, 2004). Thus, agricultural 
intensification is needed without further degrading the natural resource base. Furthermore, in the Indian 
context, average farm size is very small and average household member size is large, with poverty and food 
insecurity prevalent among small land-holders (Pradhan et al., 2015). Therefore, introduction and 
implementation of a new agricultural production system should be viewed in the context of enhancing farm 
productivity, environmental quality and profitability of agriculture while also improving household food and 
nutritional security. 

Food security in India is linked to poverty and sustainability. With the country unable to lower the population 
growth rate to below 1% per annum, poverty remains an issue. Low caloric intake, poor health, low agricultural 
productivity and low income are perennial forces in the vicious poverty cycle in India (Varadharajan et al., 2013). 
The issue is not only the availability of food but of its affordability by vulnerable populations in adequate 
quantity and quality. It is imperative to develop a long-term strategy that would reduce the vulnerability of the 
farming community and sustainably intensify agricultural productivity while minimizing the degradation of land 
and natural resources being used. 

Although conservation agriculture (CA) is gradually taking momentum in South Asia, nutrient management is 
still largely based on blanket recommendation made similar to that for conservation tillage system. This may 
lead to, in many cases, sub-optimal crop yields, low nutrient use efficiency, lower economic profitability and 
greater environmental footprints. 

Improving food security, environmental preservation and enhancing livelihood should be the main target of the 
innovators of today’s farming system.  Conservation agriculture, based on minimum tillage, residue retention 
and crop rotations has been proposed as an alternate cropping system combining benefit for the farming 
community and also our society. This paper reviews the conservation agriculture reduces the farmer’s monetary 
investment and also enhance the environmental safety leads to healthy nation food security. 

Conservative Agriculture and Climate Resilience 

Climate-Smart agricultural technologies, such as CA is based on three practices promoted as a means for 
sustainable agricultural intensification: minimum tillage, mulching with crop residue, and crop rotation.  

The goal of these practices is to increase yields through improvements in soil fertility, and reduce risk to yields 
from rainfall shocks (Brouder and Gomez-Macpherson, 2014). Conservation agriculture systems was considered 
to be interesting options to achieve sustainable and intensive crop production under different agro-ecological 
environments because they use efficiently available resources and maintain soil fertility and soil microbes. 
However, this mostly results from the permanent presence of an organic mulch on the soil surface and the 
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incorporation of cover crops in the rotations. Such modifications require important reorganization of the 
production process at farm level, and when facing technical or socio-economic constraints, farmers usually 
follow only the three main principles of conservation agriculture. 

Minimizing or Suppressing Soil Tillage 

In conservation agriculture systems, the soil should ideally never be tilled, or as little as possible. It’s better to 
had a cohesion between soil aggregates, decrease soil organic matter mineralisation and allow the growth of 
soil biota. While zero tillage is considered as the ideal, in many cases, however, farmers use reduced tillage, 
especially when they start to shift towards the practice of CA. Protecting the soil surface through mulch Under 
CA, crop residues or cover crops should be maintained on the soil surface as a dead or live mulch. The target is 
to protect the soil against weather aggressions and water erosion, to maintain soil moisture (Lal, 2004) to 
suppress weed growth and to provide shelter and food for the soil biota.  

 Use of crop rotations or intercropping is considered important in CA systems, as it offers an option for pest/ 
weed management that is no longer realized through soil tillage. To improve the agro-ecosystem efficiency in 
using natural resources, crops should be grown whenever possible during the whole year. If rains are too limited 
or too irregular to allow two commercial crops per year, cover crops are introduced at the beginning or at the 
end of the growing period, i.e., warm or rainy season, to produce additional biomass, recycling water/nutrients 
which would otherwise be lost through leaching (Calegari, 2006). Furthermore, those cover crops, when 
properly intercropped with commercial ones, can increase significantly radiation interception by a plant canopy, 
during before or after the commercial crop cycle. 

Cover crops enhances total biomass production that allows mulching the soil permanently thereby retains the 
soil moisture and soil biota (Calegari 2006), even under humid tropical conditions where residues decompose 
rapidly. They may also contribute to the mineral nutrition of the main crop(s) through nitrogen fixation in the 
case of legumes, mulch mineralisation or manure returns from animals that feed on them. Cover crops fulfil 
important functions below the ground such as root systems contribute to preventing or remediating soil 
compaction, re-structuring soil, tapping soil moisture from deeper horizons below the root zone of the main 
crops or recycling nutrients such as nitrates, K, Ca and Mg that are easily leached to deeper soil horizons. 

Carbon Dynamics and Mitigation of the Greenhouse Gas Effect 

Higher C stocks in CA systems compared to conventionally tilled systems with C storage rates under CA varying 
from 0.4 to 1.9 Mg C year−1 ha−1 for the 0–40-cm layer (Bernoux et al., 2006). Carbon losses through 
decomposition are largely compensated by returns in the form of crop residues since the total biomass 
produced in a two-crop CA system may be twice or three times higher than in conventional systems with one 
crop per year. 

Due to the mulch, CA systems generally provide temperature and moisture conditions that favour a more 
regular SOM decomposition throughout the crop cycle and a higher nitrogen (N) availability for the commercial 
crop. N mineralisation could increase by 2 kg of N ha−1 year−1 in CA system due to the improvement in soil 
organic C and N stocks. For both winter and summer climates, the amount and dynamics of residue-derived N 
mineralisation depends on the type of winter crop, its productivity and the C/N ratio of its residues. Nitrogen 
immobilisation can be observed in some situations, such as with some cereals or old pasture straws, having high 
C/N ratio. In contrast, the introduction of legumes as cover crops in CA systems increases subsequent soil 
mineral N availability, allowing to reduce the use of chemical N fertilizers on the following maize. 

Biodiversity and Biological Activity Under Conservation Agriculture Systems 

Soil biological activity and diversity are higher in systems with reduced or no tillage and with a surface mulch or 
cover crops under both tropical and temperate conditions. This increase is mainly attributable to earthworms 
and the reappearance of Coleopteran larvae. Blanchart et al. (2007) observed under conservation agriculture a 
strong relationship between macrofauna biomass and soil carbon stock was noticed. Under European 
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temperate conditions, the CA systems with tillage reduction and crop residue retention on the soil surface 
favour the proliferation of slugs, snails and mice along with increased density and diversity of carabidae, spiders 
and nematodes and improved abundance and biomass of earthworms. 

Higher activities of β-glucosidase, acid phosphatase and arylsulfatase enzymes have been reported in the 0–10-
cm layer with CA systems suggesting that these systems provide a more favourable habitat for microorganisms. 
Under temperate conditions, many studies have shown increases in microbial biomass of 30 to 100 %, in the 
soil surface layers when ploughing is suppressed, often inducing higher N mineralisation and enzymatic 
activities. However, this improvement of microbial activity is not systematic and is frequently restricted to the 
topmost centimetres of the soil profile (Dilly et al., 2003) and directly related with the number of organic 
residues returned to the system. 

Mitigation of Climate Change 

Agriculture and associated land use change account for 24% of total global emissions, while the global food 
system may contribute up to 35% of global greenhouse gas (GHG) emissions. As a result, agricultural production 
and food systems should be a critical focus for GHG mitigation and adaptation strategies. The anticipated 
disturbances include sea-level rise that will likely threaten global food distribution and the occurrence of food 
safety hazards throughout the food chain (Tirado et al., 2010) and impacts on nutritional quality of certain foods.  

It is need of the hour to better understand, integrate and create action related to the food system and climate 
change, beyond agricultural production. This focal shift is critical for multiple reasons, including: 
1. For greater mitigation potential. 
2. For exploration of mitigation and adaptation co-benefits, synergies or trade-offs. 
3. To find out clear research gaps. 
4. To integrate options that fall both inside and outside of agricultural production (e.g., dietary choices, food 
waste). 

A food system ‘gathers all the elements such as environment, people, inputs, processes, infrastructure, 
institutions, etc. and activities that relate to the production, processing, distribution, preparation and 
consumption of food and the outputs of these activities, including socio-economic and environmental 
outcomes’ (HLPE, 2014). Food systems operate within and are influenced by social, economic, political and 
environmental contexts. Further, a sustainable food system is one that provides food and nutrition security for 
all in such a way that the economic, social and environmental bases to create food security and nutrition for 
future generations are not compromised (HLPE, 2014). 

Here we synthesize the present research briefly on preproduction and production, while providing greater 
explanation and context for food system emissions beyond agriculture for the majority of the review. we finalize 
it by discussing some of the pathways or barriers to action—which mechanisms may enable greater shift toward 
such mitigating behaviours and where future research may be necessary. Further, though the goal of this review 
is primarily on opportunities to mitigate emissions in food systems, we also detail some potential adaptation 
co-benefits of various mitigation strategies and how they may influence remaining components of the food 
system.  

Our global and local food systems need urgent action to reduce greenhouse gas emissions in ways that enable 
resilience and sustainability. Though an extensive body of research clears how we can mitigate and adapt to 
climate change in agriculture, substantially less work has focused across the food system to explore 
opportunities for climate mitigation and adaptation more comprehensively. Here, we emphasize some of the 
key strategies across the food system to mitigate emissions, and their applicability in varying country contexts. 
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Introduction 

The soil, water, climate, flora and fauna constitute the basic natural resources and the national treasure of any 
country. The soil is the most important among them. It is the basic source to produce food, fodder, fuel and 
fiber - the necessities of the human being. The agriculture and the other allied activities and in turn the 
prosperity and economic growth of a country depend on the soil resource. It is, therefore, important to 
understand the inherent potential and limitations of soil for managing it for sustained production. This has led 
to debate around the question ‘What is soil health?’ There are two ways in which the concept of soil health has 
been considered, which can be termed either ‘reductionist’ or ‘integrated’. The former is based on estimation 
of soil condition using a set of independent indicators of specific soil properties—physical, chemical and 
biological. This approach has been much discussed and well-reviewed by Doran et al. 1994; Doran & Jones 1996 
and Van-Camp et al. 2004). The alternative, integrated, approach makes the assumption that the health of a 
soil is more than simply the sum of the contributions from a set of specific components. It recognizes the 
possibility that there are emergent properties resulting from the interaction between different processes and 
properties. Progress in understanding the interactions between management interventions and the capacity of 
the soil to respond depends on insights into its functioning as an integrated subsystem of the agro-ecosystem. 
We thus focus on analysing the extent to which soil can be seen to be responding as a living system to 
agricultural intervention and the implications of this for sustainable agricultural practices. Our definition of soil 
health is derived from a context which we accept as an essential feature of sustainable agriculture, namely that 
agricultural production should not prejudice other ecosystem services that humans require from agricultural 
landscapes. Thus, our working definition is that ‘a healthy agricultural soil is one that is capable of supporting 
the production of food and fibre, to a level and with a quality sufficient to meet human requirements, together 
with continued delivery of other ecosystem services that are essential for maintenance of the quality of life for 
humans and the conservation of biodiversity’. 

Integrated Concept of Soil Health 

Soil is undeniably a very complex system. It may be described as a multicomponent and multifunctional system, 
with definable operating limits and a characteristic spatial configuration. Within a continuum of possibilities, 
there are recognizable soil types that originate depending on variations in factors, such as parent material, 
climate and topography, which largely determine the dominant physical and chemical properties. These have 
often been altered, however, by agricultural interventions, such as drainage, irrigation, use of lime to alter soil 
reaction and additions of plant nutrients. The agricultural soil system is a subsystem of the agroecosystem, and 
the majority of its internal functions interact in a variety of ways across a range of spatial and temporal scales. 
Soil health may be referred to as the ability of the soil to produce crops. It is conditioned by a number of physical, 
chemical and biological attributes and processes like soil erosion, water retention and transmission 
characteristics, mechanical impedance, soil temperature, soil aeration, water logging, soil salinity, alkalinity, 
acidity, nutrient status, organic matter content, microbial biomass carbon and potentially mineralizable 
nitrogen etc. Prevalence of one or more unfavourable soil conditions over time will lead to unsustainability of 
an agricultural system. Declining soil health is considered as one of the factors for stagnation in crop productivity 
and slowdown in agricultural growth. The restoration of soil health is, therefore, a formidable challenge before 
us to ensure higher productivity, profitability and national food security. Therefore, we need to constantly 
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monitor the health of soil resources and devise appropriate management strategies for sustained productivity 
and least environmental degradation. 

Components of Soil Quality/ Health Management 

Choosing specific practices with each component depends on the situation since different types of soils respond 
differently to the same practice. Each combination of soil type and land use calls for a different set of practices 
to enhance soil quality: 
1. Enhance Organic Matter: Whether your soil is naturally high or low in organic matter, adding new organic 
matter every year is perhaps the most important way to improve and maintain soil quality. Regular addition of 
organic matter improves soil structure, enhance water and nutrient holding capacity, protect soil from erosion 
and compaction, and support a healthy community of soil organisms. Practices that improve organic matter 
include: leaving crop residues in the field, choosing crop rotation that include high residue plants, using optimal 
nutrient and water management practices to grow healthy plants with large number of roots and residue, 
growing cover crops, applying manure and compost, using low or no tillage system and mulching. 

2. Avoid excessive tillage: Reducing tillage minimizes the loss of organic matter and protects the soil surface 
with plant residue. Tillage is used to loosen surface soil, perhaps the seed bed and control weeds and pests. But 
tillage can also break soil structure, speed the decomposition and loss of organic matter, increase the threat of 
erosion, destroy the habitat of beneficial organisms, and cause compaction. 

3. Manage pests and nutrient efficiency: An important function of soil is to buffer and detoxify chemicals, but 
soils capacity for detoxification is limited. Pesticides and chemical fertilizers have valuable benefits, but they 
also can harm non-target organisms and pollute water and air if they are mismanaged. Nutrients from organic 
sources also can pollute when misapplied or over applied. Efficient pest and nutrient management means 
testing and monitoring soil and pests, applying only the necessary chemicals, at the right time and place to get 
the job done and taking advantage of non- chemical approaches to pest and nutrient management such as crop 
rotation, cover crops and manure management. 

4. Prevent soil compaction: Compaction reduces the amount of air, water and space available to roots and soil 
organism. Compaction is caused by repeated traffic or travelling on wet soil. Deep compaction by heavy 
equipment is difficult or impossible to remedy, so prevent is essential. 

5. Keep the Ground covered: Bare soil is susceptible to wind and water erosion, and to drying and crysting. 
Ground cover protects soil, provides habitats for large soil organisms, such as insects and earthworms and can 
improve water availability. Ground can be covered by leaving crop residue on the surface by planting cover 
crops. In addition to ground cover, living cover provide additional organic matter and continuous cover and 
food for soil organisms. Ground cover must be managed to prevent problems with delayed soil warming in 
spring, diseases and excessive built up of phosphorus at the surface. 

6. Diversify cropping system: It is beneficial for several reasons. Each plant contributes a unique root structure 
and type of residues to the soil. A diversity of soil organisms can help control pest population and a diversity of 
cultural practices can reduce weed and disease pressure. Diversity across the landscape can be increased by 
using buffer strips, small fields or contour strip cropping. Diversity over time can be increased by using long crop 
rotations. Changing vegetation across the landscape or overtime not only increase plant diversity but also the 
types of insects, micro-organisms and wild life that live on your farm.  

All crops require 16 essential nutrients, and in Ladakh, most soils are usually deficient in nitrogen and other 
essential elements. Growing legumes in the rotation provides both nitrogen and non-nitrogen benefits to 
subsequent crops. Properly inoculated/modulated legumes fix 50 to 90 per cent of their nitrogen requirement 
from the air. The remainder is obtained from the soil. However, nitrogen is also exuded from legume roots 
during the growing season and the legume residue decomposes and recycles the nutrients faster than non-
legume residues, thus more nitrogen is usually available to the subsequent crop than if a non-legume had been 
grown. 
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7. Green Manure: Green manuring involves the incorporation of any green, fresh vegetative material into the 
soil. Green manure crops add organic matter to the soil, improve soil tilth, and if a legume, contribute nitrogen 
fixed from the atmosphere. Even weeds can be regarded as green manure. The extent of soil improvement 
depends on the type and quantity of plant material returned to the soil. The greatest benefits usually occur by 
using biennial (sweet clover) or perennial legumes (alfalfa or true clovers) as green manure on poor structured 
soils with low organic matter levels. 

Conclusion 

Soil health is a term which is widely used within discussions on sustainable agriculture to describe the general 
condition or quality of the soil resource. Soil management is fundamental to all agricultural production systems, 
yet there is evidence for widespread degradation of agricultural soils in the form of erosion, loss of organic 
matter, contamination, compaction, increased salinity and other harms. For this reason, research has been 
directed to devising measures of the health of soil, which could be used to monitor its condition and inform its 
management so that degradation is avoided. 
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Organic farming is defined as use of biological organisms or materials to control insect pest, pathogens and 
nematodes. Organic agricultural methods are internationally regulated and legally enforced by many nations, 
based in large part on the standards set by the International Federation of Organic Agriculture Movements 
(IFOAM), an international umbrella organization for organic farming organizations established in 1972. 

Methods of Organic Farming 

Organic farming includes: 
1. Crop rotation. 
2. Green manures and compost. 
3. Biological pest control and mechanical cultivation. 

Uses of Organic Farming 

1. Enhances agricultural productivity. 
2. Legumes are planted to fix nitrogen into the soil. 
3. Natural insect predators are encouraged, crops are rotated to confuse pests and renew soil, and natural 
materials such as potassium bicarbonate. 
3. Mulches are used to control disease and weeds. 

 

Types of Organic Farming 

1. Bio farming. 
2. Eco farming. 
3. Nature farming. 
4. Bio dynamic farming. 

Advantages of Organic Farming 

1. Minimize the external cost of farming. 
2. Efficient use of resources. 
3. Soil and the environment is a public good. 
4. Healthier food. 
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5. Potential profits. 

Disadvantages of Organic Farming 

1. More time is involved. 
2. Requires more labor. 
3. Potential loss of crops. 
4. Spraying of ‘organic’ pesticides.  
5. Decline in crop yields. 

Organic state in the world-Sikkim is located in northeast part of India, in 2003, Chief Minister Pawan Chamling 
announced the vision- Sikkim to be India’s first organic state. In 2010, the state launched the “Organic Mission”. 
The plan worked – in 2015 Sikkim declared itself the first organic state in the world. 

 

Conclusion 

Organic farming will increase farmers economy rate and also increases the marketability rate. It also enhances 
the immunity level of our human body health. 
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1. When water is present in excess amount than its optimum requirement, it refers to water logging. 
2. Waterlogging is the major obstacle for sustainable agriculture. Plants subjected to waterlogging suffer from 
substantial yield losses. 

General Symptoms of Excess Water Stress 

The plants growing on the waterlogged soil face the stressful environment in terms of hypoxia (deficiency of 
O2) or anoxia (absence of O2). These oxygen deficient conditions substantially hamper plant growth, 
development and survival. Waterlogging reduces the endogenous levels of nutrient in different parts of plants 
(Ashraf et al., 2011). On waterlogged sites, plants show chlorosis and necrotic spots on older leaves. Reduction 
of root respiration is one of the earliest responses of plants under the absence of oxygen. Krebs cycle and 
electron transport system are blocked because absence of oxygen terminates the electron acceptor. Zubairi et 
al. (2012) reported that excess water logging reduces the  root length in maize and leaves which were present 
on the lower portion of the plant they show leaf senescence and became bronze in colour. 

Symptoms of Excess Water Stress in Different Crops (Biswas et al. 2018) 

Wheat: Increased nodal root production and the proportion of aerenchyma within roots, but caused chlorosis 
and premature senescence of leaves, and decreased tillering. 
Maize: Severely affect seed germination and seedling growth, fading of leaf colour immediately after flooding 
Lentil: Lentil does not tolerate flooded or waterlogged soils. Reduction of plant growth and development. 
Mustard: Root cell die, premature bolting and flowering 
Chickpea: Initial leaf chlorosis on the upper leaves. Reddish-brown anthocyanin pigmentation developed on 
midribs, stems and some leaflets. Unexpanded leaves had necrotic margins. 
Potato: The potato plant is sensitive to even short periods of moderate water stress.  Water stress is usually 
reflected in slower growth, a smaller leaf canopy, early senescence and eventually in lower yields.  
Barley: Stomata closure 
Pea: Prompt closure of stomata, wilting. 

Table 3: Sensitive crop growth stages to excess water: 

Crop  Duration  Growth stage  Response References 

Bean  4 days   vegetative  Reduced yield, rapid root development 
after stress removal  

Nawata  et al . 
(1990)  

16 days Restricted growth till adventitious root 
development  

Pea  3 days  
 

Increased foliar hydration, 10-fold 
increase in endogenous ABA 
concentration 

Jackson and hall 
(1987)  

Soyabean & 
mungbean  

7 days  vegetative  Stunted plants, reduced plant stand, 
delayed maturity  

Herrera and 
zandstra (1979)  

Tomato  1 month  
 

Reduced stem growth  Kuo and chen 
(1980)  
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Conclusion 

1. Excess water stress affects the crop yield severely particularly in sensitive crops like maize, pulses and 
vegetables. 
2. Larger yield reductions result when flooding is imposed at reproductive stages than at vegetative growth 
stages of soybean, moong bean and cowpea. 
3. There are several options for mitigation of submergence and waterlogging problems. Breeding of 
waterlogging tolerant varieties, improvement of drainage systems, using of plant growth regulators and 
changing in crop husbandry could be some of the options. 
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Introduction 

Crop variety improvement research and development based on conventional breeding as well as 
biotechnological methods (GM varieties) require considerable investments, in terms of both scientific 
manpower and financial expenditure. Therefore, in order to attract investment and encourage progress and 
development, plant-breeding programs have to be protected from misuse, and ensure appropriate incentives 
to the breeders. Thus, an effective system of Plant Variety Protection (PVP) will not only be a safeguard against 
unlawful commercial exploitation of the new varieties but also stimulate the development of new varieties. The 
International Union for the Protection of New Varieties (UPOV), with 54 member countries (as in 2004), provides 
and promotes an effective system of Plant Variety Protection (PVP) with the aim of encouraging development 
of new plant varieties for the benefit of mankind in member states. India is not yet a member. UPOV has 
developed guidelines for testing of more than 200 plant species before granting them protection. These Test 
Guidelines are used as standard reference document worldwide in relation to the description of plant varieties 
and testing of plant varieties to be qualified for Protection in UPOV member states. 

Plant Variety Protection 

General Agreement on Tariffs and Trade (GATT) recognized Agriculture as ‘an enterprise of investment and 
profit making’ and included it in the negations for the first time in Uruguay Round (1986-1994). This round led 
to the establishment of world Trade Organization (WTO) in 1995 of which India is a signatory. The provisions of 
the Trade Related Intellectual Property Aspects (TRIPS) of WTO require that plant varieties need protection, 
either by parenting or by a ‘sui-generics’ system or by a combination of both (Mauria,2000). The Indian Patents 
Act of 1970 does not permit patenting of plants or varieties. Patents on plants, considered a strong form of 
protection, are available in advanced countries like USA, Japan under certain conditions. But in developing 
countries, patents are replaced by PVP (Plant Variety Protection) in recognition of the fact that ‘variety 
development ‘involves improvement of already existing ones and not de novo creation. Involves improvement 
of already existing ones and not de novo creation. Accordingly, India had enacted its own PVP law, “Protection 
of Plant Varieties and Farmers’ Rights Act” in 2001, with provisions for protecting both breeders and farmers 
rights. This act provides protection of new varieties including extant and farmer’s varieties. The grant of plant 
breeders’ rights (PBR) entitles the breeder (or his successor, agent, licensee) to exclude others from producing, 
selling, marketing, distribution, export or import of propagating material of protected varieties for a period of 
15 years. The act also permits a breeder to use a protected variety for research purpose. The act allows the 
farmer to save, sow, resow, exchange, share or sell farm produce including seed of a protected variety. 

DUS Testing 

Thus, under the “Protection of Plant Varieties and Farmers’ Rights Act”, a new plant variety can be registered 
and protected for a specific duration; 15 years for annuals and 18 years for vines and trees. Registration and 
protection can be granted to a variety only if it conforms to the criteria of Distinctness, Uniformity and stability. 
It means that the new variety has to Distinct Uniform-Stable (DUS) in its characteristics. This requires the 
examination of the variety if it conforms to the standards of DUS test. The examination of a variety for DUS 
generates a description of the Varity, using its relevant characteristics. This examination of a variety is either 
conducted by the Plant Variety Protection Authority (‘Official testing’) or by the breeder seeking protection 
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(‘Breeder testing’). In some countries (Japan, New Zealand), both government or official testing and breeder 
testing are done. Official testing is common in European countries. Under breeder testing (as in USA, Australia), 
the applicant has to conduct the tests and demonstrate to the PVP examiner that his new variety meets the 
criteria of distinctness, uniformity and stability. 

Distinct-Uniform-Stable (DUS) 

Distinct means a variety should be clearly distinguishable by one or more essential characteristics from any 
other existing variety. The variety is deemed Uniform if it is sufficiently uniform in its relevant characteristics, 
subject to variation that may be expected from the particular features of its population. The basis of assessment 
is normally the number of off-types in the variety, judged on the basis of a population standard and an 
acceptable probability fixed in the corresponding species. To identify off-types in a population, generally visual 
observation on characteristics may suffice. However, in a few cases/ crops, it may be necessary to make 
measurements of each plant to apply statistics to decide or not whether a plant is an off-type. In most of the 
crops, acceptance probability of 95% has been suggested. Generally, cross-pollinated varieties exhibit wider 
variation within the variety. Relative tolerance limits can be found by comparing with comparable varieties. The 
standard deviation or variance may be used as the criteria for comparison. Recently, UPOV has proposed a 
statistical method called ‘Combined Over Year Uniformity (COYU)’ that takes into account variations between 
years for dealing uniformity in measured (quantitative) characters. The variety is said to be Stable if its relevant 
characteristics remain unchanged after repeated propagation. Though it is not usually possible to assess 
stability with in a period of 2 or 3 years, the variety can be considered stable if is shown to be uniform. 

Characterization 

The requirement of distinctness, uniformity and stability are assessed on the basis of characteristics. The 
characteristics are a feature of whole plant or part of plant. Such characteristics may be morphological, 
biochemical, molecular or any other nature. The table of characteristics chosen by experts forms the main part 
of test guidelines and of DUS testing. In Genetic resources, the term ‘characteristic’ is known as descriptors 
(with descriptor states) and describing a plant based on such descriptor is known as ‘characterization’. (Table 
of characteristics for DUS testing in sugarcane is given in end): 
1. Morphological characterization: This is based on botanical or morphological descriptors or characters of the 
plant or plant part. 

2. Biochemical characterization: Isozyme based descriptors have been widely used for identification of crop 
varieties because of their reliability (Smith & Smith 1992, Cooke 1995). UPOV has also included electrophoresis 
of isoenzymes in maize, soybean, sunflower and of seed proteins in barley, wheat as additional characters for 
establishing distinctness of varieties. Selection of an appropriate electrophoresis technique provides a potential 
tool for variety identification, DUS test or grouping of varieties. 

3. Molecular characterization: Biotechnology has widened the possibilities for applying such technologies to 
the problem of characterization, varietal identification and protection (Smith, 1995). The two commonly 
adopted approaches in the use of molecular markers are essentially either probe based such as RFLP (Restriction 
Fragment Length Polymorphism), or amplification based like RAPD (Random Amplified Polymorphic DNA), AFLP 
(Amplified Fragment Length Polymorphism), STMS (Sequence Tagged Microsatellites), etc. At present, 
molecular markers are not being used in DUS testing anywhere, but they are reliable, fast and cost effective to 
discriminate an EDV (essentially derived variety). Data from these methods may help resolve disputes on 
identity of germplasm or hybrids. 

Use of Biochemical and Molecular Markers in DUS Testing 

1. Isozyme electrophoresis: A survey on use of rapid variety identification techniques in laboratories of the 
International Seed Testing Association (ISTA) revealed that (bio) chemical tests were most frequently used in 
the small number of responding countries (van der Burg & van Zwol, 1991). The study inter alia concluded that 
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although rapid techniques were receiving more attention from seed testers and other users, surprisingly little 
development work have been done in this area during the last twenty years. The conclusions also stated that if 
electrophoresis and DNA fingerprinting techniques like RFLP analysis are to be used as rapid identification 
techniques, more specific attention will have to be given to the development of simple and standardized 
laboratory protocols.  

The observed general absence of use of electrophoresis as a routine procedure in a number of ISTA-recognized 
laboratories despite availability of enormous published literature on development of standardized protocols for 
electrophoresis technique and their utility (in establishing variety identity, genetic diversity analysis and other 
aspects) led UPOV to undertake detailed studies, through its technique in relation to the award of PVP’s (Thiele-
Wittig, 1992). As a result, barley and maize as supplementary but non-mandatory characteristics for establishing 
variety distinctness. A general discussion on the use of electrophoresis with respect to variety identification and 
plant breeder’s rights has been presented by Cooke (1989) for autogamous species and Gilliland & Almgard 
(1978) and Bailey (1983). The literature is, in fact, eplete with publication on use of electrophoresis for genetic 
identification, classification or distinctness testing, or characterization or description of varieties / genetic 
resources presence / absence of bands, identifying major groups), providing representative phenograms, 
determining allozyme frequency of different loci, identifying rare alleles, understanding heterozygosity / 
homozygosity at different loci, accounting for residual variability in developed lines, explaining unexpected 
variation in genetic purity analysis etc. Evaluation of genetic purity of seed lots using electrophoresis has also 
been reported. Electrophoresis studies form various angles are supported by publications on standardization of 
methods and on interpretation and scoring of gels. Standardized protocols are provided in respective crop-
specific UPOV Test Guidelines wherever electrophoresis is included for studying DUS. In UPOV, it is now held 
that the requirements for inclusion of electrophoresis-based characteristics should include a good knowledge 
of the genetic background, a standardized method and a positive result of a ring test between member States 
on the method. The characteristics are intended to be used as a last report if other characteristic fail to establish 
distinctness (UPOV, 1994a). Unlike many morphological or physiological characteristics, which are marked with 
an asterisk (*) in crop-specific Test Guidelines, meaning a ‘compulsory’ characteristic for recording observation 
in every growing period of examination (except when he state of expression of a preceding characteristic or 
regional environmental conditions render this impossible), the characteristics derived by using electrophoresis 
are placed in an annexure to the Test Guidelines, thereby creating a special category of characteristics, because 
the majority of UPOV member States consider that it is not appropriate to establish distinctness solely on the 
basis of a difference found in a characteristic derived by using electrophoresis. Such characteristics should, 
therefore, only be used as a complement to other differences in morphological or physiological characteristics. 
In interpretation of electrophoretic bands, each locus should form one characteristic and each allele one state 
expression. 

Isozyme-based descriptors were included because of the advantages of biochemical tests over morphological 
methods for variety identification. Notwithstanding the chances of sampling or technical error, the biochemical 
tests are rapid, relatively cheap, eliminate the need to grow plants to maturity and are largely unaffected by 
the growth environment. In addition, the codominant nature of the genes controlling their expression means 
that heterozygotes can be recognized. Further, morphological traits encompass a range of complexity regarding 
the genetic basis of their control, as these traits, in general, have not been genetically mapped. Therefore, 
morphological characteristics in several instances cannot form the basis for a very objective determination of 
difference or distinctness. However, even analysis of the usually highly polymorphic isozymes / proteins may 
not always provide a means of identifying varieties unequivocally. It was thus agreed that new methods (like 
bands in the case of electrophoresis) not used for the testing of distinctness should not be used for the screening 
of varieties for the layout of trials unless there was a strong correlation between such results and a 
morphological or physiological characteristic used in the Test Guidelines. 

2. DNA-profiling: DNA-profiling offers significant advantages over biochemical tests which assay gene products 
and which may be profoundly influenced by tissue-specificity and the development state. Also, compared to 
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morphological and biochemical traits, a thorough sampling of genomic and genetic diversity is possible in DNA-
profiling. The drawbacks of DNA-profiling are time, expense and technical difficulty. A similar view of the 
consequences for the breeder is held for the use of DNA-profiling for DUS testing (UPOV, 1994c). Realizing the 
large resolution power of DNA-profiling, it was generally accepted in UPOV that although the member States at 
present are not able to use DNA-profiling for DUS testing, it could be considered as one possibility in future as 
complementary information. DNA profiles could identify genotypes, which had been proved to be distinct by 
other means and could give much information, which could be used to choose the best reference variety. The 
decision would continue to be made on the basis of the expression of the genotype e.g., morphological or 
physiological characteristics. There existed thus, two sets of characteristics, one used for establishing 
distinctness and another set of additional characteristics used only for identification. The DNA-profile would 
thus just be help and not basis for establishing distinctness. 

In UPOV, even though the majority of the earlier reports centered on the RAPD and RFLP methods of DNA-
fingerprinting, in its fourth session, the BMT Working Group also considered the AFLP method to be of better 
repeatability and more reliability owing to its seemingly unlimited capacity to produce data (UPOV, 1997a). in 
this meeting, the RAPD method was left aside as, in general, its origin is not known, whether from the expressed 
or non-expressed part. The same band could also result from different loci UPOV (1997 a) has also particularly 
indicated that while RFLPs and SSRs could cover the whole genome, the use of AFLPs and SSRs made it possible 
to avoid the use of radioactive material and thus was better for the environment. Besides, it also mentions that 
while RFLPs and SSRs could cover the whole genomes; the SSR are more discriminative, reliable and repeatable, 
could potentially be standardized more easily and there already existed good hardware and software for the 
method. It is thus clear that the development of each of the methods as well as the search for new methods is 
progressing very fast, and even DNA-profile may come in use in DUS testing in future. 

Biochemical Methods 

Chemotaxonomists have recognized two groups of compounds that are generally useful for the classification of 
organisms. 
1. Episemantic or secondary compounds (pigments, fatty acids, etc.,) 
2. Semantides or "sense-carrying'' molecules (proteins, nucleic acids). 

Although the semantides have proved to be far more useful for variety identification, particularly from the seed, 
there are several instances of the successful use of secondary compounds. 

Analysis of Secondary Compounds 

A range of different tests are available for the analysis of secondary compounds in seeds and vegetative parts 
of plants. The tests range from simple color tests to complex chromatographic separation of anthocyanins, 
flavonoids and other compounds. Probably, the best-known example of a widely used color test is the phenol 
test, used to distinguish between varieties of wheat by the differential oxidation of phenol of the seed. This test 
has also been used for varietal identification in rice and Kentucky bluegrass (Poa pratensis). Another simple 
color test is the use of acidified vanillin reagent to detect the presence of tannins in the testa of field bean (Vicia 
faba) seeds. Two principal types of chromatography have been used, depending on the analyst's interest. Thus, 
gas-liquid chromatography (GLC) has been used for the separation of fatty acids from seeds of oilseed rape 
(Brassica napus). GLC has also been used for glucosinolate analysis in Brassica and related species. The other 
major type of chromatography, high performance (or pressure) liquid chromatography (HPLC), has also been 
used for glucosinolate analysis, but has an important chemotaxonomic role in the identification of varieties of 
horticultural species by the separation of anthocyanin and flavonoid pigment from the flower. 

Protein and Variety Identification 

The successful exploitation of proteins for variety identification purposes is based on the fact that proteins are 
the direct products of gene transcription and translation. Proteins can thus be regarded as markers for the 
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structural genes that encode them. The proximity of the process of protein synthesis to the primary genetic 
information (DNA) also greatly reduces or even eliminated any environmental interaction in protein 
composition. For variety identification, it is necessary to utilize proteins that exist in multiple molecular forms 
(i.e., are polymorphic) and also preferably that are present in relatively large amounts and are easy to extract. 
For these reasons, seed proteins of all types are extremely useful for identification purposes and have been 
widely used. This includes albumins (Water soluble proteins, mainly enzymes), globulins (the typical salt soluble 
storage proteins of legume seeds), prolamins (the typical alcohol soluble storage proteins of cereal seeds) and 
glutelins (detergent soluble structural or enzymatic proteins). 

Variety Identification by Electrophoresis 

The uses of electrophoresis for variety identification have been comprehensively reviewed summarized in 
recent years. Two main approaches have been recognized. 

1. The direct (multi-locus) approach, in which proteins that are polymorphic and genetically encoded at multiple 
loci are analyzed. Cereal seed storage proteins provide a good example. They are encoded by multigenic loci 
and the products of single locus can comprise several electrophoretically separable bands. The criterion for 
distinctness between varieties is taken as the presence or absence of a particular protein band (or set of bands) 
occurring at a defined position or positions on the gel. 

2. The indirect (single-locus) approach involving the examination of proteins in which, although polymorphic, 
are derived from a single locus (isoenzymes, allozymes). Varietal differences are demonstrated either as the 
occurrence of different isozyme phenotypes (banding patterns) in self-pollinated and vegetatively propagated 
species or as differences in the frequency of occurrence of isozyme phenotypes in the cross-pollinated species. 

The electrophoretic markers of the seed storage proteins help to: 
1. Identify between cultivars. 
2. To check species identification. 
3. To assist biosystematics analysis. 
4. To study phylogenetic relationships of the species. 
5. To generate pertinent information to complement evaluation and passport data and thereby increase the 
knowledge of the genetic diversity of the materials in the germplasm collections. 

Varietal Identification of Cotton Genotypes through Electrophoresis 

The experiment on Varietal Identification of cotton genotypes through electrophoresis was initiated and several 
attempts has been made for the development of predictable banding pattern due to single seed protein globulin 
in cottonseed. In the first experiment total soluble protein from hybrids Savita (T7 x M12) and Kirti (Suman x 
BN) were extracted by adopting the procedure of Dadlani et. a1., (2002).  

The extract was loaded in an SDS-PAGE and run in a mini gel unit for three hours. After that the gel was removed 
and put in a staining solution for twelve hours. Then allowed for detaining till the appearance of bands. The 
observation on the gel indicates improper formation of bands due to differential movement of protein on 
molecules. Tris - HCL soluble proteins in the seed can be separated using SDS-PAGE, following the method of 
Varier et. al. (1992). 

Analysis of Total Soluble (Tris-HCL Soluble) Seedling Proteins through Sodium Dodecyl 
1. Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE): Total soluble proteins of seedlings can be 
analyzed by SDS-PAGE using the method of Varier et al. (1992). DUS testing in Cotton 82. 
2. Seed and seedling peroxidase isozyme profiling through Poly Acrylamide Gel Electrophoresis (PAGE): 
Peroxidase isoenzyme can be analysed by alkaline PAGE procedure described by Dadlani and Varier (1993) and 
staining procedure of Reddy and Gasber (1971). 
3. Seed and seedling polyphenol oxidise isoenzyme profiling through Poly Acrylamide Gel Electrophoresis 
(PAGE): Polyphenol oxidase isoenzyme can be analysed by alkaline PAGE procedure described by Ravi (2000). 
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4. Seed and seedling phosphoglucoisomerase profiling through Poly Acrylamide Gel Electrophoresis (PAGE). 
5. Sn: D - Glucose - 6 - phosphate keto isomerase (E.C.5.3.1.9). 
6. Reaction: D - Glucose - 6 - p -> Fructose - 6 – p. 

Molecular Characterization of Cotton Hybrids and Varieties 

Isolation of genomic DNA of cotton hybrid Savita the method described by Krishna and Jawali (1997) was 
followed to isolate the DNA from single seed of hybrid Savita and its parents T7 (female) and M 12 (male). 
1. Seeds were soaked in water for 16 hours. 
2. About 100 mg of seed tissue were placed in a 1.5 ml eppendorf tube after removal of the seed coat. 
3. The seed tissue was crushed with a spatula in 200 μl of extraction buffer. 
4. Then 20 μl of sodium dodecyl sulphate was added and the tubes were placed in water bath maintained at 
650C for 10 minutes. 

a. After cooling at room temperature 70 μl of 5 M potassium acetate was added and vortexed thoroughly 
and the cooled at 40C for 20 minutes, after cooling centrifuged at 40C for 20 minutes 
at 14000 rpm. 
b. From the supernatant 100 μl of samples were pipetted out in to a fresh 1.5ml eppendorf tube to that 
25 μl of 10 M ammonium acetate and 75 μl of isopropanol were added and centrifuged 
at room temperature for 10 minutes at 14000 rpm 
c. The supernatant was discarded and the pellets remaining at the bottom were rinsed with 70% ethanol 
and allowed for air-drying. 
d. The pellets were dissolved in 100 μl of Tris-EDTA buffer. 
e. The isolated DNA was verified for size intactness, homogeneity and purity by electrophoresis method 
and the bands obtained are presented below. 
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Introduction 

Nanoparticles are fundamental to modern science and technology. Nanoparticles (NPs) are broadly defined as 
particles having at least one dimension between 1 and 100 nm in diameter. Because of their unique properties 
and novel features, NPs have been widely used in many aspects of daily life and energy production, including in 
catalysts, semiconductors, cosmetics, drug carriers and environmental energy. Recent advances in 
nanotechnology have impacted industries including manufacturing, biomedical applications, electronics/ 
telecommunications, agriculture and renewable energy, among others. Changes in agricultural technology have 
been a major factor shaping modern agriculture. Among the latest line of technological innovations, 
nanotechnology occupies a prominent position in transforming agriculture and food production. Nanoparticles 
are widely using in agriculture as Nano-herbicide, Nano-pesticides and Nano-fertilizers etc. The potential health 
and environmental effects of NPs need to be thoroughly evaluated before they are widely commercialized 
because they affect the seed germination seedling growth during crop production. NPs enter the soil through 
agricultural application, atmospheric deposition, rain erosion, surface runoff or other pathways. Exposure 
modeling also indicated that the concentrations of NPs in soil are higher than those in water or air, implying 
that soils might be the main source of NPs released into the environment. There is an increasing amount of 
research on the toxicology of nanomaterials. But previous researchers have shown the both toxicity as well as 
beneficial aspects nanoparticles with respect to seed germination. All metal oxide nanoparticles influence the 
growth and development of plants. They generally enhance or reduce seed germination, shoot/root growth, 
biomass production and physiological and biochemical activities. However, the exact mechanism of plant 
defense against the toxicity of nanomaterials has not been fully explored. Nano particles have some positive 
advantages like Antimicrobial activity, creation pores for nutrient uptake, and stimulation of enzymes for 
enhanced seed germination.  In addition to advantages of NPs they are also phytotoxic to growing seedlings. 
Hence there is still scope for there is need to Further understanding of the environmental fate and mechanism 
of NPs and Development of a series safety evaluation and toxicological risk assessment standards. 

Nanoparticles 

Nanoparticles are particles between 1 and 100 nanometres (nm) in size with a surrounding interfacial layer. The 
interfacial layer is an integral part of Nano scale matter, fundamentally affecting all of its properties. The 
interfacial layer typically consists of ions, inorganic and organic molecules.  Organic molecules coating inorganic 
nanoparticles are known as stabilizers, capping and surface ligands, or passivation agents. In nanotechnology, 
a particle is defined as a small object that behaves as a whole unit with respect to its transport and properties. 
Particles are further classified according to diameter. The word “Nano” is a Greek word, which means Dwarf.1 
nm = 10ˉ⁹m i.e., one billionth of a meter. Generally, its size is ranges between 1 to 100 nm. Richard Feynman, a 
Physicist Nobel Laureate (Physics) 1965, he is regarded as father of Nano technology. And the term Nano 
technology was coined by Norio Taniguchi in 1974. 

Nanoparticles are more widely preferred than the bulk/macro particles because of several novel features of the 
NPs, the features of the NPs are: 
1. Higher Mechanical strength. 
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2. More Thermal stability. 
3. Increased Catalytic activity. 
4. Improved Electrical conductivity. 
5. Magnetic properties. 
6. Optical properties. 
7. Very light weight and Ultra Hard. 

Applications of nano particles in agriculture 

Applications of the Nanoparticles in Agriculture Involves 

1. Nano-fertilizers for balanced nutrition: Increase in the yields have been observed due to foliar application 
seed treatments of nano particles as fertilizer due to its smart delivery system and site-specific application 
results in less losses of nano fertilizers. Examples – Nano Zinc fertilizers and Nano Boron fertilizers.  

2. Nano-herbicide for effective weed control: Developing a target specific herbicide molecule encapsulated 
with nanoparticle acts on specific receptor in the roots of target weeds, which enter into roots system and 
translocated to parts that inhibit glycolysis of food reserve in the root system, results in better control of weeds. 

3. Nano-pesticides for effective pest control: Nano-encapsulation of insecticides, fungicides or nematicides will 
help in producing a formulation which offers effective control of pests while preventing accumulation of residues 
in soil. 

4. Nanotechnology in water management: Nanomaterial’s can be used for the treatment of wastewater 
contaminated by toxic metal ions, organic and inorganic solutes. Example - nano-clays, filtering and binding to 
a variety of toxic substances, including pesticides, to be removed from the environment. 

5. Nano scale carriers: Nano scale carriers can be utilized for the efficient delivery of fertilizers, pesticides and 
plant growth regulators, etc. Example - Pesticide detection with a liposome-based nano-biosensor. 

6. Nanotechnology in crop improvement: Gene delivery to specific site at cellular level and Induction of 
mutation by using nano particles. Nanoparticles carrying DNA or RNA to be delivered to plant cells for their 
genetic transformation or to trigger defence responses, activated by pathogens. Examples - Mesoporus silica 
nanoparticles transporting DNA to transform plant cells. 

Seed Quality 

Seed quality consists of the health, physiological and physical attributes, such as the absence/presence of 
disease, whether grains are fully mature (and not broken), and the absence/presence of inert material such as 
stones or dust weeds. 
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Major seed quality parameters: 
1. Physical purity. 
2. Genetic purity. 
3. Germination. 
4. Seed moisture. 
5. Seed Health. 

Germination 

According to ISTA, germination is defined as "the emergence and development of the seedling to a stage where 
the aspect of its essential structures indicates whether or not it is able to develop further into a satisfactory 
plant under favorable conditions in the soil." 

Why we Need to Study the NPs w.r.t Seed Germination? 

With the advancement in nanotechnology, NPs have been applied in many industries, including daily products 
and medical products. Worldwide, the present production of AgNPs is estimated to be around 500 tons per year 
and this is predicted to increase over the next few years. The production, use, and disposal of nanomaterials 
will inevitably lead to their release into air, water, and soil. Terrestrial plants can be exposed to a multitude of 
nanomaterials through soil in many ways. It may lead to positive or negative to seed germination and seedling 
establishment. Nanoparticles of size below 100 nm fall in the transition zone between individual molecules and 
the corresponding bulk materials, which generate both positive and negative biological effects in living cell (Nel 
et al., 2006). The interactions of nanomaterials with plants have not been fully elucidated. There have been 
different and often conflicting reports on the absorption, translocation, accumulation, biotransformation, and 
toxicity of nanoparticles in various plant species. During the past decade, lots of work has been done in biological 
system to address a wide range of field problems utilizing nanomaterials and nano-devices for quality 
enhancement.  

Effect of NPs on Seed Germination and Seedling Growth 

1. It was reported that a mixture of nanoscale SiO2 (nano-SiO2) and TiO2 (nano-TiO2) could increase nitrate 
reductase in soybean (Glycine max), it results in the increase in germination. (Lu et al., 2002). 
2. An increased germination rate and germination index for S. oleracea was noted after exposure to TiO2NPs 
at0.25–4 percent (w/v) but not with larger TiO2 particles at the same concentrations. During the growth of the 
plants the dry weight and chlorophyll formation were both increased by exposure to the TiO2NPs (Zheng et al., 
2005). In case of pepper seed germination, the Nano –Cu is more effective in enhancing the germination rather 
than the CuSO4. (Affipour and Haghighi ,2011).  
3. ZnO NPs caused a significant decrease in the seedling biomass, root tip shrinkage and collapse of the root 
epidermis, resulted in the phytotoxic effect of ZnO NPs on Lolium perenne seedlings. (Lin and Xing, 2008). 
4. In case of Tobacco and Onion has found that genotoxic effects occur with exposure to different 
concentrations of TiO2 NPs (100nm). Higher concentrations of TiO2 NPs damage the root causing the reduction 
in root growth (Ghosh et al. 2010). 
5. In case of Ground nut seeds, Micro-nutrient, Zn can be delivered into seeds through ZnO nanoparticles. A 
higher amount of Zn was present in the seed when treated with nanoscale ZnO. This improves the germination, 
root growth, shoot growth dry weight and pod yield of the treated seeds. (Prasad et al., 2012). 
6. In case of the Bitter gourd the application of the Si NPs improved seed germination and antioxidant enzymes, 
under salt stress conditions. (Wang et al., 2011). 

Advantages of NPs w.r.t Seed Germination and Seedling Growth 

1. Enhanced water uptake of Seeds through pores created by NPs: Example - Carbon nanotubes (CNTs) were 
found to penetrate tomato seeds (Solanum lycopersicum) and affect their germination and growth rates. 
2. Acts as a nutrient for developing seedlings:  Example- Zinc NPs and Iron NPs. 
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3. For controlling the seed borne fungal pathogens during seed Germination. Example- AgNP reduced viability 
of G. fujikuroi from the seed surface and subsequently prevented the seeds from developing disease symptoms 
including low germination and stunted growth of seedlings caused by the pathogen. (Young et al 2015). 
4. Seed treatment with NPs enhance the germination percentage. The seeds are treated with different NPs with 
different concentrations are effective on seed quality, Zn NPs or Fe NPs can be used to enhance the seed quality 
in pigeon pea along with polymer coating. (Bala Raju and Prashant Kumar Rai, 2017). 
5. Cause alterations in the action of enzymes during seed germination. Example- In castor AgNPs promotes 
increase in the activity of POD and SOD enzymes.  
6. NPs help seeds to tolerate abiotic stresses. Example – Si NPs and TiO2 NPs in bitter guard seeds. 

Disadvantages of NPs 

1. Excessive concentrations of NPs reduce the germination percentage. 
2. Reduce the shoot and root growth. 
3. Excessive concentrations alter the protein structures and nucleic acids. 
4. Alterations in the cell structures. 
5. Phytotoxic to germinating seedlings. 
6. NPs found to be toxic to the soil microflora. 

Phytotoxicity and Influencing Factors NPs can Cause Toxicity via 

1. The dissolution and release of toxic ions, such as Ag+, Zn2+, and Cu2+. 
2. Size- or shape-dependent mechanical damage and clogging. 
3. The production of excess ROS through redox cycling (e.g., redox instability of the CeO2 NP surface) and the 
Fe2+-mediated Fenton reaction. 
4. Binding interactions that release surface free energy, leading to surface reconstruction of biomolecular 
structures. 
5. Oxidation of biomolecules through catalytic reactions. 

Nano Toxicology in Plants 

The increasing use of ENPs led to a public debate about their potential adverse effects in ecosystems. Over the 
past decade, studies have shown contradictory results regarding the effects of ENPs in plants. One cause of 
these apparent discrepancies is that different toxicity end points have been used, ranging from easily scored 
parameters (e.g., seed germination and seedling growth), to cytotoxicity [e.g., enzyme activities, pollen 
development, photosynthetic system, reactive oxygen species (ROS), etc.] and genotoxicity (e.g., nucleic acid 
integrity and expression). Furthermore, it is apparent that plant species differ in their response to ENPs. For 
example, while it has been shown that CNTs facilitated germination by penetrating the seed coat, which then 
increased water uptake in seeds of tomato (Solanum lycopersicum) and rice, they had deleterious effects on 
root elongation in tomato and lettuce (Lactuca sativa). Similarly, TiO2 NPs have been reported to enhance 
photosynthesis capacity and nitrogen metabolism, but they also caused antioxidant stress. 
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Several methodological problems commonly encountered in plant nano toxicology studies should also be 
recognized. First, some studies use unrealistically high concentrations of ENPs (e.g., up to 10 g/l). Second, many 
studies use ENPs in their pristine form rather than realistic forms of NPs to which plants would in fact be 
exposed. Finally, some studies have largely ignored the requirement for appropriate control treatments (e.g., 
the use of an ionic Zn2+ treatment to compare against the effects of ZnO NPs). 

Translocation of NPs During Seed Germination 

1. NPs can enter plant tissues through either the root tissues or the aboveground organs and tissues (e.g., 
cuticles, trichomes, stomata, stigma, and hydathodes), including through wounds and root junctions. 
2. Both Apoplastic as well as symplastic pathway in seeds. 
3. Although ENPs have been detected both in the Apoplast and Symplast, it remains unclear which pathway is 
more important. 

 

Factors of NPs Affecting Seed Germination and Seedling Growth 

1. Size of nanoparticles. 
2. Concentration. 
3. Duration of the treatment with nanoparticles. 
4. Surface area of. 
5. NPs Structure of NPs. 

Some Other Uses of NPs in Seed Research 

1. Nano coating of seeds: 
a. To improves the germination. 
b. To protect the seeds. 
c. To enhance the storability of seeds. 

2. Smart seeds for better stand establishment: Nano encapsulation of seeds with fungicides, insecticides and 
some specific bacterial strains. Coating of seeds with Nano membranes that sense the availability of water using 
detectors, and allow seeds to imbibe only when time is right for germination. 

3. Nano barcodes for tracking the seeds: Nano barcodes can be used to track the details of the following 
information, date of production, date of packaging, validity period and price. 

4. Bio analytical nano sensors: Seeds during storage emits several gases indicating their degree of ageing that 
can be determined by sensors. Seeds showing signs of deterioration can be separated and invigorated prior to 
their use. 

5. Seed moisture detection: Lithium chloride is blue when dry and upon hydration turns pink. 
a. Seeds can be coated with highly purified lithium chloride quantum dots or sprayed on seed. 
b. A casual observation will indicate the moisture content of seed. 
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Conclusion 

There is need to further understanding of the environmental fate and mechanism of NPs. Characterization of 
NPs with respect to their beneficial or toxic effect on crop plants and seeds. Studies on standardizing the 
concentration of Nano particles without being phytotoxic to plants. Verification of available findings under large 
scale field conditions. Development of a series safety evaluation and toxicological risk assessment standards. 
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Introduction 

Priming applied to commercial seed lots is widely used by seed technologists to enhance seed vigour in terms 
of germination potential and increased stress tolerance. Priming can be also valuable to seed bank operators 
who need improved protocols of ex situ conservation of germplasm collections. Eg: crop and native species. 
Depending on plant species, seed morphology and physiology, different priming treatments can be applied, all 
of them triggering the so-called ‘pre-germinative metabolism’. This physiological process takes place during 
early seed imbibition and includes the seed repair response like activation of DNA repair pathways and 
antioxidant mechanisms, essential to preserve genome integrity, ensuring proper germination and seedling 
development. 

Effects on DNA 

Assuring DNA integrity is a factor of key importance to avoid errors of replication and synthesis of DNA. A strong 
increase in DNA synthesis only occurs at the end of germination (phase III) in both primed and unprimed seed, 
as shown in wheat seed (Dell’Aquila and Taranto, 1986).  

However, subsequent studies showed some effects of priming on DNA synthesis also in phase II. Leek (Allium 
porrum (L.) J. Gay) seed exhibited a small increase of DNA content in the embryo during this phase, because of 
plastid- and mitochondrial-DNA replication for the repairing processes (Osborne, 1983). Thereafter, an increase 
in DNA was observed 14 days after the treatment in both primed and unprimed treatment, when the seed had 
entered the irreversible germination phase (Bray, 1995). It also appears that the pre-replication repair of 
damaged DNA favours DNA synthesis (Varier et al., 2010). A further proof of the positive effects of priming on 
DNA is offered by a study on Brassica oleracea L., where an aerated hydration determined an advance in DNA 
synthesis (Thornton et al., 1993). 

 
Fig: cell cycle 

In spite of its crucial role, the amount of DNA which is needed in the repair processes is only 20-30% of the total 
DNA synthesized during priming. The rest is mainly represented by mitochondrial DNA; in fact, the number of 
mitochondria was shown to rapidly increase during priming in leek seeds (Ashraf and Bray, 1993). In addition to 
DNA synthesis for the repair processes and new plastids and mitochondria, in several species such as tomato 
(Lantieri et al., 1994; Ozbingol et al., 1999), pepper (Capsicum annuum L.) (Lantieri et al., 1993, 1994) and sugar 
beet (Beta vulgaris L.) (Redfearn and Osborne, 1997), a DNA synthesis for cell division was also observed. This 
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synthesis involves the DNA fraction (4C DNA) active in the phases of synthesis (S) and preparation for cell 
division (G2) within the cell cycle. 

The enhancement of DNA replication during priming depends on species, cultivar, seed lot quality (Lantieri et 
al., 1994) and treatment conditions (Ozbingol et al., 1999). Priming per se has no direct effect on cell division, 
but advances its beginning (G1 and G2 phase of mitosis) from phase III to phase II of seed imbibition (Ozbingol 
et al., 1999). This advance is enabled by an accumulation of β-tubulins in primed seed, which are proteins 
involved in maintaining the cell cytoskeleton and forming the microtubules necessary to cell division (De Castro 
et al., 1995, 2000). The accumulation of tubulins is associated with the synchronization of cells on the G2 phase; 
in the subsequent phase III, cell division takes simultaneously place in all cells. 

Effects on RNA 

Osmopriming increases the RNA content in the embryo and reserve tissues of leek (Bray et al., 1989), tomato 
(Coolbear and Grierson, 1979) and lettuce (Khan et al., 1980). Bray et al. (1989) proved that this accumulation 
involved rRNA (ribosomial RNA; 85% of total RNA), in a turnover between degradation of damaged rRNA and 
synthesis of new rRNA, while the level of mRNA (messenger RNA; 0.5% of total RNA) remained constant. rRNA 
is as much necessary to repair cell damages as DNA. Priming allows the recovery of rRNA integrity (Coolbear et 
al., 1990), in turn ensuring a correct coding of amino acids for the synthesis of proteins during seed germination. 

DNA Repair 

DNA repair is a key component of the ‘pre-germinative metabolism’ activated when water up-take starts and 
throughout imbibition, accompanied by uncontrolled ROS accumulation. All the main DNA repair pathways 
(e.g., Base- and Nucleotide-Excision Repair, BER and NER) are activated during the early phase of seed imbibition 
to maintain genome integrity (Macovei et al. 2010, 2011; Balestrazzi et al. 2011, 2012; Chen et al. 2012; 
Co´rdoba-Can˜ero et al. 2014). Transcription Coupled-Nucleotide-Excision Repair (TC-NER), a subpathway which 
specifically recognizes and removes lesions from the transcribed strands of transcriptionally active genes (Shuck 
et al. 2008), has been investigated during seed germination in rice (Oryza sativa L.) by Macovei et al. (2014) who 
highlighted the requirement for DNA helicases to facilitate proper unwinding of the DNA duplex during 
transcription. Furthermore, microRNAs targeting helicases in the context of the DNA damage response and 
repair in rice seeds/ seedlings have been also investigated under gamma ray induced oxidative stress conditions 
by Macovei and Tuteja (2013), expanding the current knowledge on the seed response to treatments mediated 
by ionising radiation or physical vigorization’ (Grover and Khan 2014). Proper DNA repair relies on the efficient 
ligase-mediated rejoining of broken strands and DNA ligase VI has been identified as the major determinant of 
seed longevity in Arabidopsis (Waterworth et al. 2010). 

Conclusion 

Seed priming is a commercially used technique for improving seed germination and vigor. It involves imbibition 
of seeds in water under controlled conditions to initiate early events of germination, followed by drying the 
seed back to its initial moisture content. This article summarizes the recent information available on the various 
subcellular processes associated with priming which led to seed enhancement. And discusses the role of 
synthesis of specific proteins in response to priming. The effect of priming on DNA repair, gene expression and 
synthesis of new message and protein synthesizing machinery are included. The enhancement in the energy 
metabolism of the cell by priming and the effect of priming in advancing and synchronizing the stage of the cell 
cycle. 
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Introduction 

In the hybrid seed production, seed yield and its quality attributes can be increased through proper 
synchronization of flowering of parental lines and optimum female to male parental rows. The hybrid seed is 
produced generally by planting the parental lines alternating each other at a definite row proportion. This 
planting proportion of rows decides the amount of hybrid seed produced and is influenced by vigour of the 
parents (male and female) and especially the pollen production ability of male parent. To get more hybrid seed, 
one may be tempted to put a greater number of female rows without taking care to supply adequate pollen to 
all seed parent rows. The optimum planting ratio worked out for one hybrid may not be the same for another 
hybrid of a same crop or in different crops. In hybrid seed production the seed parent and pollen parent are 
planted in a certain row ratio at certain spacing. The row ratio and spacing of pollen parent and seed parent 
have a distinct effect on the hybrid seed yields. The row ratio or row proportion refers to the number of rows 
of the male parent (R line) to that of the female parent (A line) in a seed production plot. Suppose if we plant 2 
rows of `R' line followed by 8 rows of `A', the row ratio can be taken as 2:8. In hybrid rice seed production plot 
the recommended male (R) to female (A) row ratio is 2:8. However, the row ratio may vary from region to 
region, depending on weather, management and parental lines. R and A lines can be planted in several row 
ratios of 2:8; 2:12; 3:10 etc. 

Factors Influencing Row Ratio 

The ratio of pollen parent (R line) to seed parent (A line) is determined by the characteristics of the parental 
lines:  
1. Plant height of pollinator. Growth and vigour of the pollinator.  
2.Size of the panicles and amount of residual pollen.  
3. Duration and angle of floret opening in CMS lines.  
4. Stigma exertion of CMS lines. 

To facilitate out crossing, the rows of male and female in the seed production plot should be perpendicular to 
the prevailing wind direction expected at flowering time of the parents. It is simultaneous flowering of male 
and female parent in seed production is known as synchronization. The synchrony in flowering of male and 
female parent is termed as nicking. It is essential for commercial large-scale production of hybrids in different 
crops. Synchronization in flowering between the parental lines assumes greater importance as the seed set on 
female parent depends on the amount of pollen supplied from the male parent during flowering period. Failure 
to obtain proper synchronization is the most commonly encountered problem in hybrid seed production, 
resulting in very poor or no seed set at all. The knowledge on flowering behaviour of the parental lines which 
varies with locations and seasons is very much essential to know the exact difference in days to flowering 
between the parents. If the flowering gap is more, the problem of non-synchronization could be overcome by 
staggered sowing of male parent based on the information on days to flowering at each location and season. 
Some, time in spite of adjusting the sowing date, the parents do not flower at a time because of the differential 
response of the parents to the change in environmental conditions. Therefore, it is essential to adjust the 
flowering of parental lines after observing the difference at primordial development stage. If the difference in 
flowering is marginal, it can be manipulated to some extent by the application of gibberellic acid, urea, 
phosphorus etc. 
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Synchronization in Rice 

1. Staggered Sowing of Male Parents: 
a. Seedling date is usually determined by leaf age, effective accumulated temperature (EAT), and growth 
duration. 
b. In general, the period from initial to full heading of a CMS line is 4-6 days longer than for a restorer 
line. 
c. The first sowing of the male parent establishes the dates for second and third sowing. 
d. The second sowing is done when the leaf emergence on the first sowing is 1:1 the third sowing when 
the leaf emergence is 2:1. 
e. The second sowing is the main parent. 
f. The planting ratio for sowing at different dates is 1:2:1. 

2. By Fertilizer Application: 
a. Beginning about 30 days before heading. 
b. Young panicle development is compared under magnification. During the first three stages of panicle 
differentiation, treat the earlier developing parent with quick releasing N fertilizer. 
c. Urea spray @ 2% enhances flowering. 
d. Spray the later developing parent with Potassium dihydrogen phosphate @ 1.5%. 
e. This adjusts development differences of 4-5 days. 
f. Foliar spray of 400 ppm maleic hydrazide (MH) to female parent at panicle initiation delayed the 
flowering by 3.5 days. 

3.  By Water Management: 
a. During later stages of panicle differentiation. 
b. Draining water from the field will delay male parent panicle development. 
c. Higher standing water will speed panicle development. 

4. By GA3 Application: Spray GA3 @ 75 g/ha with knapsack sprayer in two split doses, i.e., 1st spray on 15-20% 
ear head emergence and 2nd spray in the next day for enhanced seed set. 

In order for seed production to succeed, seed A and R lines must be sowed to ensure the synchronization of the 
flowering of lines, encouraging cross-pollination, which is a crucial factor in the production of hybrid seeds (Mao 
et al., 1998). Some techniques to synchronize the flowering of parental lines for the production of hybrid rice 
seeds have been studied for over 30 years, although few details, such as the application of nitrogen fertilizers, 
phosphate and other growth promoting chemicals, have been reported in literature (Huang et al., 1994). In 
addition, other potentially applicable techniques, such as the use of different seeding depths and densities, can 
be studied. In general, the aim of all these agronomic techniques is to identify optimal conditions for cross-
pollination (Huang et al., 1994), which should be investigated to synchronize the timing of flowering between 
parental lines and to raise allogamy in the production of rice hybrid seeds. According to Mao et al. (1998), if the 
pollinator line (R) flowers before the male sterile line (A), there is a reduction in the productivity of hybrid seeds; 
however, when the male-sterile line (A) flowers two to three days before the pollinator line (R), high 
productivity seeds are produced. These findings confirm the potential benefits of the techniques, as small 
adjustments in the early flowering of the parental lines can determine the productive potential of the seed 
production field. Some studies shown that lower temperatures extend (Rodrigues et al. 2001) and higher 
temperatures shorten (Walter et al. 2010; Lago et al. 2008; Tao et al. 2008) the flowering period of rice. Mondo 
et al. (2016) inferred that nitrogen fertilization technique applied to the soil or foliar at the time of panicle 
differentiation does not affect the time of onset of flowering of rice varieties INTA Puitá CL and L106R, which 
are potential R lines for the production of hybrid rice. Agronomic techniques of variation in sowing depth, 
seeding rate and the phosphate fertilization affect the time of onset of flowering from 10 to 19 degree-days, 
which could represent two days in the crop cycle, for the line L106R. Such techniques constitute potential 
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alternatives for use in hybrid rice seed production systems and could be applied in alternated blocks of R lines 
in the field to obtain longer periods of pollen availability in the field. 

Biradar patil et al. (2006) Experiment was conducted to know the influence of different techniques on flowering 
synchronization and seed yield in Karnataka Rice Hybrid-2. The results indicated that the location of seed 
production influenced the flowering and seed yield significantly. Early sowing of male parent by eight and four 
days was found to achieve better synchronization in flowering and increased seed yield by 115 and 129 per 
cent, respectively, over unstaggered control. The foliar spray of GA3 (100 ppm), single super phosphate (1.0%) 
and KNO3 (1.0%) to male parent at panicle initiation, enhanced the 50 per cent flowering by 3.7, 3.2 and 3.2 
days and hybrid seed yield by 39, 32 and 28 per cent, respectively, over control. Application of additional 
nitrogen (25 kg/ha) to soil coupled with foliar spray of 2.0 per cent urea to female parent at panicle initiation 
delayed the 50 per cent flowering by 4.7 days and increased the hybrid seed yield by 103 per cent over control. 

Synchronization in Sorghum 

Adopt Staggered Sowings.  
1. The advancing parent has to be sprayed with 500 mg of maleic hydrazide in 1 litre of water, 45 days after 
sowing.  
2. 1% urea solution can be sprayed on late parent.  
3. One irrigation may be skipped for the advancing parent.  
4. Flowering can be delayed, by spraying CCC (Chloro Chlorine Chloride) @ 300 ppm.  

Kannababu et al. (2002) achieve higher seed set, the influence of different synchronization treatments on floral 
behavior of parents and hybrid seed yield was studied in two sorghum hybrids CSH 15R (rabi hybrid) and CSH 
16 (kharif hybrid) during rabi 1999-2000 and 2000-2001.other than staggered sowing, the alternate measures 
for synchronization of parental lines were found to improve the seed set. The application of gibberellic acid and 
nitrogen supplementation at varying doses to the late flowering parental lines could bring both the parents to 
proper nicking in the two hybrids studied. In case of CSH 16 the seed soaking of late flowering parents for 20hrs 
in water could lead to higher seed set compared to control. As the gap in flowering of male and female parents 
was just 3 days, it is cost-effective compared to the application of GA spray and nitrogen supplementation. The 
flowering of lagging parent can be hastened by selective synchronization treatment specific to each sorghum 
hybrid. Thus, the present study brought out the useful information to synchronize the flowering of both the 
parents involved in seed production of two different sorghum hybrids. Singh and Shelke (1984) conducted 
synchronization studies in two sorghum hybrids viz., CSH-5 and CSH-9 at sorghum research station, Parbhani. 
Along with recommended dose, 12 different doses of NPK fertilizer were applied which influenced the flowering 
in parental lines. Early flowering by 3 and 2 days in female parents of CSH-5 (MS-2077A) and CSH-9 (MS-296A) 
was observed with additional dose of 100 kg N plus 30 kg P / ha. 

Maize 

Sudipta Basu Bhaumik et al. (2007) studied different maize hybrids for their field emergence, vegetative growth, 
flowering behavior synchronization pattern and seed yield of Ganga-1, Ganga-11, Ganga safed-2, PHM-1 and 
PHM-2 in monsoon, winter and spring summer season. The result revealed the feasibility of seed production of 
hybrid PHM-1 and PHM-2 in all the seasons and of Ganga-1, Ganga-11 and Ganga safed-2, only in monsoon 
season and with adoption of flowering manipulation practices in winter and spring-summer season under 
North-East condition. Tanwir Alam et al. (2007) observed proper synchronization in flowering of parents of 
Shaktiman -1 hybrid with two days staggered sowing of male parent (2 days late sowing of male parent than 
female) compared to the other helps to get synchrony and also high seed yield in maize. Yegappa et al. ((2010) 
investigated different methods for flowering synchronization and seed yield of maize hybrid DMH-2 during 
kharif of 2010. The study consisted of nine treatment combinations, which including three nitrogen application 
(T1, T2 and T4), one staggered sowing (T3), and four pre-sowing seed treatments (T5, T6, T7 and T8), along with 
control (T9). The results of the study revealed that among the different methods to achieve synchronization of 
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flowering, pre-sowing seed hydration (6 h) +10% additional N soil application to female parent resulted in better 
synchronization of flowering (1.34 days) and resulted in significantly highest seed yield (38.33 q/ha) over 
simultaneous sowing control (23.07 q/ha). This treatment also hastened the first flowering in female parent 
(47.33 days) and increased the cob length, cob weight (163.00 g/plant), number of seeds rows per cob (14.00), 
seed weight per cob (132.07 g), seed set % (96.45), 100 seed weight (29.79 g) compared to other treatments. 

Synchronization in Pearl Millet 

1. Adopt Staggered Sowing of parental line which are early in flowering  
2. 1% urea sugar solution can be sprayed on lagging parental line.  
3. Jerking of early parent delay the flowering.  
4. To enhance the growth of lines lagging behind, extra nitrogen fertilization or foliar spray may be used.  

Experiment carried out by Tejagouda et al. (2014) revealed that sowing of male parent by 8 days earlier to 
female with 50% N at the time of sowing + 25% N at 25 DAS + 25% N at 35 DAS recorded less number of days 
for 50 per cent flowering in male (52.0 days) and female (51.3 days) and also recorded higher plant height (182.4 
cm), ear length (19.0 cm), ear diameter (3.0 cm), ear weight per plant (28.3 g), number of seeds per ear (2658.0 
seeds), seed weight per ear (21.0 g), seed set per cent (91.6 %) and 1000 seed weight (11.2 g) which resulted in 
increased value compared to other treatments. 

Synchronization in Sunflower 

1. Flowering behaviour of parental lines should be ascertained in the hybrid seed production.  
2. There should not be more than 3 to 4 days difference in the flowering to avoid stagger problems.  
3. In case of BSH-1, DRSH-1 and PKVSH-27 hybrid seed production, simultaneous sowing of both parents is 
recommended.  
4. However, the R line has to be sown 8 days early in case of KBSH-1 and 4 days later in case of APSH-11.  

Monthly sowing of parental lines of BSH-1, namely CMS 234A (female) and RHA-274 (male), were carried out 
by Ujjinaiah et al. (1988) by adopting 3:1 ratio in the middle of every month from July, 1981 to June,1982. The 
best synchronization of flowering between seed parent (57.5 days after sowing) and pollen parent (57.3 days) 
was observed with the May sowing. 

Kiran Kumari Agarwala et al. (1998) opined that synchronization of flowering between parental lines of 
sunflower hybrids APSH 11, KBSH 1 and LSH 3 could be achieved through selective additional application of 
nitrogen @ 60 kg/ha to the parents where the flowering is required to be delayed. The additional nitrogen 
increased the number of whorls opening per day, head diameter, per cent seed filling, 100-seed weight and 
seed yield in all the male and female parental lines of three hybrids. 

Chakrabarty et al. (2005) studied synchronization of flowering in parental lines of sunflower (Helianthus annuus) 
hybrid 'KBSH 1' having a gap of 7-11 days in flowering under different agro-climatic conditions. Seed treatment 
with simple hydration to the female parent and with GA3 @ 50 ppm to the male parent for 18 hours before 
sowing and spraying urea (1%) thrice on alternate days at the button formation stage to the male parent 
resulted in a good degree of synchrony in flowering between the parental lines. 

Chakrabarty (2008) reported that synchronization of flowering of parental lines is a prerequisite for successful 
hybrid seed production. In sunflower hybrid TCSH-1 a gap of one week in flowering between the seed and pollen 
parent was bridged by a simple seed hydration treatment with GA3 (50 ppm) and a spray of urea (1%) at button 
formation thrice, on alternate days. The results suggested a perfect synchronization of flowering not only in 
terms of first flowering in both A and R line, but also a good match in frequency of plants flowered in both A 
and R lines on a given day during flowering. 

Shakuntala et al. (2012) reported higher seed yield (989.73kg/ha) and seed weight (44.29 g/plant) when male 
parent was sown six days late to female parent which may be due to better synchronization of flowering of 
parental lines in RSFH-130 sunflower hybrid. The lower seed yield per ha was recorded with simultaneous 
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sowing and seed weight per plant with nine days late sowing of pollen parent. Sowing of pollen parent three 
days and six days later to seed parent resulted in higher 100-seed weight, kernel weight, volume weight, dry 
weight and germination as compared to simultaneous sowing and nine days later sowing of pollen parent to 
seed parent. 
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Introduction 

Term “Artificial seed” coined by Toshio Murashige, 1977. Synonyms: Manufactured seed, Synthetic seed or 
Synseed. Synseed is an artificially encapsulated somatic embryo, shoot, bud or any other meristematic tissue 
that can be used as functional mimic seed for sowing, possesses the ability to convert into a plant under in-vitro 
or ex-vitro conditions, and can be stored. (Ara et al., 2000). 

Types of Synthetic Seed 

Desiccated Synthetic Seed: These are produced from somatic embryos either naked or encapsulated in 
polyoxyethylene followed by desiccation. Desiccation is achieved by slowly over a period of one/two weeks 
using chambers of decreasing RH or rapidly by unsealing petridishes and living them on bench overnight to dry. 

Encapsulated hydrated: These are produced in those plants where somatic embryos are recalcitrant and 
sensitive to desiccation. Coating agents:  Agar, sodium alginate, potassium alginate, sodium pectate, sodium 
alginate with carboxymethyl cellulose, gelatin, guar gum, etc. tested as hydrogels. Sodium alginate mostly used. 

How Artificial Seeds Produced: Steps 

1. Shoot buds cut from shoot cultures can be used for artificial seed production. They are cut to 2-3mm in size 
and placed in the Encapsulation matrix (sodium alginate) – Protection & Germination. 
2. Those cultured plant parts allowed to form Somatic embryos. 
3. Using a sterile 10ml pipette, the shoot bud or somatic embryo is drawn up with some encapsulation matrix 
(Sodium algenate).  

Why alginate?  
1. it has Moderate viscosity, low toxicity for SE, Quick gellation, Low cost. AGAR is considered inferior to alginate 
with respect to long term storage. Alginate chosen because it enhances capsule formation & protect SE’s against 
mechanical injury. 

2. The shoot bud or somatic embryo is dropped into the complexation solution (calcium nitrate) and a capsule 
is formed and allowed to harden. Capsule hardness can be controlled by the concentration of the complexation 
solution and the complexation time. Size of the capsule is determined by the size of the somatic embryo and 
the inner diameter of the pipette used. 

Why Hardening; To block precocious germination & to increase embryo survival after desiccation. To increase 
ability of polyox-encapsulated embryos to survive under stress of ABA, Temperature, Sucrose, Increased density 
of Plant. 

Principle:  formation of round and firm Ca-alginate beads due to an ion exchange process between Na+ & Ca++ . 
Hardness depend upon number of sodium ions exchanged with calcium ion.   

Seed Hardening in Papaya:  B. Castillo et al.  
1. The duration of exposure to CaCl2 during the hardening process significantly affected the frequency of 
germination from encapsulated somatic embryos. 
2. The highest frequency of plant regeneration (77.5%) was obtained when the beads coated in 2.5% Sigma 
sodium alginate dissolved in half-strength MS medium were submerged for hardening for only 10 min in 50 mM 
CaCl2. 
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3. In contrast, following 30 min of exposure to 50 mM CaCl2, a very hard bead was formed, and a lower 
percentage of regeneration into plantlets was ultimately achieved (46.3%). 

4. The lack of any visible necrosis on these SEs suggests that- the increased resistance from the firm bead, rather 
than CaCl2 toxicity, was responsible for the depressed germination rate. 

Other findings: Molle et al. found that for the production of synthetic seeds of Carrot, 1% sodium alginate 
solution, 50 mM Ca++ and 20–30 min time period was satisfactory for proper hardening of calcium alginate 
capsules.  They have suggested the use of a dual nozzle pipette in which the embryos flow through the inner 
pipette and the alginate solution through the outer pipette.  As a result, the embryos are positioned in the 
centre of the beads for better protection. 

Artificial Endosperm 

Addition of Nutrients and Growth regulators to the encapsulation matrix– serves as artificial endosperm. It helps 
in Increasing germination efficiency and viability of embryo. 

Storage of Synthetic Seed 

The capsules or artificial seeds are collected by decanting off the complexation solution and rinsed in water. 
Dehydrated by drying and hardened to keep only 6% water. Then stored in dark for 10-20 weeks at 25°C at 40-
50% RH. To enhance longevity- Abscisic acid may be incorporated. 

Advantages 

1. High volume, large scale propagation method. 
2. Maintains genetic uniformity of plants. 
3. Direct delivery of propagules to the field, thus eliminating transplants. 
4. Lower cost per plantlet. 
5. Rapid multiplication of plants. 

Limitations 

1. Limited production of viable micropropagation. 
2. Asynchronous development of SE. 
3. Lack of dormancy & stress tolerance in SE. 
4. Improper maturation of SE that makes them inefficient for germination and conversion into normal plants. 

Conclusion 

Requirement for the practical application of the artificial seed technology in the large-scale production of high-
quality micro propagule, which is at present a major limiting factor. The Synthetic Seed Technology offers 
tremendous potential in micropropagation and germplasm conservation. Future research is need to perfect the 
technology so that it can be used on a commercial scale. 
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Introduction 

Crops including grains, vegetables and fruits are common raw materials in the food, medical and chemical 
industries. As such, seed quality and safety evaluation are important to consumers and industry. The yield and 
quality of crops, which are primary concerns of producers and consumers, are dependent on seed quality from 
pre- to post-harvest. Vegetables and fruits are primary sources of food, and their seeds also have significant 
function. Moreover, the safety and quality of crop seeds or their products are directly or indirectly related to 
human health; nevertheless, evaluation of these parameters is a time-consuming process. For example, the 
calculation of germination percentage requires manual counting and grading of germinating seedlings by 
experienced technicians. Therefore, rapid, simple, and accurate detection techniques must be developed for 
farmers and the food industry to ensure seed safety and quality during seeding, growth, harvesting, storage and 
transport to consumers. 

In agricultural production, seed quality comprises varietal quality and sowing quality, which represent different 
seed characteristics. Variety quality is related to the genetic characteristics of seeds and can be summarised as 
seed purity and authenticity, which are important factors that contribute to final crop production. Sowing 
quality is associated with sprout and growth conditions of seeds after sowing; this parameter includes seed 
cleanliness, kernel maturity, pest infection rate, moisture content, vigour and germination. Molecular 
identification, DNA analysis, isotope fingerprinting and mineral element analysis have been used to detect 
variety quality of seeds. Meanwhile, protein electrophoresis, gas chromatography, high-performance liquid 
chromatography and artificial technologies have been employed to evaluate sowing quality of seeds.  

Most of above chemical and physical techniques exhibit high accuracy and good reliability but also present 
certain limitations, such as high cost, health hazard, lengthy duration and high operator requirements. With 
increasing demand for rapid, non-destructive and reliable evaluation of seeds in the modern industry, high-
performance techniques must be developed for evaluating seed quality and safety. A number of non-
destructive testing technologies have been developed, including artificial taste (electronic tongue) and   
olfaction (electronic nose), acoustic and optical methods, computerised tomography scanning, magnetic 
resonance imaging and multisensory data fusion. This review mainly focuses on three novel optical 
technologies, namely, machine vision, near-infrared spectroscopy and hyperspectral imaging. Data processing, 
analysis methods and their applications in safety detection and quality control of different seeds. 

Sensor 

Sensors are detectors that have the ability to measure some type of physical quality that is happening, such as 
pressure or light, biochemical and physiological qualities.  The sensor will then be able to convert the 
measurement into a signal that one will be able to read. Sensors have been around for quite some time in 
various forms. The first thermostat came to market in 1883, and many consider this the first modern, manmade 
sensor. 1st colour sorter machine sorter machine STAKE company-1932. Infrared sensors have been around 
since the late 1940s, even though they’ve really only entered the popular nomenclature over the past few years. 
1st multichannel colour sorter machine –Peanut and Rice industry-1972. Motion detectors have been in use for 
a number of years. The answer is going to depend upon the exact type of sensor in question. For the electric 
thermostat, the inventor would be Warren S. Johnson. While it might have seemed crude by the modern 
standards that we have today, this thermostat was able to keep temperatures within a degree of accuracy 
something that is better than some of the low-quality thermostats on the market today! The first motion sensor 
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used for an alarm system came about in the early part of the 1950s, and was the invention of Samuel Bagno. 
His device made use of ultrasonic frequencies as well as the Doppler Effect. 

Types of Sensors 

1. IR Sensor (Infrared Sensor). 
2. Temperature & Thermocouple Sensors. 
3. Ultrasonic Sensor. 
4. Optical Sensor. 

IR Sensor (Infrared Sensor) 

An infrared sensor is used for emitting and detecting IR radiation. By this principle, IR sensor can be used as 
Obstacle detector. infrared region is divided into three regions as Near Infrared, mid Infrared and far Infrared 
region. Infrared spectrum has a higher frequency range than microwave and lesser frequency than visible light. 
Used in spectroscopy and moisture. 

1. Temperature & Thermocouple Sensors: As discussed, analog sensor produces signals that are continuously 
varying with time. The output value from the sensor will be very small in range of microvolts or milli volts. Due 
to this, signal-conditioning circuits are required for amplification. Analog to digital (ADC) converters are used to 
convert the analog signal obtained into a digital value. Temperature sensor sense the temperature and 
measures the changes in the temperature. Other types of temperature sensors are Thermocouples, 
Thermistors, Resistive Temperature Devices (RTD) and Temperature Sensor ICs (LM35) etc. 

 

2. Ultrasonic Sensor: Ultrasonic sensors are used to measure distance or travel time using ultrasonic waves. A 
source will be   used to emit ultrasonic wave. After wave hits the target, the waves are reflected and the detector 
collects the signal. The travel time between the transmitted wave and reflected wave is measured using 
Ultrasonic sensor. Optical sensors use two different elements for transmitter and receiver. Whereas ultrasonic 
sensor uses single element for transmission and reception. Used to test the Internal insect infestation in seeds 
(Shade et al 1990, American Entomologist, 36(3): 231–235). 

 

4. Chemical sensor: It is a device that transforms chemical information (composition, presence of a particular 
element or ion, concentration, chemical activity, partial pressure…) into an analytically useful signal. Use: e-
nose 
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5.  Optical Sensor: These sensors are most commonly used in seed quality in testing. Converts light rays into an 
electronic signal. Purpose of optical sensor to measure a physical quantity of light and depending on the type 
of sensor, then translates it into a form that is readable by an integrated measuring device.  

6. Principle: the transmitting and receiving of light in an optical sensor, the object to be detected reflects or 
interrupts a light beam sent out by an emitting diode. Depending on the type of device, the interruption or 
reflection of the light beam is evaluated. 

Sensor Based Technologies for Seed Quality Measurement 

1. Optical sensors: 
a. Machine vision. 
b. Spectroscopy. 
c. Hyperspectral imaging. 
d. Thermal imaging. 
e. Soft X-ray imaging. 
f. Chlorophyll fluorescence. 

2. Chemical based sensors: Electronic nose. 

Uses 

1. Seed health.  
2. Chemical composition of seed.  
3. Variety identification and classification.  
4. Seed viability. 

Advantages Over Physical and Chemical Test 

1. Rapid.  
2. Seeds not damaged.  
3. High accuracy. 
4. Less chance of human error.  
5. No bio-chemical changes in seed. 

Optical Sensors 

1. Machine vision: Machine vision, also known as computer vision or computer image processing, is an 
engineering technology that involves computers, optics, electronics, mathematics, information theory, artificial 
intelligence, pattern recognition, automation, visionist, mathematical morphology, digital image processing and 
other specialists. Machine vision is a type of artificial intelligence that deals with simulating human vision. This 
technique is non-destructive, reliable and rapid and has been proven to be an effective and powerful technique 
for safety detection and quality evaluation of food and agricultural products, particularly crop seeds. A typical 
machine vision system generally consists of five basic components: illumination system, sensor or camera, 
frame grabber or digitiser, monitor and computer (figure 2). 

Most applications of   machine vision deal with the visible spectrum (380 to 780 nm). A machine vision system 
should be capable of identifying and grading seeds based on image features, such as size, shape, colour and 
texture (table 1). Colour refers to the intensity of pixels, size reflects the number of pixels, shape describes the 
target boundary and texture denotes the dependency between pixels and their neighbouring pixels or variation 
in pixel intensities. The superiority, disadvantages and feasibility of different image features should be 
simultaneously considered to select the most suitable feature for specific applications (Zheng et al., 2006; 
Jackman and Sun, 2013). Machine vision has already been used, with varying success, to assess seeds of a range 
of crop and non-crop species (table 2). 
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Fig: computer vision system 

2. Spectroscopy: 
a. It is used to investigate and measure the spectra produced when matter interacts with, or emits, 
electromagnetic radiation (Huang et al., 2015).  
b. Widely using sensitive and fast analytical techniques: near-infrared- (NIR), mid-infrared- (MIR), 
fluorescence, Fourier transform infrared- (FT-IR) and Raman spectroscopy. 
c. Quality analysis of a variety of agricultural seeds. 
d. Lipids, proteins and carbohydrates, and is sensitive to minor components. 

 
Fig: non-destructive seed quality measurement 

Number of samples. Improvement for seed quality traits depends on the availability of fast and accurate 
methods for their measurements in breeding practice. So NIRS could become a powerful green tool for the 
routine analysis of the studied traits in rapeseed mustard. 

3. Hyperspectral imaging: Hyperspectral imaging has recently emerged as a powerful analytical technique for 
food quality and authenticity analysis. This technique is used to acquire both spectral and spatial information 
from an object (Wu and Sun, 2013). A hyperspectral imaging system includes light sources, wavelength 
dispersion devices and detectors. Hyperspectral imaging has been widely used by researchers to evaluate the 
exterior quality of seeds and predict their internal composition. 
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Thermal Imaging 

Converting the invisible radiation pattern of an object into visible images for feature extraction and analysis 
without establishing contact with the object. The surface temperature of any object can be mapped at a high 
resolution in two dimensions. Thermal cameras are easy to handle and highly accurate temperature 
measurements are possible. It does not require an illumination source, unlike other imaging systems. 

Application: Agriculture, starting from assessing seed quality, especially in detection of diseases, insects and 
seedling viability, (Chelladurai et al., 2010). 

Soft X-Ray Imaging 

Electromagnetic waves with wavelengths ranging from 1 to 100 nm (and energies of approximately 0.12 to 12 
keV) are called soft X-rays.The low penetration power of these waves and their ability to reveal internal density 
changes make soft X-rays suitable for use in evaluating agricultural products (Neethirajan et al., 2007). Soft X-
ray imaging has begun to be used in the seed industry to detect internal voids, defects and insect damage 
(Karunakaran et al., 2004). 

 

Electronic Nose 

An electronic nose is an instrument consisting of an array of electronic and chemical sensors with partial 
specificity and a pattern recognition system that is capable of recognizing simple or complex odours (Wilson 
and Baietto, 2009). Electronic nose devices have been employed in a wide variety of applications, including 
classification of kernels and microbial pathogen detection. 

Working Principle of an E-Nose 

1. Electronic noses include three major parts: 
a. Sample delivery system. 
b. Detection system. 
c. computing system. 

2. Sample delivery system: Enables the generation of the headspace of a sample. The system then injects this 
headspace into the detection system of the e-nose.  

3. Detection system: Consists of a sensor set, is the "reactive" part of the instrument. Adsorption of volatile 
compounds on the sensor surface causes a physical change of the sensor; they experience a change of electrical 
properties. A specific response is recorded by the electronic interface transforming the signal into a digital value. 

4. Computing system: Works to combine the responses of all of the sensors, recorded data are then computed 
based on statistical models. 

5. Output: The output from the sensor array may be interpreted via a variety of methods such as pattern 
recognition algorithms, principal component analysis, discriminant function analysis, cluster analysis, artificial 
neural networks to discriminate between samples. 
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Based on the Type of Sensors Employed, E-Nose can be Classified into the Following 
Categories 

1. Conductivity sensors. 
2. Polymer sensors. 
3. Piezoelectric sensors. 
4. FET gas sensors. 
5. Optical sensors. 

Chlorophyll Fluorescence Sensor 

It will sort the seeds based on chlorophyll content, High chlorophyll content seeds are immature and low 
chlorophyll content seed are matured. 

 

Seminar Conclusion 

Sensor based techniques can be used effectively as reliable and accurate tools for the composition prediction, 
variety identification and classification, quality grading, damage detection, insect infestation detection and 
viability and germinability prediction of agricultural seeds. Rapid, accurate, reliable and simple tools for quality 
assessment of seeds. Sensor based techniques exhibit great potential to be dominant methods for quality 
assessment of seeds. 
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Climate change has become increasingly recognized as one of the greatest challenges to humankind and all 
other life on earth. Worldwide changes in seasonal pattern , weather events, temperature ranges and other 
related phenomena have all reported and attributed to global climate change. Climate change in causing 
noticeable effects on the life cycles and distribution of the world’s  vegetation  including wild medicinal and 
aromatic plants. Some medicinal and aromatic plants are endemic to geographic regions or ecosystems 
particularly vulnerable to climate change which could put them at risk concerns regarding the survival and 
genetic integrity of some medicinal and aromatic plants in the face of such challenges are increasingly being 
discussed within various forums. 

One of the medicinal plant’s species that Dr. Salick and former graduate student Wayne Law, Ph.D. have studied 
specifically in snow lotus (Saussurea laniceps, Asteraceae), a plant that has been traditionally used in Tibetian 
medicine to treat high blood pressure, heart conditions and women’s conditions and women’s conditions (i.e., 
child birth days menorrhea). Despite these threats , experts have indicated that island medicinal and aromatic 
plants may not be significantly affected by conditions related to climate change. Many of the plants used by 
island communities are common species that are widespread and highly adaptable. Rainforest ecosystems are 
also considered to be particularly threatened by climate change. Climate Modelling studies have indicated that 
these regions are likely to become warmer and drier, with a substantial decrease in precipitation over much of 
the Amazon. Such changes could ultimately convert areas of the Amazon’s tropical forest into dry savannah and 
result in significant loss in biodiversity, according to the latest IPCC report. 

Some effects of climate change appear to be impacting plants worldwide. For instance, evidence has shown 
that climate change has been affecting vegetation patterns such as Phenology and distribution. Some wild 
plants, including medicinal and aromatic plants have begun to flower earlier and shift their ranges in response 
to change in temperature and weather patterns. 

Conclusions 

The impact of climate change is apparent within ecosystems around the world, including medicinal plant 
populations. Medicinal and aromatic plants in arctic and alpine area face challenges associated with their rapidly 
changing environments and some researchers have raised concerns regarding the possible losses of local plants 
populations and genetic diversity in those areas. 
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Looper Caterpillar 

It is a serious pest of tea in North East India. Young caterpillars feed on the tender leaves, making punctures 
along the margin while mature larvae prefer older leaves. Grown up larvae feed entire leaf leaving midrib alone. 
In severe cases of attack, tea bushes are completely denuded. 

Bunch Caterpillar 

It is a smooth greyish-coloured larva defoliates plant. Adult is a golden-brown moth. 

Lobster Caterpillar 

Two or three caterpillars can completely devour all the leaves of a small plant in two to three days. Moths have 
greyish white wings with a few reddish-brown spots on forewings. Eggs are white and finely sculptured. Egg 
period 5-10 days. Brownish black caterpillar resembles dry leaves. Larva has projecting body processes similar 
to Lobster. Larval period is 3-4 weeks. Pupation takes place inside woody cocoon. Pupal period is 10 – 14 days. 

Flush Worm 

Caterpillar ties up the margin of tender leaves and forms a case enclosing the bud. Worms feed on the upper 
epidermis of leaves. Affected leaves become rough, crinkled and leathery. Shoot growth is arrested when buds 
are damaged. Adult is a very small moth, blackish brown in colour. Eggs are pale yellow and laid singly on the 
under surface of mature leaves. Incubation period is 4-5 days. Larva is brown and larval period is 19-25 days. 
Pupation takes place on the petiole region of outer most leaf. Pupal period is 8 – 10 days. 

Tea Tortrix 

It is an important pest in Sri Lanka. Caterpillars make leaf nests by webbing the leaves using silken threads and 
feed from inside. Single caterpillar makes several cases. Young larvae prefer tender leaves, while the older 
larvae are seen in mature larvae. 

Tea Leaf Folder 

Young caterpillar first mines into the leaf. Older larvae roll the young leaves from downward and feed from 
inside. Adult is a small brown coloured moth. 

Large Gelly Grub 

It is a polyphagous pest feeds on several cultivated plants like pear, coffee and cocoa besides tea. Damage is 
confined to mature leaves. Larvae eat large portions of leaf. Grub is pale bluish, round and resembles a bulb of 
gelly. Larval period is two months. Cocoons are white, round and attached to the bushes. 

Management for All Leaf Feeders 

Collect and destroy damaged leaves along with caterpillars. Spray NSKE 5% or neem-based oil formulations or 
phosalone or chlorpyriphos or fenitrothion or malathion 2ml/lit. 
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Tea Mosquito Bug 

It is a serious pest of tea and widely distributed in Karnataka, Goa, Maharashtra and Tamil Nadu. Cashew, neem, 
moringa and guava are other host plants. Damage is more in most shaded areas. Adults and nymphs suck the 
sap from buds, young leaves and tender stems by puncturing the plant tissues with needle like stylets and inject 
toxic saliva. These punctures appear as reddish-brown spots. Due to intensive feeding, leaves curl up, become 
badly deformed and remain small. Gradually, shoots dry up. 

Management 

Collect and destroy the damaged plant parts. Spray endosulfan or phosalone or chlorpyriphos or dimethoate or 
fenitrothion at 2ml / lit of water. Spray in early morning or late in the evening hours on trunks, branches, foliage 
and inflorescence to get effective management. 

Tea Mites 

1. Red spider mite: It is an important mite species in tea plantations in North East India. Nymphs and adults 
infest upper surface of mature leaves. Infestation starts along midrib and veins and gradually spreads to the 
entire upper surface of leaves. Affected leaves become bronzed, dry and crumpled.  
2. Scarlet mite: They congregate on the under surface of mature tea leaves especially along the midrib and 
petiole region. Feeding by scarlet mites leads to brown discoloration of leaves. Adult mite is scarlet red in colour 
and ovate in shape. They are slightly bigger than eriophyid mites and can be seen with the naked eye. Eggs are 
bright red, elliptical and laid in clusters on the under surface of leaves. Larva enters a quiescent stage before 
lasts for 7 – 10 and 25 – 28 days respectively. The total life cycle lasts for 30 – 36 days.  
3. Purple mite: This is a major pest in South India tea plantations. It is mostly prevalent on the under surface of 
mature leaves. Assam type of tea and its closer relative are more susceptible to purple mite. The leaves 
damaged by purple mites are characterized by the coppery brown discoloration. 
4. Pink or orange mite: It is an important mite species in India. Mites are found on the under surface of young 
leaves. Affected leaves turn pale and curl upward. In severe infestation, leaves become leathery and brown. 
Damage is restricted to top 10 – 15 cm of tender leaves. Assam type of tea is more susceptible. 
5. Yellow mite: They are polyphagous species attacking tomato, cinchona, cotton, pulses, potato etc. They are 
seen on young leaves especially the top two to three leaves and the bud on both leaf surfaces, but more on the 
lower side. Affected leaves become rough, brittle and corky lines or patches appear on the lamina. Internodes 
get shortened, shoots become stunted and deformed. 

Management for All Mite Species 

Collect and destroy all types of damaged parts along with mites. Spray dicofol 18.5 EC 2 ml/l or ethion 50 EC 2 
ml/l or wettable sulphur 50 WP 2 g/l or phosalone 2 ml/l or thiometon 1.5 ml/l or quinalphos 1.5 ml/l using 
hand operated sprayer to ensure proper coverage of spray solution. 

Shot Hole Borer 

It causes round shot holes in primary branches. Infestation results in mortality of buds and dieback symptoms 
in branches. Presence of circular or longitudinal tunnels inside the stem is also seen. Female is black in colour, 
small and long beetle. 

Management 

Remove and destroy all the affected part and spray Lindane 20 EC at 2 ml/l using hand sprayer. 

Aphid 

It is a polyphagous species attacking tea and other host plants such as coffee, cacao, citrus etc. Colonies of 
aphids are seen on tender shoots of tea immediately after pruning. Due to feeding by aphids, leaves curl up and 
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shoot growth is stunted. Ants attend on aphids.  Honey dew excreted by the aphids falls on the leaves and 
facilitates the growth of sooty mould fungus. 

Leaf Hopper 

Adults and nymphs suck plant sap from tender leaves. Due to infestation, leaves curl downwards, gradually turn 
brown and dry up. Adults are yellowish green. Eggs are inserted singly into the leaves. Incubation period is 6 – 
13 days. Nymphal period is 8 – 10 days. 
  



 

 
Volume 3 - Issue 01 - January 2021       169 | P a g e  
 

Importance of Micronutrients in Vegetable Production 
Article ID: 10053 

Abhinav Guleria1, Sakshi Vishvamitera2 
1Field Officer Territory, Bayer Crop Science, 2Ph.D. Scholar, Department of Soil Science and Agricultural 

Chemistry, CSK HPKV, Palampur, H.P. 

 

Abstract 

Micronutrients may be present in the soil in limited quantities, but they play a major role in the growth and 
development of plants. For the effective production of vegetable crops, proper plant nutrition is important. One 
of the most important factors that regulate plant growth and development is the combined supply of 
micronutrients with macronutrients in sufficient quantities and acceptable proportions. Micronutrients are 
typically required in minute amounts, but they are essential for plant growth. 

Importance 

A promising economic potential to reduce rural poverty and unemployment is provided by vegetable 
production. Vegetables are the most affordable source of vitamins and minerals needed for good health by 
mankind. In order to obtain the maximum yield of high-quality produce, balanced use of micronutrients is 
necessary for vegetable cultivation. 

Plant metabolism, reproductive growth, production of flower and retention fruit and seed etc. are such efficient 
functions performed by different micronutrients. The value of micronutrients in agriculture is genuinely well 
known and their use has contributed significantly to the increased productivity of many crops (Tirpathi et. al., 
2015). The chemical composition and general condition of vegetable crops are improved by micronutrients and 
are known to serve as a catalyst to promote various organic reactions in plants. 

Role of Boron 

Boron is important to the growth and health of all crops. In the meristematic area of plants, boron plays an 
integral role in the growth and production of new cells. Boron is needed for the formation of cell walls, fruit and 
seed growth. It assists in plant pollen production, pollination and flowering. 

It also includes carbohydrate metabolism and transport, nucleic acid synthesis, root elongation, photosynthetic 
operations, and water absorption in sections of plants (Islam et. al., 2018). Vegetable crops such as cabbage, 
cauliflower and potato are extremely susceptible to boron deficiency. The sources of Boron are borax (10.5% 
B), Boric acid (17.0% B) and Disodium octaborate tetrahydrate (20% B). 

Role of Zinc 

Zinc is indispensable for normal growth, formation of chlorophyll and some carbohydrates, conversion of 
starches to sugars and its presence in plant tissue helps the plant to withstand in cold temperature. For normal 
development, the formation of chlorophyll and some carbohydrates, the conversion of starches into sugars, 
and their existence in plant tissue, zinc is necessary to enable the plant to withstand cold temperatures. 

It plays a key role in many important cell functions, such as protein metabolism, gene expression, bio-membrane 
structural and functional integrity, and photosynthetic metabolism (Sanju et. al., 2003). Its deficiency causes 
older leaves to have interveinal chlorosis, so the leaves turn grey-white and fall prematurely or die. Crops such 
as tomatoes, potatoes, beans and onions are particularly susceptible to Zn deficiency. The sources of zinc are 
Zinc sulphate monohydrate (36% Zn), zinc sulphate heptahydrate (22% Zn) and zinc phosphate (50 % Zn). 
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Role of Iron 

For almost all living organisms, iron is an important micronutrient. It is involved in the synthesis of chlorophyll 
in plants, and it is important for the maintenance and function of the chloroplast structure. In chlorophyll 
molecule synthesis, iron serves as a catalyst and assists in the absorption of other elements (Pandev et. al., 
2016). Furthermore, iron stimulates many metabolic pathways and it is a prothetic community with many 
enzymes (Rout and Sahoo, 2015). Iron deficiency is normal, except in extreme cases, with interveinal chlorosis 
of young leaves, and the veins remain green. The iron sources are ferrous sulphate (20% Fe) and Fe-EDTA 
chelate (12% Fe). 

Role of Copper 

Copper is involved in activating certain enzymes in plants that are involved in the synthesis of lignin and is 
essential in several enzyme systems. This helps to use iron during chlorophyll synthesis (Harris and Lavanya, 
2016). Copper has also had some indirect impact on the formation of nodules. Copper deficiency leads to 
decreased growth, distortion of the younger leaves and possible apical meristem necrosis. 

Role of Molybdenum 

Molybdenum is an essential component in two enzymes that convert nitrate into nitrite and then into ammonia 
before it is used to synthesize amino acids within the plants. It assists in the metabolism of protein synthesis 
and sulphur. Low and sufficient molybdenum levels have a beneficial impact on the formation of carotenoids. 
It also assists in plant iron absorption and translocation. In nitrogen-fixing legumes, molybdenum deficiency can 
be normal. 

Role of Manganese 

Manganese is an essential plant growth and development micronutrient and sustains metabolic roles within 
various compartments of plant cells. The activation of several enzymes includes manganese, which assists in 
photosynthesis and respiration (Pankaj et. al., 2018). The metal is an important cofactor for photosynthetic 
machinery's oxygen-evolving complex. It improves root production, fruit growth and develops resistance to 
disease. It also assists in the iron movement in plants. The sources of manganese are manganese sulphate (22-
28 % Mn) and manganese chloride (17 % Mn). 

Role of Nickel 
Nickel is a component of many plant enzymes, most notably urease, which metabolises urea nitrogen within 
the plant into usable ammonia. Without nickel, toxic urea levels can accumulate within the tissue, creating 
necrotic legions on the tips of the leaves. Nickel is considered an important element for higher plant nutrition; 
Ni, on the other hand, can be toxic to most plant species at relatively higher concentrations (Rehman et. al., 
2016). 

Conclusion 

Micronutrients are vital elements that are needed in relatively small amounts for crop growth and play an 
important role in the balanced nutrition of crops. The nutritional value of crops is becoming a major issue, so it 
is of profound importance to apply micronutrients to preserve soil health and crop productivity, in addition to 
preserving the quality of vegetables. Micronutrients are useful to develop resistance to biotic and biotic stresses 
and in the improvement of plant quality parameters. 
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Introduction 

With modernization of fruit plant production technologies there is necessity to modify the old ones to intensify 
the production by insuring the market demand of quality planting material. The conventional propagation 
techniques are not only time consuming but also found scanty in uniformity and health. Thereby the 
introduction of in vitro techniques in fruit growing can be a viable alternative to overcome these problems. 
Micro-grafting is an in vitro grafting technique in which meristem tip or shoots tip explants placed onto a 
rootstock. The rootstock should be grown aseptically either by seed or micro propagated. The in vitro micro-
grafted plant material further multiplied in tissue culture conditions or place outdoor conditions for 
acclimatization.  Micro-grafting techniques have been used especially for the fruit plant species like citrus sp. 
were this technique is used to eliminate the viral infection. This technique also has a great potential of rapid in 
vitro multiplication of fruit plants with increased productivity that results from grafting between superior 
rootstock and scion combinations. 

Types of Micro-Grafting 

1. In vivo micro-grafting: Grafting an apex of size (0.5- 1.0 mm) on to a young green house or nursery grown 
40-160 days old seedling rootstock.  
2. In vitro micro-grafting: Grafting of meristem apex of 0.1 to 0.3 mm size onto an aseptically grown 12 days 
old seedling rootstock. 

Preparation of Micro-Graft 

1. Raising of rootstock: The seeds of the ripen fruits are extracted, washed in tap water, dried at room 
temperature, sterilized with 0.5-0.7 per cent sodium hypochlorite solution for 10 minutes and then  cultured 
on basal MS medium solidified with 1 per cent agar. All cultures are incubated in a growth room (26±2°C). 
Rootstock can be prepared either by seed or micro-propagated. For micro-grafting rootstock is removed from 
the test tube under aseptic conditions and the tip of the rootstock is removed, leaving 1–2 cm of the epicotyls, 
root is cut to length 4-6 cm and all the cotyledons and auxiliary buds are removed. 

2. Preparation of scion: For scions shoot tips are taken from fresh flushes of elite plant (grown under 
greenhouse condition), in a laminar flow hood, disinfect (5% sodium hypochlorite) for 10 minutes followed by 
3 washing with distilled water. Shoot apical meristem with 0.1-0.3 mm and 2-3 leaf primordial were cut with a 
sterilized blade. 

3. Micro-grafting: Rootstock seedling was decapitated leaving about 2 cm of epicotyls under LAF system. Roots 
are cut to a length of 2-3 cm and cotyledons are detached. Either V shaped or horizontal incision of 1mm long 
and 1-2 mm is made at the top of the decapitated rootstock. Shoot tip (with 0.1-0.3 mm apical meristaem and 
2-3 leaf primordia) is placed inside the incision or over the top portion (surface placement) with its cut surface 
in contact with the cortex at the top of the decapitated rootstock. Then the Micro-grafts were aseptically 
cultured in liquid nutrient medium composed with MS medium modified with White’s vitamins and 75 g sucrose 
/l at constant temperature of 27 C and exposed to 1000 lux illumination for 16 h per day. A folded paper 
platform, perforated at its centre for insertion of the root portion of the rootstock is placed in the nutrient 
solution. After 3-4 weeks of growing, emergence of small leaves from shoot tip is take place and after the 4-6 
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weeks successful grafts (2-4 expanded leaves) are comes out from the incision. These grafts transferred to pot 
with sterilized soil mixture, pots are enclosed in polyethylene bags that are closed with rubber bands, later 
placed in shady area of temperature-controlled greenhouse at 18-25°C. After 8-10 days bags are removed and 
plants are grown under regular greenhouse conditions. 

Table: Micro-grafting success in different fruit crops: 

S/N Fruit Crop Scion Rootstock Success % 

1 Apple Malus domestica cv. Lal Ambri M-9  42% 

2 Almond Amygdalus Communis cvs. 
Ferragnes, Ferraduel 

In vitro germinated wild almond 
seedling 

90-100% 

3 Almond  Amygdalus Communis cvs. 
Nonpareil 

In vitro germinated wild almond 
seedling 

90% 

4 Almond Prunus dulcis cvs. Texas, 
Ferrastar, Nonpareil 

In vitro germinated wild almond 
seedling 

83-100% 

5 Citrus  Kinnow mandarin and Succari 
sweet orange 

In vitro germinated rough lemon 
seedling 

36 and 33 

6 Chestnut 907 (chestnut) 7110 80% 

7 Grape Vitis venifera cv. Early Cardinal 41 B, Salt Creek 71-80% 

8 Grape Vitis venifera cv. Sahebi, 
Soltanin, Fakhri 

41 B 50-60% 

9 Pear Pyrus communis cv. Le conte In vitro shoots of pyrus 
betulaefolia 

83% 

10 Pistachio Pistacia vera cv. Siirt Seedling raised rootstocks 79% 

11 Pistachio Pistacia vera cv. Mateur Seedling raised rootstocks 94-100% 

12 Walnut Juglans regia cvs. Jinlong No1, 
Xianging 

Seedling raised rootstocks 56-73% 

Application 

Grafting under in vitro conditions has several advantages both for production and research. In vitro shoot tip 
grafting has potential for regeneration of virus free planting material in fruit crops. This ensures the safe 
germplasm exchange between countries and multiplication of difficult to root rootstock and also circumvents 
the juvenile phase of a rootstock thus induces early maturity of plant. Micro-grafting shoot tips can be a used 
to prediction of incompatibility among the graft partners in very short period of time. Besides to the benefits of 
traditional grafting, it enhanced potential for true to type cloning planting material and can be done at any time 
of the year and also the transplanting when desired. 

Conclusion 

Due to the multiple uses and advantages of shoot tip grafting, this technology has a great potential in 
improvement of fruit culture by eliminating the virus and graft Graft-transmissible pathogens. It also has been 
used for early checking of graft incompatibility, early maturity, virus indexing, safe germplasm exchange and 
multiplication of difficult to root species. It is a technique with great prospects for year around production of 
grafted plant under controlled condition. 
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Introduction 

India is mainly an agriculture dependent country. In India agriculture provides employment to nearly 58% of 
people. The share of agriculture in country’s gross domestic product is 14.7%. The per capita land base for 
agricultural production has declined dramatically over the past few decades and is expected to continue to 
decrease. On the other hand, population of our country is increasing at a much faster rate. This trend will require 
that crop yields per unit of land continue to increase. These yield increases will in turn require greater nutrient 
inputs. It’s also reasonable to assume that the impact of agriculture on the environment will be increasingly 
scrutinized since the public’s influence over production is growing. With the advent of green revolution in late 
1960’s, we have been able to achieve self-sufficiency in food grains but the increasing population is causing a 
problem. There is hardly any scope for further increase in area under cultivation due to limited area, so 
additional food grain production can come only through increased soil productivity. Thus, other sources like 
fertilizers are the widely used medium to increase the food productivity. 

Environmental Benefits of Fertilizers 

Fertilizers reduce pressure on land by leaving less fertile land for other purposes. Land is a scarce resource and 
has to provide for all the competing demands of modern society. By making land more productive, fertilizers 
greatly increase the value of this resource making it possible to cater all our needs even including recreation 
and amenity. Fertilizers have allowed farmers to continuously achieve high yields on same land for many years, 
eliminating need for clearing new lands. Fertilizers leads to good plant population which in turn leads to control 
of soil erosion as the roots of plants hold the soil firmly. This increased plant population also helps in cleansing 
the air by decreasing carbon dioxide content in the atmosphere and increasing oxygen level of the air thereby 
decreasing the air pollution. Fertilizers also helps in conservation of some natural vegetation with native flora 
and fauna. Thus, we can say that fertilizers improve the quality of human life as a whole. 

Constraints 

In the early years of agricultural research and extension, fertilizer management was considered to be the 
concern of soil and crop scientists, who assisted farmers in reaching the goal of “maximum yield.” It was not 
until profit maximization replaced yield maximization as the presumed goal of farmers and society. The 
revolution in environmental consciousness that began in the 1960’s raised awareness that excess fertilizer use 
could damage the environment, and that such off-farm costs to society were not adequately considered in 
profit-maximization models. Although increased food production in terms of quantity has largely kept pace with 
demands of  growing population, but quality of food available is declining. Soil and climatic conditions that 
influence nutrient uptake and loss vary, making it difficult to predict the most profitable and environmentally 
and socially optimal levels of fertilizer use. As a result, growers often follow broad guidelines that lead to either 
insufficient or excessive fertilizer application. It is likely that avoiding excessive fertilizer application can 
eliminate much of the environmental damage from fertilizers without having to sacrifice profits. Because 
fertilizer is relatively cheap, growers may over apply in pursuit of maximum yield. It is likely, therefore, that 
many growers can increase their profits by reducing fertilizer application amount or frequency. Economic 
analysis also can be a useful tool in searching for the appropriate level of fertilization when the true costs and 
benefits are quantified. The need for fertilizer can be reduced through more efficient management of nutrient 
cycles and more precise application of fertilizers. Such practices may include application of organic waste 
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residues from animals and crops, crop rotation with legumes, soil testing, and banded and split applications of 
fertilizers. Fertilizers have surely affected soil, water, food quality, human health and atmosphere. These effects 
are very difficult to be parted with when number of chemical fertilizers being used are increasing at an alarming 
rate. Fertilizers contain three primary plant nutrients: mostly nitrogen and phosphorous with smaller amounts 
of potassium. (Abrol et al. 2007). 

Conclusion 

For the next 30 years, more fertilizers will be used to obtain agricultural products. Excessive use of chemical 
fertilizers in agriculture, will result in a large number of environmental problems as some fertilizers contain 
heavy metals (eg. cadmium and chromium) and high concentrations of radionuclides. Today, use of fertilizers is 
seen as a necessary agricultural technology. It is not that fertilizers always pollute the environment but they 
only the environment only when they are applied in excess amounts which are not required. In the end it can 
be concluded that fertilizers are a necessary evil. Application of fertilizers at right place, right dose and right 
time without causing any harm to environment can lead to greater productivity and greater results. 
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Introduction 

The rise in global population is driving an ever-increasing food demand that forced the agriculture sector to 
increase in agriculture production especially in developing country like India. Nutrient deficiency in soils resulted 
in great economic loss for farmers. Use of large-scale application of chemical fertilizers to increase the crop 
production is not a suitable option for long run because the chemical fertilizers in the one hand increase the 
crop production but on the other hand disturb the soil mineral balance and decrease soil fertility. Extensive use 
of chemical fertilizers results in a severe damage to the soil structure, soil nutrient status, soil microbial flora 
also on the food chains across ecosystems. Use of conventional fertilizers is inherently limited by their low 
nutrient use efficiency. For example, the nutrient use efficiency of major macronutrients such as N, P, K are 
quite low, with current levels being 30-35%, 18-20% and 35-40% respectively, which means more than half of 
the applied fertilizers are lost. In recent years, nano fertilizers have extended its relevance of increase in nutrient 
use efficiency through mechanisms such as targeted delivery, slow or controlled release. They could precisely 
release their active ingredients in responding to environmental triggers and biological demands. It also been 
reported that nano-fertilizers can improve crop productivity by enhancing the rate of seed germination, 
seedling growth, photosynthetic activity, nitrogen metabolism, and carbohydrate and protein synthesis. 
However, as being in budding stage, the safety issues surrounding the use of nano-fertilizers in plant must be 
very carefully evaluated before adapting in agricultural fields. 

Conventional Fertilizers Versus Nano-Fertilizers 

Conventional Fertilizers are generally applied on the crops in the large quantity due to its low availability to the 
plant. They are applied either by spraying or broadcasting. However, one of the major factors that decide the 
mode of application is the amount of the fertilizers available to the plant. In general, very less concentration 
(less than the required concentration) reaches to the targeted site because of leaching, drift, runoff, 
evaporation, hydrolysis by soil moisture and photolytic and microbial degradation and could not reach the plant 
system ultimately causing sustainable and economic losses. These problems have initiated due to repeated 
excess use of fertilizer which adversely affects the inherent nutrient status and fertility of the soil.  

Nanotechnology has proved beneficial for extending nutrient use efficiency through nanoscale particle. 
Nanostructured materials act as a fertilizer carrier or controlled-release vectors for targeted delivery or so-
called smart delivery system to enhancing the nutrient use efficiency and reduce the environmental pollution. 
A nano-fertilizer refers to a product in which nutrients are of nanometre size that easily translocate into to plant 
system. Surface coatings of nanomaterials on fertilizer particles hold the material more strongly due to higher 
surface tension and thus help in controlled release. Delivery macro- and micronutrients to the plants is an 
important aspect of application of nanotechnology in agriculture. 

Index Nano-fertilizer Conventional fertilizer 

Solubility  and 
dispersion of mineral 
micronutrients 

Nano-sized formulation of mineral 
micronutrients may improve solubility and 
dispersion of insoluble nutrients in soil, 
reduce soil absorption and fixation, and 
increase the bioavailability 

Less bioavailability to plants 
due to large particle size and 
less solubility 
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Nutrient uptake 
efficiency 

Nano-structured formulation might 
increase fertilizer efficiency and uptake 
ratio of the 
soil nutrients in crop production and save 
fertilizer resource 

Bulk composite is not available 
for roots and decrease efficiency 

Controlled release 
modes 

Both release rate and release pattern of 
nutrients for water soluble fertilizers might 
be precisely 
controlled through encapsulation in 
envelope forms of        semi-permeable 
membranes coated by resin-polymer, 
waxes, 
and sulfur 

Excess release of fertilizers may 
produce toxicity and    destroy 
ecological balance of soil 

Effective duration 
of nutrient release 

Nano-structured formulation can extend 
effective duration of nutrient supply of 
fertilizers into soil 

Used by the plants at the time of 
delivery, the rest is converted into 
insoluble salts in the soil 

Loss rate of fertilizer 
nutrients 

Nano-structured formulation can 
reduce loss rate of fertilizer nutrients into 
soil by leaching and/or leaking 

High loss rate by leaching, rain 
off, and drift 

Nano Fertilizers and Growth of Fruit Trees 

Nano fretilizers are of nano size and contain high levels of nutrients that can bind to different ions in soil easily 
and release nutrients in a very slow and stable manner by covering them with different nutrient carriers, 
compared to conventional fertilizers. Chitosan is a polymer (act as a nutrient carrier) that is taken from seafood 
wastes with much potential for agriculture such as increasing crop production and the quality of agri-products. 
Chitosan have their role in increasing chlorophyll and photosynthesis rate, nutrient absorption, and seedling 
growth in plants. Their positive effects found in coffee, mango, strawberry, date palm and many other fruit 
crops. Nanoclays are one of the most frequently used nutrient carriers. Nanoclays are defined as layered 
silicates with bi-dimensional framework of nanoscale thickness (frequently w 1 nm) and a length of several 
micrometers. Because of the nano porous structures, they have high specific surface area, CEC and highly 
selective towards macronutrient K+ and NH4+. 

Uptake, Translocation of Nano Fertilizers in Fruit Trees 

Macro and micro nutrients are important for plant growth, fruit production, maintenance, productivity and fruit 
quality. Compared to other conventional fertilizers, nano fertilizers have high surface area due to nano size 
particle which leads to high absorption of nutrients and readily increase their availability to plants through 
phloem. After entering the cell, nanoparticles can transport apoplastically or symplastically. They may be 
transported via plasmodesmata from one cell to the other and gradually release nutrient elements when plants 
needed, so in order to decrease the absorption rate of nano fertilizers in plant tissues, they are complexes with 
other materials such as zeolites or coated polymers to maintain their slow release. In fruit trees, to increase 
absorption rate, nano fertilizers are foliar sprayed to improve growth, physiological and productivity traits 
ensuring easy penetration into plant tissues through stomata. 

Nano Fertilizers and Human Safety Issues 

One of the major questions before accepting nano-fertilizers is they possess the environmental and health 
impact. The negative effects of nano-fertilizers on fruits are in budding stage. The risks associated with the 
application of nano-fertilizers are yet to be evaluated before fully implementing this technology. Due to the 
very small size particles, they can get easily enter into the biological systems and there is also a possibility to 
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inhale the nano-particles by farm workers while spraying, which reach the blood and the other target sites such 
as brain, liver or heart. There is a chance of nano-particles entering into the food chains which ultimately affects 
the human health system. Hence, there is an urgent need to develop human resources with an understanding 
of the complexities of the agricultural production system to serve nanotechnology in agri. Hence, systematic 
analysis regarding the potential health impacts, environmental clearance, and safe disposal of nano-particles 
can lead to improvements in designing further applications of nanotechnology. 

Conclusion 

Nano-fertilizers have the potential over conventional fertilizers as they reduce the cost of fertilizers in 
production and also minimize the pollution hazard through smart nutrient delivery. Nano scale or nano 
structured materials as fertilizer carrier or controlled-release vectors for building of the so-called smart 
fertilizers can enhance the nutrient use efficiency and reduce the cost of environmental pollution. Nano-
fertilizers can precisely release their active ingredients in responding to environmental triggers and biological 
demands. It may reduce ill effects due to overuse of conventional fertilizers and increase the nutrient availability 
to the plant. It’s just the beginning of a new advanced era and there is a great need of horticultural technique 
modification to fulfil the requirement of this and upcoming generation. Therefore, more research and industrial 
setup should be emphasized in the field of Nano-fertilizers. 
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CoViD2019 – 2nd Wave 

Corona virus is a novel microorganism that causes respiratory illness in hosts. This is the major health problem 
faced by public around the world. That’s why it is indicated as global pandemic. Since, the virus starts affected 
during March, 2020 and twists the economy down. Still, up to November 2020 the economy is under 
problematic. Even though the impact of lock down due to corona pandemic may slightly decrease but what will 
happen to the economy if the Corona virus affect the people again? This is somewhat a serious question, 
because the medicines for corona virus still not identified and reach the public market. During lock down mostly 
all the sectors were affected, especially the food supply chain. Food supply chain is very important because it 
plays a major role in supplying food materials to the public. This article assesses / reviews the measures to 
strengthen the supply chain if the pandemic rises again. 

Supply Chain 

A supply chain is a network of facilities and distribution options that performs the functions of procurement of 
materials, transformation of these materials into intermediate and finished products, and the distribution of 
these finished products to customers. 

Supply Chain Management 

Supply Chain Management is the management of a network of all business processes and activities involving 
procurement of raw materials, manufacturing and distribution management of finished goods. SCM is also 
called the art of management of providing the Right Product, At the Right Time, Right Place and at the Right 
Cost to the Customer. 

Supply Chain Management Flows 

 
Supply chain management flows consists of these three main flows: 
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1. The product flow/material flow. 
2. The information flow. 
3. The finances flow/money flow. 

The product flow usually involves movement of products from a supplier to a customer, and also the back-end 
process such as any customer returns or service needs. 

The information flow involves the flow of information on orders and updating the status of delivery. 

The financial flow consists of credit terms, payment schedules, and consignment and title ownership 
arrangements. 

Problem 

The major problem is with the marketing of farm produce in the wake of lockdown. The Government has now 
exempted marketing from the lockdown but still there are not many buyers in the market and there are 
transport bottlenecks. This is partly non-availability of buyers and largely due to market uncertainty and 
misinformation. Therefore, the government should disseminate information about markets, good practices for 
social distancing and movement of products to ensure supply chains. 

The following are some specific recommendations. 

Measures to Strengthen Supply Chain 

1. The movement of farm produce does not necessarily involve the movement of a large number of people. 
There are well-established market channels and transactions can take place without the physical presence of 
farmers. Therefore, transportation logistics are more important. These can be arranged by farmers’ groups or 
traders for reliability, and the new guidelines help address this bottleneck. 
2. The Government may provide incentive and rebate in tax for transporters engage in transport of far 
commodities to markets.  
3. There is a need to notify a large number of warehouses as deemed markets to increase the coverage and 
reach among the farmers. In this regard, all Central Warehousing Corporation (CWC) and State Warehousing 
Corporation (SWC) along with PAC warehouses should be notified as deemed markets. 
4. The Government, under e-NAM, has initiated new provision to provide the database of logistic providers to 
traders. 
5. Farmers storing their produce in these accredited warehouses would also be able to get finance through 
electronic Negotiable Warehouse Receipts (e-NWRs). After notifying the CWC and SWC warehouses as deemed 
mandis, Central/State government(s) should also provide the necessary support and resources to strengthen 
the ecosystem. 
6. For perishables like fruits and vegetables, a compact marketing channel can be evolved and products can be 
delivered directly in the terminal markets or to the bulk buyers. This shall reduce wastage and foster links with 
farmers. 
7. Creation of temperature-controlled parcel vans in the Indian Rail for the transport of mango under the 
present scenario effectuates deliveries. Government may also use/ attach idle AC tier coaches. 
8. In case there are enough buyers in the market, direct selling of fruits to consumers and processing for juice 
should be encouraged. 
9. Commodity based cluster formation or co-operative farming for procurement of all the inputs on collective 
basis, better implementation of the technologies, credit approval, and better price. realization.  
10. The fuel prices and the toll gate charges may reduce, so that the logistics or the transport used for supply 
chain may increase.  
11. The market yards and transport vehicles may properly sanitized and the drivers may protect themselves for 
avoiding problems.      
12. Also, it is necessary to protect the farmers / producers those who provide resources. 
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Conclusion 

The supply chain plays a major role in boosting up the consumers’ consumption during the lock down period.  
If the corona pandemic still increases may be as the II phase, the impact would be higher in economy. Food is 
the basic item for living, whereas during lock down the supply of food materials was in problem. The above 
points may strengthen the supply chain, if the corona pandemic increases as II phase. The economy and the 
country people will be in a better position even the lock down due to corona pandemic increases. 
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Introduction 

Fish oil, derived from the tissues of oily fish, is a major source of omega-3 fatty acids (FAs), primarily 
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), generally in the form of aliphatic monocarboxylic 
acids derived from, or contained in esterified form in animal or vegetable fat, oil, or wax. Since our body lacks 
enzymes responsible for production of certain fatty acids, they cannot be de novo synthesized, hence intake 
from external sources is required either from plant or animal.  

Fish oils can be incorporated in minute quantities to attain optimum health benefit, cellular metabolism and 
normal physiological functions (Sau and Paul, 2004) in the diets. Scientists have covered a wide range of fish oil 
benefits in the early 1970s when Danish physicians observed that Greenland Eskimos had an exceptionally low 
occurrences of heart disease and arthritis despite consuming a high-fat diet. Intensive research soon exposed 
the fact that two of the fats they consumed in large quantities were EPA and DHA, sparking research interest in 
fish oil around the world. Fish oil has proven itself to be of medical worth in human body by preventing 
atherosclerosis, angina, heart attack, congestive heart failure, arrhythmias, stroke, peripheral vascular disease 
and even migraine to some extent. Clinical trials have shown that it is also effective in the treatment of many 
disorders including rheumatoid arthritis, diabetes, cancer etc. (Connor and William, 2000). It is observed that 
most of the serious diseases occur due to the imbalance of ω−3 and ω−6 fatty acids intake, which can be 
corrected by considering fish oil as an alternative or incorporating it in the dietary habits. 

Omega 3 Fatty Acids, Blood Platelet Function and Heart Disease 

Fig. 1 Cardioprotective effects of omega-3 fatty acids 
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Platelets are small cells in the blood responsible for blood clotting. It is their ability to stick together or clump 
that forms a clot at the site of a wound. Platelet, can also stick to the lining of blood vessels that have been 
damaged or narrowed due to arteriosclerosis. When the blood flow to the heart is restricted by lipid deposits 
and platelet clumps, a heart attack may occur. A similar process in the brain is one cause of stroke. If the flow 
of blood to the heart is completely blocked, that attack is fatal. If arteries did not narrow and clots did not form, 
no heart attack will be there. When Omega-3 fatty acids are available, platelet produce less of clot- promoting 
material, thromboxane A2. If Omega 3s are available to cells lining blood vessels, these cells make more 
substances called prostacyclin that discourage blood clotting. So, the combined effect is less platelet clumping 
and less heart attack. Although Omega-3 fatty acids to know reduce the cholesterol level in the blood, it makes 
the blood platelets less sticky so that they do not deposit inside the blood vessel. They also make the red blood 
cells less rigid so that blood cells easily glide across the blood vessels. 

Blood Lipids and Heart Disease 

Pattern of blood lipid are based on the distribution of cholesterol and fat among different lipoproteins. 
Lipoproteins are the special carriers of lipids in blood and are distinguished from one another by their density.  

The short hand names of the three lipoproteins related to heart disease are VLDL (very low-density 
lipoproteins), LDL (low density lipoproteins) and HDL (high density lipoproteins). LDL fractions are the main 
carriers of cholesterol. When the level of cholesterol in the LDL fraction is high, a person has increased risk of 
heart disease. LDL has earned the nickname of “bad cholesterol”. HDL carries cholesterol too but lesser amount 
than LDL. HDL helps remove cholesterol from tissues and blood and hence nicknamed “good cholesterol”. Total 
blood cholesterol does not give the whole picture. To have a better idea of our risk of heart disease we need to 
know how much cholesterol is in LDL and how much in HDL. Eating fatty fish or taking fish oil supplements 
reduces blood fat level. Omega-3 fatty acid neither lowers nor increases cholesterol level or LDL level. It has no 
effect on HDL level. 

Immune System and Diseases 

The immune system is our body's primary defence against invaders. It protects us from harmful effect of 
bacteria viruses and particles like asbestos and pollen. The immune system consists of a network of organs, cells 
and molecules working together to find and destroy anything not recognized as parts of the body. We actually 
have two types of immune systems. One is an inborn or natural immunity which resists infection. The second is 
the adaptive or specific immune system. It depends on special type of white blood cells called Lymphocytes. 
Adaptive immunity responds to individual invaders and develops a memory system to recognize the same 
agents again. It produces antibodies specific proteins that bind to an invading particle (antigen) and inactivate 
it. Antibodies give us protection against another invasion by the same antigen. 

Mechanism of Action of Omega 3 Fatty Acids 

Polyunsaturated fatty acids are at the centre of a biochemical network that generates families of powerful 
compounds that control what happens in cells and their surroundings.  

These compounds, called as a class eicosanoid, include prostaglandins, thromboxanes, leukotrienes and lipoxins 
are produced by oxidation of certain polyunsaturated fatty acids (PUFA) that cannot be synthesized by 
mammals and must be obtained from the plant sources. The pathways of oxidative metabolism of PUFA are 
presented below with arachidonic acid used as an example. 

Arachidonic acid is present as a part of our cell membranes and is plentiful in supply. As a result, it has a 
monopoly on most of the metabolic pathway open to polyunsaturated fatty acids. After a person eats fish rich 
in omega-3 fatty acids, omega-3s become available to participate in the same metabolic pathways usually 
controlled by arachidonic acid. 
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Fig. 2 Oxidative metabolic pathways of Arachidonic Acid 

Change in diet actually changes the fatty acid composition of our cellular membranes. Competition exists 
between these two kinds of fatty acids with the result that less arachidonic acid and more omega-3 fatty acid 
occupies the metabolic pathways. When omega-3 prevail, the function of many tissues governed by 
prostaglandins change. These changes lead to difference in immune responses, blood clotting, blood pressure 
and perhaps even tumour development. 

Arthritis 

It is already known that prostaglandin metabolism was involved in generating inflammatory responses. Omega-
3 fatty acids could moderate the inflammatory responses of arthritis through changes in prostaglandin 
metabolism. Omega-3 fatty acids are able to moderate the effects of arthritis in some patients. 

Cancer 

Omega-3 fatty acids affect many systems implicated directly in some stage of cancer development. For example, 
omega-3 fatty acids affect immune responses, cell division, membrane-structure and function and 
prostaglandin production, all of which contribute to the growth of malignant cell in some way. In several studies 
of breast cancer in animals, feeding fish oil inhibited the development of tumors. Evidence is growing that it 
may do so in prostate cancer as well. Prostaglandins and lenkotriens are both made from arachidonic acid, a 
polyunsaturated fatty acid made from linoleic acid we eat in vegetable oil and grains. Omega-3 fatty acids 
competitively reduce the number of products, including prostaglandins usually made from arachidonic acid and 
lead to the formation of slightly different product. 

Migraine 

Fish and fish oils being rich in omega-3 polyunsaturated fatty acids (PUFA) have various cellular and 
physiological mechanisms of action, producing the anti-inflammatory effects of this compound. The exact 
mechanism of action of fish oil and omega-3 PUFAs in the prevention and control of migraine is still unclear, but 
their effect to inhibit multiple aspects of inflammation; their effects on neuropeptides, neuro-receptors, and 
ion channels; sympathetic nervous system; and also, their vasomodulation impact can justify their positive 
effect to improve migraine headache. 

Other Health Benefits 

Recent studies show that as a structural component of brain, retina, testis and sperm, dicosa-hexaenoic acid 
(DHA) appears linked to proper tissue function. Recent evidence has shown that premature babies having lower 
level of DHA in their tissues than full term babies when fed with human milk or fish oil supplemented formula, 
such infants accumulate as much DHA as the full-term breast-fed infants. Studies strongly suggest that omega-
3 fatty acids are critical during pregnancy, especially in the last trimester, when brain and neural development 
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is occurring. They may be important for as long as four years after birth for proper nerve development. Omega-
3 fatty acids could be considered essential for normal visual development. 

Some Fish Oils Available in Indian Market 

WOW Omega-3 Fish Oil Capsules, Optimum Nutrition (ON) Fish Oil Omega-3 Capsule, RSP Nutrition Fish Oil 
Omega-3 Supplement and True Basics Triple Strength Ultra Omega-3 Capsules. 

Conclusion 

Fish oil is an excellent, usually uncontaminated source of both, EPA and DHA and can be accepted as a potential 
reliever in persons with known cardiovascular disease. Modest amount of fish oil in the diet ensures a direct 
supply of EPA and DHA. Nonetheless, there is enough scope for speculations regarding the labelling of fish oils 
as medical treatment since evidences still lacks in the suitable doses and duration of daily intakes in treating 
diseases, in spite, they could be used as a protective factor in our daily lives. 
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Introduction 

The meaning of KVK is ‘farm science centre’. It is associated with the local agricultural institutes; these centres 
serve as the link between farmers and ICAR. The main idea behind the establishment of KVK is to provide 
education vocationally to the rural youth on agriculture and allied sectors. 

 

Concept and Origin OK KVK 

The ICAR Standing Committee on Agricultural Education, the meeting held in August, 1973 and observed that 
the foundation of KVK was of primary importance which would help in boosting the agricultural production and 
also improving the financial values of the farmer community. The concept of Krishi Vigyan Kendra (KVK) was 
given by Dr. M.S. Swaminathan, father of green revolution in India and the father of Indian agricultural research. 
In this motivation, the government of India established the first krishi vigyan kendra in Pondicherry in 1974 with 
the financial support and direction of Indian council of agriculture research (ICAR). In kapgari area in west 
Medinipur district, the principal KVK in west Bengal and it is the second KVK in India, setup in the year 1976. 
Since, KVKs have been present in all states of India. On the event of Independence Day on august 15, 2005, the 
honourable prime minister of India reported that there must be one KVK in all over the nation in 2007. 

Role and Responsibilities 

1. Each KVK operates a small farm to test new technologies, for example seed varieties or innovative farming 
methods which were created by ICAR institutes. It permits new technologies to be tested at the local level 
before moved to farmers. 
2. KVK hosts capacity building activities and workshops to examine new and current cultivating strategies with 
the farmers groups. 
3. It organizes projects to show the viability of new innovations on farmer fields called as front-line 
demonstration. 
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KVK Portal 

 

Conclusion 

Krishi Vigyan Kendra (KVK) helps the farmers and rural youths to know about recent technologies and it provides 
successful information to them and make aware of them. Farmers can access details through KVK portal and 
gain knowledge easily. 
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Summary 

Value addition is any action taken to utilize the overall production which includes cooling, cleaning, sorting. It 
adds more value to the product and decline the losses due to various spoilage and also supply more economic 
value to the growers. The main aim is to bring revolution in the pattern of earning of the local farmers and 
enhance the pattern of earning behaviour which can provide them more profits. Government has also taken 
severe steps to promote the growth of value addition in India. Many horticulture institutions have set their units 
to  skills the art and science of value addition. 

Introduction 

Value addition is any step taken to increase the value and form of a raw product at any time from harvesting to 
sale of the finished product. Commercial product like pickles, nectar rose oil, jam, jelly and crushes are available 
in international and national markets. Value addition helps in avoidance of post-harvest losses, industrialization, 
employment generation, export, extended availability of produce, foreign exchange earnings and product 
diversification, easy marketing etc. It is therefore, appropriate time for us to come out of primary processing 
and bulk exporting and get into newer product development and marketing of ready to consume product 
through value addition. Fruits, vegetables and flowers being highly perishable horticulture farm produce, there 
remains some hindrance in proper marketing following standard post-harvest management practices by the 
common farmers as well as Entrepreneurs. Hence, value addition by the Agro-industries is another important 
area for proper utilization along with reduction in the post-harvest loss. The stage of crop production directly 
following harvest, which includes cooling, cleaning, sorting and packing may be termed as Post Harvest 
Handling. Fresh Fruits and Vegetables including root crops are mostly perishable in nature. They begin to 
deteriorate instantly after its separation from the parent place and suffer considerable losses during the process 
of Marketing. These losses may be of following nature: 
1. Quality decline due to handling. 
2. Physiological spoilage. 
3. Pathological Spoilage. 
4. Oversupply to markets. 

On the Other hand, Value Addition in Horticulture is the process in which a high price is realized for the same 
volume of the product, by means of processing, packing, upgrading the quality or other such methods. For 
example: Making Jam of guava and custard apple. 
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Importance of Value Addition in Horticulture 

1. To progress the profitability of farmers. 
2. To suggest methods to the farmers and other weaker sections of society mainly women through providing 
opportunities and renew rural communities. 
3. To provide improved quality, safe and renowned foods to the consumers. 
4. To stress primary and secondary processing. 
5. To decrease post-harvest losses. 
6. Reduction of import and meeting export demands. 
7. Way of improved foreign exchange. 
8. Encourage growth of subsidiary industries. 
9. Reduce the economic risk of marketing. 
10. Overall, increase in farmers income. 

Why Value Addition in Horticulture 

1. Horticultural crops are defined material for value addition as they are more profitable, has high degree of 
process capability and richness in health promoting compounds and higher prospective for export. 
2. Horticulture deals with huge group of crops having great medicinal, nutritional, health, ,economical  values. 
3. Horticultural crops offer varied type of components, which can be well and usefully utilized for value addition 
like pigment, amino acids, oleoresins, antioxidants, flavours, aroma etc. 

Advancement in Value Addition 

Research Studies on Value Addition of Fruits and Vegetables have been conducted on value addition of different 
fruits and vegetables such as carrots, tomatoes, potatoes, sweet potatoes, ginger, green leafy vegetables, and 
spices wherein diverse value-added products have been developed from them which are significant sources for 
nutritional security. A systematic approach was followed to extend and standardize the process for the 
preparation of dehydrated carrot powder, tomato and ginger powder, fenugreek leaf powder, potato flour, 
potato grits, granules, sweet potato powder etc. appropriate processing at the time of gluts can be cost-
effective to the farmers and can make available nutrient to the Indian dietaries thus meeting nutritional security 
of the population.  
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Vertical Garden 

A vertical garden is a garden that develops upwards that used a frame or other support structure, relatively 
than on the ground (horizontally). This procedure can be used to build living screens between different 
locations, creating transparency to your house, and recently vertical gardens could also be used to grow flowers, 
fruit and even vegetables in a method that can conveniently be programmed to thrive in both locations. A 
variety of climbers, vineyards, trellis plants and even some small fruit ideal for vertical gardens. Peas, 
cucumbers, strawberries, melons, berries, grapes, early morning glories, honeysuckle, and wisteria are only a 
few plants to suggest growing vertically. Metropolitan population increase has created a variety of issues with 
migration from rural to urban areas. The growing speed of development due to urbanization poses a lot of 
environmental issues and even turns the city dark. Green area changes to the environment and impacts on 
humans are very important (Ekren, Erdi. 2017). Vertical gardens are a very attractive, space-saving and green 
enhancement to our communities. Vertical garden can absorb heated gas in the air, lower indoor and outdoor 
temperatures have a cleaner indoor air quality and a more attractive space (Yeh, 2012). They keep rainwater, 
offer food and shelter to wildlife (Thompson and Sorvig, 2000). The use of green walls decreases the climatic 
burden on building façades and preserves the operation and functional life of buildings. It also aims to reduce 
the degradation of the building by ultraviolet (UV) rays. The reduced expense of painting supplies is one of the 
economic benefits of green walls. It has been documented that energy used for cooling in a building can be 
decreased by 27 to 30 per cent in warmer climates. Greenery may also bring value to the land. 

Plants Ideal for Vertical Gardens and their Attributes 

The appropriate choice of plants plays a vital role in the design and function of vertical living wall gardens. In 
this style of planting, we provide a selection of the best plants for vertical gardening. 
1. Ferns: They are amongst the strongest garden plants preferred for their resilience and resistance to moisture. 
The ferns are easy to produce and they cover the ground quite rapidly. You can easily grow sword fountain, blue 
star fountain, bird's nest fountain, etc. 

2. Bromeliads: Most bromeliads have shallow roots and require little room to grow quickly, making them idyllic 
plants for vertical gardens. 

3. Pothos: It's the world's standard houseplant for a reason. It is one of the most merciful indoor plants to 
withstand low-light or bright dry spells neutral, alkaline or acidic conditions. 

4. Lipstick rose: A good-looking fallow plant often found in hanging baskets and very suitable for a vertical 
garden. It's going to go down and back up. A bright red flower emerges from its spreading stems and deep green 
leaves. 

5. Succulents: Succulent surviving under rocks and crevices and rising in any spot. 

6. Dracaena: Dracaenas are abundant plants for residence aesthetic value and are commonly grown upright 
with strap-like leaves. The leaves of Dracaena are also multi-coloured with blues, creams, yellows and reds. 

7. Crotons: Croton is a multi-coloured shrub with leathery leaves. It's all vivid light in green. In low-light 
conditions, fresh leaves may be smaller in size and less heavily pigmented. Superlative croton growth at 60 to 
87°F temperature with high humidity was found to be very attractive in colour and appearance. 
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8. Hosta: They have a striking green colour, a pattern of variegated leaves and a sprinkle of white and lavender 
flowers in the warm season. This plant requires shade and a cool climate for improved growth and development. 

9. Baby's tears: This is a lovely ground wrapper of small, bright green leaves that give a gentle look to the wall 
garden. 

Some Plant are Used for Vertical Gardening 

Tradescantia spp., Phalaenopsis spp, Asparagus sprengeri, Kalanchoe, Cordyline spp., Haworthia spp., Fittonia 
spp, Nephrolepsis, Gardenia spp., Aspleniumnidus, Marantaspp., Hedera, Hydrangea, Lonicera, Parthenocissus, 
Polygonum, Wisteria, Rose, Petunia, Nasturtiums, Daisies, Bromeliads, Philodendron, Begonia  etc. 

 
Fig-2: Smooth view of the Vertical Garden 

 
Fig-1: Normal view of the Vertical Garden 
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Type of Vertical Garden 

1. Fence Planters: 
a. Pocket Planter:  Another way of growing plants vertically is with "pockets." 
b. Hanging Fence Planter: Hanging Planters a metal hanging basket made to hang on the side of your 
house is the perfect way to easily add character to your fence. 
c. Lattice Planter. 

2. Self-Watering: 
a. Worth Self-Watering Planter. 
b. Bloom wall. 

3. Decorative: Succulent Living Wreath. 
4. Stand Alone Planters: 

a. EarthTower Mobile Garden. 
b. Stacked Planter Boxes. 
c. Flower Tower: Any concept of a flower tower is easy to create on your own. They could look 
intimidating, but you should be able to complete the task in just a few hours. Many of the 
recommendations make use of objects that you've already been lying around your home. 

5. Small Indoor Gardens: 
a. Plastic Bottle Herb Garden: You'll need a plastic bottle, a twine, a drill, and a scalpel blade to make 
this piece home. And if you want to make a planter that's both realistic and beautiful, you can use some 
color, ribbon and some other crafty decoration accessories. 
b. Flower Pot Window Garden: A window box is a kind of flower container for live flowers or plants in 
the shape of a box attached to or just below the window sill. It can also be used for growing herbs or 
other edible plants or flowers. 

6. Re-use materials: 
a. Pallet Style Planter: I've seen a lot of cool vertical gardens built from reclaimed wood and shipped 
pallets. They fit well leaning against a wall or fence, freestanding with support posts or hanging on a wall 
as long as you add some form of waterproofing between the planter and the frame. 
b. Gutter Garden: This planter is made from a regular rain gutter. They may be arranged horizontally in 
rows where the water drains professionally form one row to the next. Based on the width of the gutters, 
space can be small, which of course restricts the size of the plants you may grow in them. 

Benefits of Green Wall 
1. Vertical gardens have economic and ecological advantages as well as aesthetic appeal and also increase the 
thermal performance of the house. 
2. The provision of habitats and ecosystems & increased sum of green space in cities. 
3. Vertical gardens increase the quality of indoor air. 
4. Building security is largely caused by the elimination of temperature differences in building covering. 
5. Plants are free from soil-borne diseases and more plants require small space. 
6. Vertical gardens also help to conceal less attractive areas of the landscape. 
7. Provides superb circulation of air to plants. 
8. Vertical garden also offers anonymity and a mask of unpleasant outlook. 
9. Low cost and marginal agricultural area needed for vertical garden growth and very basic and easy to 
understand. 
10. Contribution to household food security and to improving food scarcity and hunger. 
11. Protection of temperature by growing plants on the walls of the buildings. 

Benefits of Green Wall 
1. Unpleasant smells can occur during irrigation with grey water. 
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 2. A certain amount of labour needed and more capital is depletion for repair. 
 3. Regular irrigation or irrigation schemes must be in operation. 
 4. Maintenance questions & problems with the irrigation system. 
 5. High-cost ornamental plant and structure. 
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Types of Diamides 

1. Phthalic diamides.  
2. Anthranilic diamides. 

Phthalic Diamides 

These are originally developed from the lead compound benzenedicaboxamide derivatives. 

The chemical structure of benzenedicarboxamides can be divided into three parts: 
1. The Phthaloyl Moiety. 
2. The Aliphatic Amide Moiety. 
3. The Aromatic Amide Moiety. 

 

Flubendiamide 

1. On phthaloyl moiety, Thiasulfonyl group is there which is responsible for stability. 
2. On aliphatic amide moiety, Iodine atom is there which is responsible for high insecticidal activity. 
3. On aromatic amide moiety, heptafouroisopropyl group is there which is responsible for lipophilic character 
and high insecticidal activity. This substituent was originally introduced via a radical reaction of 2-iodo-
heptafluoropropane on the aniline moiety. 

 
4. The introduction of this halogen may be done classically by a Sandmeyer reaction on the corresponding 
aminophthalic acid (Scheme2a) or direct introduction via a Pd-catalysed C–H activation was described in the 
patent literature by Nihon Nohyaku researchers (Scheme 2b). 
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Bayer Diamides 

Bayer company released the flubendiamide in 2007 as FAME, but in chemical structure iodine is replaced by 
Chlorine atom. 

 

Anthranilic Diamides 

Chlorantraniliprole was launched in the year 2008 and the second molecule is cyantraniliprole which has has a 
cyano substituent replacing a chlorine atom on the anthranilic core. This compound has interesting physical 
properties (aqueous solubility-14 ppm), increasing its insecticidal spectrum, larger than for the classical 
diamides and including hemipteran pests such as Myzus persicae and hoppers. The key synthetic step towards 
cyantraniliprole is the cyanation of a bromine or a chlorine as a precursor. 

Novel anthranilamides with specific functional groups on the aliphatic amine moieties were developed by 
Syngenta such as Strecker amines, oxetanyl or thietanyl derivatives and bisphosphocyclo propyl derivatives. 
These compounds show higher activity against lepidoptera and their preparation is somewhat costly than 
chlorantraniliprole due to methyl amide moiety in the structure. Sumitomo company had developed hydrazide 
analogues of chlorantraniliprole as nitrogen atoms of hydrazide moiety can be alkylated and second nitrogen is 
mostly acylated or carbamylated in these compound structure. 

Conclusion 

As this class is already very successful, one major challenge of the future will be to manage the resistance which 
is already appearing in the field. The research in the field of the diamides has also opened the door to novel 
classes of insecticides such as the oxazolines and meta-diamides which have distinct modes of action and 
biological spectrum and these are not commercially released into the market. 
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The basic requirements during transportation are better control of temperature, humidity and adequate 
ventilation. In addition, the produce should be immobilized by proper packaging and stacking, to avoid excessive 
movement or vibration. Vibration and impact during transportation may cause severe bruising or other 
mechanical injury. Refrigerated containers and trailers are more often used for long distance shipping, whether 
by sea, rail or truck. Shipping by refrigerated trucks is not only convenient, but also effective in preserving the 
quality of product. However, both the initial investment and the operating costs are very high. Another 
possibility is insulated or ventilated trailer trucks. 

Bulk Transport 

Produce handled in bulk in general is either of low value or relatively resistant to bulk handling. The maximum 
depth to which produce is stacked depends on the commodity, for example citrus fruits may be loaded 1-1.5 m 
deep with some padding on the floor. Produce loaded loose and transported on poor roads or long distances 
should not be stacked more than 1 meter and should always be placed on some form of floor and wall padding 
such as leaf, grass or foam rubber. 

Palletization 

Handling produce as units of 24-60 containers on a pallet has greatly improved produce handling and efficiency 
in marketing. Pallets are made from a range of materials eg. wood, moulded plastics. Disposable pallets have 
also been developed using plastic and fibre board. The main problems faced in the adoption of palletization 
have been:  
1. Variation in pallet sizes; 1200 x 1000 mm is the most common pallet size although many shippers use 1200 x 
800 mm size. There are many other pallet sizes available but these are used to a lesser extent.  
2. Pallets do not always efficiently use the floor space of a vehicle.  
3. The variation in shape of the ships’ hold means that a different stowed pallet does not always optimize on 
the space available. 
4. Cost of pallet. 
5. Space occupied by the pallet in the vehicle. 
6. Return of the non-disposal pallet. 
7. Do not trample or travel sitting on the commodities. 

The different modes used for transport of horticultural produce are road transport, rail transport, marine 
transport and air transport. 

Road Transport 

Pre-cooled products can be transported through well-insulated non-refrigerated trucks for up to several hours 
without any significant rise in product temperature. There are considerable cost savings without any loss of 
quality if trucks are only insulated, rather than refrigerated, for short-distance shipping (eg. milk tanker).  

The transportation of vegetables may be done by trucks, public vehicle, tractor-trolley, bullock-carts etc. 
depending on situations considering speed, timely, cheap and economics of operation. Highly perishable 
produce like tomato, mushroom, beans, radish, GLV etc., are transported by road to long distances, subjected 
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to spoilage quickly in comparison to garlic, onion, potato, etc., and need special care while handling during 
transit. Road transport can be done either in unrefrigerated or refrigerated vehicles. 

Unrefrigerated Road Transport 

Closed or open sided vehicles are mostly used for transportation during short journeys, for example between a 
market or packing station and the retail outlet. Unless the vehicle is insulated and product pre-cooled, this type 
of vehicle is generally unsuitable for long distance transportation. 

Refrigerated Road Transport 

Different types and capacities of refrigerated road vehicles are available for transportation of perishable goods. 
The cooling media may be ice, ice and salt, dry ice, cryogens and refrigerants. Today majority of refrigerated 
vehicles operate on a mechanical refrigeration system. 

Rail Transport 

Wherever possible, goods train are important means of transportation for most of the commodities However 
the time taken by rail is sometimes more than by roads but the cost of transportation is very cheap. Eg. onion, 
potato, root vegetables etc. 

Unrefrigerated Rail Transport 

As with road transport of perishables, unrefrigerated rail transport can only be effective over relatively short 
distances, actual distance being influenced by prevailing weather conditions and time of transportation. 

Refrigerated Rail Transport 

A rail car with mechanical refrigeration equipment can be a larger unit than that transported by road, i.e., 15-
20 m in length. A number of modifications can be made to rail cars. For example, a car may be modified to carry 
bulk produce e.g., potatoes, provided with heaters for winter transportation of chill-sensitive produce in cool 
climate. 

Sea Transportation 

Major portion of the perishables in international trade is transported by sea. The various method of sea 
transport includes: ambient sea transportation, refrigerated break bulk, refrigerated containers, modified 
atmosphere containers and hypobaric containers. 

Unrefrigerated Sea Transport 

The commodities which have a relatively long storage life at ambient temperatures such as garlic, onion, potato, 
zinger, turmeric and others are transported in this method. 

Refrigerated Sea Transport 

In refrigerated ships, conditions of temperature and relative humidity are rarely held for periods over 3 weeks. 

Refrigerated Containers 

There exist three basic types of containers namely insulated containers, insulated-ventilated containers and 
temperature-controlled containers (perishable goods). Certain containers are also approved for fumigation of 
a cargo or modified to allow use of a controlled atmosphere system. The prepared atmosphere is placed in 
refrigerated container by displacing air with a specified mixture of N2, O2, CO2 and some trace gases. 

Shipping of Mixed Loads 

In general, it is preferable to handle each commodity as a separate load. However, frequently this is not 
practical. When mixed load shipments are made up only commodities which have compatible requirement viz. 
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temperature, modified atmosphere, relative humidity, protection from odours and ethylene should be placed 
in same hold. 

Water Ways 

This method is used among growers whose fields are situated near on bank of river or lakes. In India, this 
transportation system is used only in Kashmir, Kerala, parts of Andhra Pradesh and West Bengal. It is yet to be 
developed for the quick and easy disposal of perishable vegetables from the fields which are situated far away 
from big markets but near or on the banks or river or lakes. 

Air Transportation 

This method is followed only in case of high value crops such as flowers, rare fruits and vegetables, because of 
the very high cost of transportation. Costs are high and losses often heavy because of:  
1. Poor, non-standard packages. 
2. Careless handling and exposure to the elements at airports. 
3. Consignments left behind in favour of passengers.  
4. Flight delays owing to bad weather or breakdowns.  
5. Intermittent refrigeration followed by exposure to high temperatures. 
6. Relatively small produce shipments. 

Causes of Losses During Non-Refrigerated Transportation 

The damage and loss incurred during non-refrigerated transport are caused primarily by mechanical damage 
and by overheating.  
1. Mechanical damage: 

a. Careless handling of packed produce during loading and unloading  
b. Vibration (shaking) of the vehicle, especially on bad roads  
c. Fast driving and poor condition of the vehicle  
d. Poor stowage, which allows packages in transit to sway; the stow may collapse  
e. Packages stacked too high; the movement of produce within a package increases in relation to its 
height in the stack.  

2. Overheating: This can occur not only from external sources but also from heat generated by the produce 
within the package itself. Overheating promotes natural breakdown and decay and increases the rate of water 
loss from produce. The causes of overheating include:  

a. The use of closed vehicles without ventilation  
b. Close-stow stacking patterns blocking the movement of air between and through packages and thus 
hindering the dispersal of heat  
c. The lack of adequate ventilation among packages themselves  
d. Exposure of the packages to the sun while awaiting transport or while trucks are queuing to unload 
at their destination. 
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Introduction 

“Hydroponics is a technique of growing plants in nutrient  solutions with or without the use of an inert medium 
such as gravel,   vermiculite, rockwool, peat moss, saw dust, coir dust, coconut fibre etc. to provide mechanical 
support” 
1. The term Hydroponics was derived from the Greek word hydro’ means water and ponos’ means labour and 
literally means water work. 
2. The word hydroponics was coined by Professor William Gericke in the early 1930s; describe the growing of 
plants with their roots suspended in water containing mineral nutrients. 
3. Agriculture without soil includes hydro agriculture (Hydroponics), aqua agriculture (Aquaponics) and aerobic 
agriculture (Aeroponics) as well as substrate culture. 
4. Among these hydroponics techniques is gaining popularity because of its efficient management of resources 
and food production. 
5. In hydroponics, hydroponic systems are categorized into six main types: 

a. Wick system 
b. Deep water culture 
c. N.F.T system 
d. EBB & Flow system 
e. Drip System 
f. Aeroponics. 

Wick System 

1. This type is the simplest hydroponics system. 
2. It belongs to passive systems and is based on the capillary force that does not require any mechanism. 
3. Nourishment is delivered to the roots with the help of wicks going from the tank to the substrate. 
4. This system is used for the ornamental gardening with normal soil (one end of the wick is placed into the 
water or special solution and the other one is in the pot with soil). 

 

Deep Water Culture 

1. The plants are fixed on the platform that is often made of foam plastic. 
2. This platform drifts in the tank filled with nutrient solution. 
3. Plants roots are constantly placed in water to obtain enough oxygen. 
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4. The aeration of the nutrient solution is done with the help of a special pump. 
5. This system is ideal to cultivate small fast-growing plants that need a lot of liquid. 

 

N.F.T. System 

1. The nutrient solution is transferred from the tank to the container where the plants are fixed in small plastic 
cups with holes for roots to grow. 
2. The nutrient solution is delivered with the help of a pump. 
3. The solution gets to the roots and then drops back into the tank. 
4. The roots are in touch with a thin layer of the nutrient solution that is constantly on the tank bottom. 

 
5. Roots receive enough oxygen due to humid air above the nutrient solution. 
6. The main disadvantage of this system is the sensibility for power shortage or pump breakdown. 

 

EBB & Flow System 

Nutrient solution is delivered to the roots in the substrate (haydite, pearl-stone, gravel, coir etc) and then it 
flows over into the tank. 
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1. The process is automatic as the pump is connected to the timer. 
2. When the timer is on the pump starts delivering nutrient solution to the roots. 
3. When it is off the solution gets into the tank by itself. 
4. After all the solution is gone into the tank the roost is aired. 
5. The disadvantage is hidden in the energy shortage and the pump breakdown. 

 

Drip System 

1. This is the most popular hydroponics system. 
2. The timer operated pump delivers nutrient solution that goes through pipes and drips at the root of each 
plant. 
3. Plants roots are placed in the substrate. It is possible to use separate pots to make it easier to remove, to 
change or to withdraw plants. 
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Mulching 

Mulch is any covering material including either organic or inorganic applied on the soil surface to reduce 
evaporation losses. This material may be grown and maintained in place, or any material grown and modified 
before placement or any material processed or manufactured and transported before placement. Mulching is 
one cultural practice which can be used to addresses this problem. The layer can also greatly reduce or eliminate 
weed propagation, which will also result in higher water use efficiency. Wheat straw, grass clippings and leaf 
debris are fairly abundant by-products. Many producers already generate these mulching materials and 
currently spend resources to dispose of them. Mulching using this waste is a cost-effective practice which would 
conserve water, moderate soil temperature, reduce waste and improve the soil health. 

Mulches are Used as a Soil Covering, for a Variety of Reasons 

1. Soil moisture retention.  
2. Heat trapping.  
3. Reduce runoff losses.  
4. Increases germination percentage.  
5. It improves soil structure.  
6. Weed prevention and control.  
7. Protecting roots from fluctuating and extreme temperatures. 
8. To help control soil erosion. 

Why Mulch? 

Good mulch will smother weeds, which means less time and energy spent on weeding. Make sure the mulch 
itself is weed-free, and put it on thickly enough so that the weed seeds below will not have the energy to grow 
through it.  

Mulch prevents sun and wind from drying the soil, so that water otherwise lost through evaporation stays put 
for plants and microorganisms to use. Mulching also acts like insulation, helping to moderate soil temperature 
changes. Soil and roots stay cooler in the heat of summer and warmer in the chill of fall.  

Mulching can also improve the soil. If you use an organic mulch, it will add organic matter to the soil. Organic 
matter improves soil structure, fertility, and biological activity. Mulching can also prevent soil compaction and 
erosion. 

Mulch acts as a barrier between plants and disease-causing organisms that live in the soil. Organic mulches, 
especially compost, encourage beneficial organisms that help control pests. Mulches also keep crop leaves and 
fruits clean. 

How to Use Mulch? 

The vegetables you grow and the location of your garden will determine when and how you should apply mulch. 
Some guidelines are: 
1. For weed control, it’s best to get the mulch down before weeds start growing. If the weeds get a head start, 
you will have to pull or hoe them before mulching.  
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2. Cool season crops, like spinach and peas, can be mulched early. The mulch will help keep the soil cooler. Wait 
until the soil has warmed up before mulching warm season crops like tomatoes and corn, unless you are 
mulching with black plastic. 

3. In a wet spring and/or with clayey soils, mulching may have to be delayed until the soil dries out a little. 

4. The mulch layer should be thick enough to control weeds but not so thick as to harm plants. The appropriate 
thickness depends on the density of the mulch material, the type of plant, and the aeration of the soil. Begin 
with a mulch layer around 5 cm (2 inches) thick and top up with more mulch as it breaks down. Keep mulch at 
least 10 cm (4 inches) away from plant stems. 

Types of Mulches 

1. Organic mulches.  
2. Inorganic mulches. 

Organic Mulches 

Organic mulches material includes grass, straw, dry leaves, bark, saw dust and compost. These has capacity to 
easy degradable due to attract of insects, slugs and cutworms that eat them and it will help to degraded rapidly 
and it add some amount of organic matter and nutrient in soil. The example of organic mulches and their uses 
are given below:  
1. Grass Clipping: This is one of the most abundantly and easily available mulch materials across the country. If 
incorporated fresh in soil, it added some amount of nitrogen to the soil.  
It also provides some organic matter in the soil. However, if we added green grass material it has capacity to 
develop its root system it will harm to crops growth and development. Therefore, use of dry grass as mulch 
material is suggested.  

2. Straw: Paddy and wheat straw and other crop residues like stubbles, groundnut shells, cotton shells etc; are 
the commonest mulching materials used as mulches on soil surface for moisture conservation. Though straw is 
poor in nutrient value but after decomposition, it makes soil more fertile. Straw mulches reduce both the 
amount of energy absorbed by the soil and its movement above the soil and hence reduce evaporation.  

3. Newspaper: Newspaper mulching helps to control weeds and also add little organic matter in soil. One to 
two cm thick sheet of newspaper should be used and edges should be fastened with materials like pebbles 
gravels etc. The application of newspaper mulch should be avoided on a windy day and avoid the color ink 
newspaper because it will hazardous. Dry leaves: Leaves, an easily and abundantly available material, are good 
for mulching. Though leaves are good for protecting dormant plants during winter by keeping them warm and 
it help to initiate germination during cold season but dry but due to light weight they may be blown away even 
by light wind. To reduce these problems to used stone, bark or any other material that help to reduce wind 
problem.  

4. Bark clippings: These are good mulch materials as they are long lasting and allow proper aeration to the soil 
underneath. Wood bark has capacity to hold more water and bark mulch material is used in both the region 
very dry and very wet because if rain is too much the bark will be absorbed excess water and reduce 
waterlogged condition. When it rains too little, the wood chips will release the water they’ve been holding, 
providing your plants with water even in dry times. Hardwood bark clippings contain more nutrients than soft 
wood but bark clippings are not easily and abundantly available, and some bark products may cause 
phytotoxicity.  

5. Saw dust: Saw dust, obtained during finishing operation of wood and furniture is very poor in nutritive value 
as it contains only half the nutrients of straw. It decomposes slowly. Being acidic in nature, it should not be used 
in acidic soils.  

6. Compost: The compost is one of the best mulch materials. It increases microbial population, improves the 
soil health and adds some number of nutrients. Compost tends to be slightly acidic, so it’s an especially great 
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addition to a soil with alkaline nature. However, compost has one drawback. It is very fine and full of nutrients, 
so it doesn’t have much weed suppressing capability. 

Benefits of Organic Mulching 

1. Organic mulch plays very important role to reflect solar radiation. This keeps soil cooler and help to prevent 
evaporation.  
2. If organic mulch covered with soil suppressed the weed germination because they do not get light that need 
to germination and growth.  
3. It also reduces the soil erosion, as the wind or running water does not directly come in its contact and does 
not blow or wash it away.  
4. Mulches spread over soil, slow down rainwater run-off and increase the amount of water that soaks into the 
soil. And more water in the soil means more water for the crops.  
5. Organic mulches also improve the condition of the soil. This improves root growth, increases the infiltration 
of water, and also improves the water-holding capacity of the soil.  
6. It maintains a more even soil temperature and create a very good porous soil. 

Limitation of Organic Mulching 

1. Mulches can keep the soil too moist, restricting oxygen in the root zone on poorly drained soils.   
2. If mulch is applied close to or in contact with the stem, trapped moisture creates an environment conducive 
to development of diseases and pests.   
3. Certain types of mulches such as hay and straw contain seeds that may become weeds. 

Inorganic Mulch Material 
1. Gravel, Pebbles and Crushed stones: These materials are used successful for dry land fruit crops. Small rock 
or stone layer of 3-4 cm place on soil surface to provides good weed control, reduced evaporation and facilitate 
infiltration of rain water into the soil. But they reflect solar radiation and can create a very hot soil environment 
during summer.  

2. Plastic mulch: Plastic mulches are very effective as mulches for evaporation controls provided cost is not 
limiting factors. Both, black and transparent films are generally used for mulching. Advancement in plastic 
chemistry has resulted in development of films with optical properties that are ideal for a specific crop in a given 
location (Steinmetz et al., 2016). 

These are Three Types 

1. Photo-degradable plastic mulch: This type of plastic mulch material is easily destroyed by sun light in a 
shorter period.  

2. Bio-degradable plastic mulch: This type of plastic mulch film is easily degraded in the soil over a period of 
time.  

3. Colour of film: Films are available in variety of colours including black, transparent, white, silver etc. But the 
selection of the colour of plastic mulch film depends on specific targets. Generally, the following types of plastic 
mulch films are used in horticultural crops.  

a. Black plastic film: It helps in conserving moisture, controlling weed and reducing outgoing radiation.  
b. Reflective silver film: It generally maintains the root-zone temperature cooler.    
c. Transparent film: It increases the soil temperature and preferably used for solarization.  

4. Advantages of Inorganic Mulching: Moisture conservation, Soil Conservation, Soil Temperature, Soil 
Solarization (With Transparent Plastic Mulch Controls disease pest), Weed Control. 

Methods of Mulching 

1. Surface Mulching: Mulches are spread on surface to reduce evaporation and increase soil moisture.  
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2. Vertical Mulching: It involves opening of trenches of 30 cm depth and 15 cm width across the slope at vertical 
interval of 2-4m interval and fill with some organic material such as straw, stubbles, grass or organic matter at 
a layer of 10cm above the ground layer it will help to reduce runoff losses and increase infiltration rate of water.  

3. Polythene Mulching: Sheets of plastic are spread on the soil surface between the crop rows or around tree 
trunks. It helps to reduce evaporation and weed growth and increase the germination percentage of crop.  

4. Live Vegetative Barriers: Subabul and Glyricidia when used as live vegetative barriers on contour key lines 
not only serve as effective mulch when cut and spread on ground surface but also supply nitrogen to the extent 
of 25 to 30 kg per ha, besides improving soil moisture status. 
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Introduction 

HDP is defined as planting at a density in excess of that which gives maximum crop yield at maturity if the 
individual tree grows to its full natural size which is first planted in Europe at the end of 1966. 

HDP is one of the improved production technologies to achieve the objective of –enhanced productivity of fruit 
crop. Yield and quality of the produce are two essential components of the productivity. HDP aims to achieve 
the twin requisites of productivity by maintaining a balance between vegetative and reproductive load without 
impairing the plant health. 

Principle of HDP 

To make the best use of vertical and horizontal space per unit time. 
To harness maximum possible returns per unit of inputs and resource. 

Advantages of HDP 

1. Induces precocity, increases yield and improves fruit quality.  
2. Reduces labour cost resulting in low cost of production.  
3. Enables the mechanization of fruit crop production.  
4. Facilitates more efficient use of fertilizers, water, solar radiation, fungicides, weedicides. 

Methods of HDP 

1. Control of tree size: 
a. Use of genetically dwarf scion cultivars: 

Sl. No. Crop Dwarf cultivar Character 

1 Mango Amrapalli Precocious & tend to bear regularly 

2 Apple Red Chief, 
Oregon Spur 

Bear on short stem, spurs; grow to 60-70% of standard 
cultivars 

3 Banana Dwarf Cavendish High yielding with dwarf stature 

b. Use of dwarfing rootstocks and interstock: 

S.no. Crop Dwarfing rootstock 

1 Apple M9, M26, M27, Bud.9, P22 & Ottawa3 

2 Pear  Quince C 

3 Ber  Zizyphus rotundifolia 

c. Training and Pruning. 
d. Use of growth retardants. 
e. Induction of viral infection. 
f. Use of incompatible rootstock. 

2. Planting system: Various planting systems adopted in fruit crops like square, triangular, quincunx, 
rectangular, hexagonal, hedgerow ( single & double), paired planting and cluster planting.  

Square and triangular systems are followed for HDP in mango, Kinnow, banana, papaya and Hedge row system 
in apple and pineapple in India. 
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Advantages 

1. Regulated crops are desired to avoid the glut in the market and ensure the regular supply of fruits. 
2. It ensures quality production.  
3. It ensure good market price.  
4. It ensures availability of fruits throughout the year.  
5. It helps to satisfied consumer preferences It reduces cost of cultivation.  
6. It provides more profit to the grower. 

Disadvantages 

1. Plants may suffer, if pruned severe. 
2. Root pruning imparts infections of pathogen. 
3. Life of plants may reduce. 
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Introduction 

Recent reports on food security emphasize the gains that can be made by bringing existing agronomic and food 
science technology and know-how to people who do not yet have it as well as by exploring the genetic variability 
in our existing food crops and developing more ecologically sound farming practices. This requires building local 
educational, technical, and research capacity, food processing capability, storage capacity, and other aspects of 
agribusiness, as well as rural transportation and water and communications infrastructure. It also necessitates 
addressing the many trade, subsidy, intellectual property, and regulatory issues that interfere with trade and 
inhibit the use of technology. 

Current Scenario of Agriculture 

Today the human civilization is at the cross roads plagued by 3 major challenges: 
1. Food security. 
2. Agrarian distress. 
3. Climate change. 

Food Security 

Despite the dominance of agriculture in the world today, hunger and malnutrition persist in the developing 
world. At the same time, we are in the midst of a global obesity epidemic. The problem is that some people in 
the more affluent nations are eating enough food for two or three people, while others are going hungry. They 
are also going to want to eat higher up on the food chain i.e., more meat which will require even greater 
increases in crop production to feed all the additional livestock. Trying to prevent this trend is probably a futile 
exercise. 

Agrarian Distress 

Small Holder farmers are in enormous distress due to unviable operations, Low Yield, Unsustainable farming. 
Small farmers are Key to Food Security as largest cultivators of food crop. There is a continuous decline seen in 
the operational land holding. Agrarian distress has to be seen from 3 perspectives: 
1. From Policy perspective- It is against small farmers, Low public investment, and Poor regulation. 
2. From Market perspective- Decrease share of farmer in consumer price, unregulated prices and quality of 
inputs. 
3. From Farmer perspective- Increasing cost of production, increasing risk, Low access to productive resources, 
Decreasing support from the government. 

The growth in agriculture in India has been seen zig-zag due to uneven monsoon as our country agriculture is 
monsoon dependent agriculture. 

Climate Change 

Climate change will pose big problems for agriculture in the future. The relentless burning of fossil fuels is 
releasing billions of tons of CO2 into the atmosphere every year, triggering a cascade of by now familiar 
environmental consequences. First, CO2 accumulation is causing a rise in global temperature due to the 
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greenhouse effect, anywhere from 2 to 6°C by the end of the century. The melting of mountain glaciers would 
dry up rivers, devastating irrigation-dependent agriculture around the world, affecting billions of people. 

 

Opportunities of 21st Century 

21st century also offers enormous opportunities for increasing food production: 
1. Availability of substantial research information. 
2. Vast treasure of indigenous technical knowledge in the field of agriculture. 
3. National and international information sharing. 
4. Changing Socio-economic conditions in rural conditions. 
5. Frontier technologies, GIS, Remote Sensing. 
6. Advanced Information technology. 
7. Awareness for technology development and dissemination. 

Going Forward Future of Food Production 

Plant biologists have never had such a stunning array of molecular tools at their disposal to tackle the twin 
challenges of population growth and climate change. Thanks to the rapid advances in DNA sequencing, we now 
have an ever-expanding database of genomes, transcriptomes, expression profiles, small RNAs, and 
epigenomes. The next decade will likely see the development of combinations of desirable traits and the 
introduction of new traits such as nutritional improvements, resistance to viruses and pests, drought tolerance, 
and salt tolerance. 

Soil Degradation 

Soil degradation is a most serious environmental problem in many countries. One of the most important driving 
forces of soil degradation are human activities. Human activities often influence the natural processes in soil. 
Deforestation is a perceptible aspect of human activities in environment. This change has many interlink effects 
that can appear through the reduction of chemical and physical qualities of the soil resources. The soil is also 
the huge reservoir of carbon nearly as much as in the atmosphere. Based on this we need to take 3 steps to 
reduce CO2 in mitigate climate change: 
1. Reduce Deforestation. 
2. Reduce industrial emission. 
3. Increase soil organic carbon content. 

Conservation Agriculture 

The challenge of agricultural sustainability has become more intense in recent years with the sharp rise in the 
cost of food, energy and production inputs, climate change, water scarcity, degradation of ecosystem services 
and biodiversity, and the financial crisis. Consequently, the development community, including politicians, 
policy makers, institutional leaders as well as academics, scientists and extension workers, has been highlighting 
the need for the development of sustainable agricultural production systems that are compatible with the 
management of all ecosystem services and also permit the restoration of degraded agricultural lands. 
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Integrated Farming System 

Integrated farming system is important for the sustainable agriculture development which helps the farmer: 
1. Reduction in production cost. 
2. Decreases the farm input requirement. 
3. Multiple income sources. 
4. Minimizes use of chemical input. 
5. Pollution free environment. 
6. Improves the livelihood of farmers. 

Conclusion 

Evergreen revolution is one which combines the speed and specificity of genetic engineering with a 
sustainability of conservation agriculture. Sustainability also require geopolitical reforms that reduce poverty 
and empowered developing nations to become self-sufficient in food production. 
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Summary 

To address the consumers’ demands for healthier food, alternatives to current practices (thermal treatments/ 
chemical preservatives, etc.) are required. As a preservation method, ultraviolet (UV)-light irradiation has a 
positive consumer image and is of interest to the food industry as a non-thermal method. This type of radiation 
has already been used to disinfect drinking water, sanitize wastewater, etc. UV treatment can be used as an 
alternative to traditional thermal processing for liquid foods such as soft drinks, and beverages. Thus, by 
applying UV radiation during the cutting process, the shelf-life of the minimally processed product can be 
improved. 

Introduction 

UV treatment is basically a non-thermal treatment that can be used in food processing. It can be an alternative 
for the food processing industries compared to other treatments like thermal treatments (treatments involving 
use of heat). 

Thermal treatments can cause adverse effects to the food being processed and thermal methods (treatments) 
also involve high energetic costs. Consumer opinion is highly negative about the use of chemical preservatives 
in foods (to extend the shelf-life and to protect the foods from food-borne pathogens and spoilage 
microorganisms). 

Nowadays, consumers are becoming more aware of the safety of food/beverage products before they arrive at 
their hands. To address the consumers’ demands for healthier food, alternatives to current practices (thermal 
treatments/ chemical preservatives, etc.) are required. As a preservation method, ultraviolet (UV)-light 
irradiation has a positive consumer image and is of interest to the food industry as a non-thermal method. 

Dose of UV Light for Germicidal Effect 

Firstly, it is important to know about the different types of UV light. They can be categorized on the basis of 
their wavelengths; UV-A, UV-B, and UV-C. UV-A has the longest wavelength. They are long waves of 320 to 400 
nm. This wavelength is responsible for sunburns and is commonly linked to skin cancer. 

UV-B is a medium wave of 280-320 nm. UV-B is much weaker than UV-A. The third one is the UV-C. It has the 
shortest wavelength of 200-280 nm. This type of radiation has already been used to disinfect drinking water, 
sanitize wastewater, etc. According to FDA, UV-C (200-280 nm) is within the “germicidal range” as it “effectively 
inactivates bacteria and viruses”. This is due to DNA mutations that occur when UV light is absorbed by DNA 
molecules. UV-C can be used as it is lethal to most types of microorganisms and leaves no residue in the treated 
food. 

Mechanism of UV-Light Generation’s 

As we know that Atoms and ions emit light when they change from a higher energy state to a lower energy 
state. An atom and most ions consist of electrons (electrons closest to the nucleus having a lower energy and 
the electrons away from the nucleus having a higher energy). When electrons make a transition from a higher 
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energy, E2, to a lower energy, E1, a discrete amount of energy is released as photons of light. If the difference 
between energy levels (E2- E1) is appropriate, the light emitted is UV. 

Application of UV Radiation in Food Processing 

UV treatment can be used as an alternative to traditional thermal processing for liquid foods such as soft drinks, 
and beverages, pasteurization of fresh juices, for post lethality treatment for ready-to-eat (RTE) meats (i.e., post 
lethality treatment to control) monocytogenes and other pathogens of concern in meat and poultry processing 
facilities), and for shelf-life extension of fresh fruits and vegetables. It can be used in the decontamination of 
the equipment surface. It can also be used in the decontamination of conveyor surfaces and packaging 
containers such as boxes, caps, bottles, cartons, tubes, films, and foils. In the case of minimally processed fruits, 
the use of UV-C light helps to increase the levels of polyphenols and flavonoids. Thus, by applying UV radiation 
during the cutting process, the shelf-life of the minimally processed product can be improved. 

Opportunities of 21st Century 

21st century also offers enormous opportunities for increasing food production: 
1. Availability of substantial research information. 
2. Vast treasure of indigenous technical knowledge in the field of agriculture. 
3. National and international information sharing. 
4. Changing Socio-economic conditions in rural conditions. 
5. Frontier technologies, GIS, Remote Sensing. 
6. Advanced Information technology. 
7. Awareness for technology development and dissemination. 

Conclusion 

It would definitely benefit from radiation-based treatment and its various applications in the field of food 
processing. By adopting such treatments based on UV radiation one can not only reduce the harmful effects of 
preservations of other physical and chemical methods but also get the right way and right energy required for 
such purpose of processing of food materials. In short, we can say UV radiation is harmful for many reasons but 
it has several beneficial effects also for food processing and related industries. 
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We have often heard the term Genetically Modified Organisms or transgenic organisms in which the genetic 
material (DNA) has been altered in a way that it does not occur naturally. Genetically modified organisms 
(GMOs) are the result of genetic engineering or recombinant DNA technology by removing, inserting or editing 
the genes of particular organism (plant or animal). Such methods are used to produce genetically modified 
plants which further give gives rise to genetically modified food. Genetic engineering is finding its new uses in 
agriculture and food sector for the development of crops which are resistant to insects, pests, a biotic 
environment conditions, diseases, herbicides and has increased levels of micronutrients. Researchers have 
found that genetically modified foods may cause allergic reactions and anti-nutrients which may hinder with 
utilization of nutrients.   

Humans have been breeding the animals, plants and microorganisms for improving various characteristics since 
a long time back. Traditionally humans have indirectly controlled the breeding process by mating a female and 
male to have the offspring of desired attributes but now in the modern era of technology this can be 
accomplished by alteration in DNA sequences or direct mutation of the genes. 

Such breeding where selected genes (contains inheritable traits) from one organism can be incorporated in the 
other organism by different means of transferring is referred to as genetic engineering or recombinant DNA 
technology (Bawa et al. 2020). In the recent years’ researchers have found various techniques for directly 
manipulating the genetic characteristics such as cell hybridization, protoplast fusion and recombinant DNA 
techniques so as to perform specific functions. 

In the prospect of agriculture and food sciences genetic engineering is playing a vital role in the development 
of new and improved plant varieties which has led to increase the output as well as the quality of the crop. One 
such example is the genetically modified foods which are produced from genetically altered crops. 

Genetically modified crops yield better food products as they are the mixture of desired characters what a 
breeder wants like herbicide and insect tolerance, better tolerance to environmental stress, increased level of 
carbohydrates, proteins, micronutrients and healthier fats. 

Genetic engineering was introduced in late 1970’s and researchers were able to produce the very 1st GMO 
product (GMO tomato) in which they removed the gene which was responsible for softening of tomatoes after 
harvesting. Tomato was followed by soybeans, corn, rapeseed and cottonseed oil which were made by inserting 
the herbicide and insect resistant genes. 

Rice were introduced a gene from daffodils which increased the vitamin A content in late 1990’s. The plant 
whose genetic material is altered is referred to as genetically modified food crops. These crops are further 
classified into 3 categories as mentioned in table 1. 

Table1) Classification of Genetically modified crops: 

SN Type Key features Example 

1 1st Generation 
crops  

Crops with enhanced traits such as herbicide 
and insect tolerance, better tolerance to 
environmental stress. 
 

Insect resistance maize and 
herbicide resistant potato. 
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2 2nd 
Generation 
crops  

Crops with enhanced level of new traits such as 
increased protein, carbohydrates, 
micronutrients and fats. 
 

Rice with increased level of beta 
carotene and tomatoes with 
increased level of carotenoids. 
 

3 3rd Generation 
crops. 

Crops are under research but can be effective 
against a biotic stress such as increased 
temperature and varied environmental 
conditions. 

Recombinant anti thrombin 
derived from the goat milk is the 
1st human biologic drug. 

Genetic engineering has made strong roots in agriculture for producing the transgenic crops. There is major 3 
techniques by which the DNA alteration takes place in any crop namely:  
1. Gene shifting: Involves the insertion of isolated gene from the selected organism into the plant which works 
as the gene of the plant. This method improves the resistant towards insect hence increasing the yield.  
2. Gene silencing: It involves removing the particular gene from the plant which is causing trouble. The function 
of particular gene is either reduced or completely stopped hence the plant grows healthy. 
3. Gene splicing: It involves changing the percentage of the constituents of the crop or food such as monitoring 
the starch content in the rice or potato. It is as simple as changing the catabolism process. 

Steps for Production of GM Plants 

Identification of gene and suitable organism 
(Traits such as insect and pest tolerant) 

 
Copying the gene 

(Extracting the selected gene) 

 
Insertion 

(Inserting the gene into the plant by suitable method) 

 
Growing of plant 

(In the laboratory under observation) 

For the fast-growing population an adequate food supply is turning to be a major obstacle in the coming years 
(Oliver, 2014) GM foods ensures to meet the demands of the over rising population, with number of benefits 
like insect, herbicide, disease, cold and drought tolerance. Since every coin has two sides similarly genetic 
engineering has its own pros and cons as depicted in table 2.  

Table 2) Advantages and disadvantages of GM food: 

Conclusion 

Genetic engineering is a process of alteration of DNA sequences to produce the transgenic organism (plant or 
animal). This emerging technology is found to be very fruitful for agriculture and food sector. One such type is 
genetically modified food which ensures to meet the demand of over rising population by improving the yield.  

SN  Advantages Disadvantages 

1 Better nutrition profile 
(Increased vitamins or proteins) 

Alteration may cause allergic reactions  

2 Crops can grow in bad environmental 
conditions  

Genetically modified foods may not be labeled 
sometimes. 

3 Improved yield and quality Loss of indigenous species   

4 Improved shelf life Increased cost of cultivation  

5 Reduction in the use of synthetic chemicals Disruption of natural genes 
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Genes from several beneficial microbes or bacteria are inserted in the food crops which can kill certain insects 
and does not cause any harm to humans. Like every coin has two sides similarly GM food has its own merits and 
demerits. Along with a number of benefits researches has concluded that GM foods are found to cause allergic 
reactions and give rise to anti nutrients which may hinder with the absorption of nutrients. This advancement 
in molecular technology can lead to reduction in the use of synthetic chemicals for better yield. 
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Abstract 

Balanced diet helps to improve immune system and to protect from pathogenic organisms such as viruses, fungi, 
bacteria, parasites. In order to fight against foreign bodies increased rate of metabolism is required which can 
be from the energy sources, biosynthesis substrates, and regulatory molecules & above all are derived 
essentially from the diet. Several vitamins (A, B6, B9, B12, C, D, and E) and trace elements such as zinc, copper, 
selenium, and iron were found to play a crucial role in strengthening the human immune system and reducing 
inflammatory risk. Dietary approaches to balanced microbiota play a major role in the immune system.  

According to the COVID – 19 description Gut dysbiosis is a characteristic of infectious diseases. A serious 
infection with respiratory epithelium might lead to a condition known as cytokine's acute respiratory distress 
syndrome (ARDS) which is evident from COVID-19. Although there is no medication for COVID-19 as yet, 
preventive steps to improve our immune system under current conditions are accompanied by conventional 
medicinal sources (Kupferschmidt 2020; Gorbalenya et al., 2019). 

Having a healthy diet with adequate fruits and vegetables promotes a well-functioning and efficient system to 
protect against infection and various diseases. Intake of immune boosting foods such as spices and other foods 
protected the immune system and increased the survival rate of coronary patients in India. “Whenever the 
immune system cells are affected by the disease-causing agents human body produce antibodies to support 
their survival”. To overcome these consumptions of nutrient-rich foods are essential to avoid defects that could 
weaken the immune system. 

Keywords: Immunity boosting foods, Anti-viral effect, vitamins, micronutrients, COVID-19. 

Introduction 

Immunity is a major tool to defend against infectious diseases. The immune system is one of the most 
complicated body systems, made up of a network of cells, enzymes, tissues, and organs working together to 
protect the body. This complexity ensures that it cannot be acutely changed by a single dietary action.  

Adherence to a balanced diet offers continuing assistance to the immune system and can also prolong the 
immune senescence process (natural progressive weakening of the immune system as we grow older) (Anthony 
et al., 2017).   Important nutrients that support the immune system includes copper, folate, iron, selenium, zinc, 
vitamins (A, B6, B12, C, and D) etc., No single food is preferred over another for the best-functioning human 
body. Thus, consuming a variety of foods can improve a healthy, balanced diet. 

The immune defence of all of these nutrients depends on their antioxidant ability (oxidation is a chemical 
reaction that can kill cells) when ingested more than their exhaustion. 

How to Strengthen the Immune System? 

Healthy diet helps the body throughout life, from birth to old age. A healthy diet, including all food classes, 
encourages an efficient immune system and can serve as a buffer against pathogens, tumours, metabolic 
disorders, and other diseases (Zhu et al., 2020). Immune system can be modulated through foods and 
supplements. It consists of two types innate and adaptive immunity. 

List of Foods and their Nutrients, Role in Immunity are mentioned in Table 1: 
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S. No Nutrient Foods Role in immunity References 

1. Protein Fish, meat, milk, 
yogurt, eggs, 
cottage cheese, 
seeds, pulses, and 
lentils, whey 
protein 

Vital building block for immune cells and 
antibodies and also in our immune 
response. 

Alpert. 2017. 

2. Vitamin A Cabbage, squash, 
broccoli, mangoes 
etc. 

Improve the immune system against 
foreign toxic substances 

Calder. 2013. 

3. Vitamin B6 Green leafy and 
other vegetables 

Stimulates metabolic processes in the 
immune system 

Wintergerst.2007 

4. Vitamin C Bananas, 
tomatoes, 
broccoli, and 
spinach, oranges 

Minimizes inflammation and promote the 
production of collagen, helps to improve 
the blood levels of antibodies and helps 
the body to determine what protection is 
needed. 

Haryanto.2015. 

5. Vitamin D Fatty fish, canned 
salmon, sardine 
fish, vegetables 

Stops the development of reactive 
oxygen (RO) intermediates and enhances 
DNA damage in immune cells,  

Maggini. 2008. 

6. Vitamin E Macadamia nuts, 
pumpkin seeds, 
cucumber seeds, 
almonds 

Stabilizes the membrane of the immune 
cells and promotes the biodefense 
antigen cells and T cells 

Carr. 2017. 

7 Minerals 
Selenium 

Brazil nuts, 
seafoods, and 
organ meats 

Prevent the oxidation of lipids in the cell 
membrane, which can reduce oxidative 
stress affecting immune cells. 

Saeed. 2016 

 
8. 

 
Zinc 

Chickpeas, 
fortified cereals, 
seeds, oysters, 
pork chop, and 
yogurt. 

Immune system progressions in cells 
were grown and differentiate aided by 
zinc. 
 

 
Tang et al., 2020 

Pro and Prebiotics 

This helps in boosting the health of the microbiome system which acts as the body's powerful army. It puts up 
an array of sophisticated protective barrier against threats from within and without. Fermented foods such as 
yogurt, sauerkraut, miso, and kefir support and protect us from harmful pathogens. Bananas, beans are 
prebiotic sources (Davis. 2014). 

Immune boosting super foods and their role are mentioned in Table 2: 

S.No. Immune Boosting Super foods and Chief Component present Role in immunity 

1. Haldi (Turmeric)- Curcumin Anti-biotic, Anti-inflammatory 

2. Garlic- Allicin Anti-carcinogenic, Anti-
inflammatory 

3. Kali Mirch (Black pepper)- Piperine Anti-microbial, Anti-
inflammatory 

4. Tulsi (Holy Basil)-Oleanolic acid, Ursolic acid, Rosmarinic acid, 
Eugenol, Carvacrol, Linalool, and β-caryophyllene. 

Anti-biotic, Anti-inflammatory, 
Anti-microbial 



 

 
Volume 3 - Issue 01 - January 2021       218 | P a g e  
 

5. Amla (Indian Gooseberry)- Ellagitannins Anti-biotic, Anti-inflammatory 

6. Jamun (Black Plum)- Jambolan. Anti-biotic, Anti-inflammatory 

7. Darchini (Cinnamon)- Cinnamaldehyde. Anti-biotic, Anti-inflammatory, 
Anti-diabetic 

8. Lentils- Carbohydrate, Protein. Anti-biotic, Anti-inflammatory 

9. Eggs- Carbohydrate, Protein. Anti-biotic, Anti-inflammatory 

10. Spinach- Vitamin -A, B6, B9, C, E, K, Iron, Zinc, Magnesium, 
Potassium, Folic acid, Calcium. 

Anti-biotic, Anti-inflammatory 

11. Broccoli- Vitamin -A, C, K, Iron, Zinc, 
Magnesium, Potassium, Calcium. 

Anti-biotic, Anti-inflammatory 

12. Salmon- Astaxanthin, Protein, Selenium, Potassium and Vitamin 
B12, omega-3 fatty acids. 

Anti-biotic, Anti-inflammatory 

Conclusion 

Amino acids, proteins, vitamins, minerals, lipids, or carbohydrates enhances immunity. The components in 
foods that improve immune functions and the mechanisms by which foods exert immuno-modulating effects 
vary. Foods that contain antioxidants, vitamins and minerals helps in improving the immune system. Also, 
preparing meals that contain basils and Haldi, sage, oregano, fennel, cinnamon, and cumin are also effective in 
boosting the immune system. 
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Onion being a perishable commodity has susceptible to post-harvest diseases like black mould (Aspergillus 
niger), basal rot (Fusariumoxysporum), bacterial brown rot (Pseudomonas aeruginosa) and soft rot 
(Erwiniacarotovora subsp. carotovora). Out of these black moulds caused by Aspergillus niger is an important 
post-harvest disease of onion and cause economical losses during storage and reduces the market value mainly 
due to deteriorating the quality of bulbs. Black mould disease is very common in India wherever onion bulbs 
are stored. It causes post-harvest blemishes and rotting of onion bulbs during storage. In some extent the 
storage losses in onion also caused due to incidence of basal rot disease. Bacterial soft rot and brown rot may 
also cause heavy spoilage in onion during storage, if rainfall occurred during bulb maturity or at the time of 
harvesting of onion crop.  Generally, onion bulbs produced during rabi season to be kept in storage for five to 
six months (May to October). The stored onion bulbs may be used for domestic consumption, export to various 
countries or seed production. The pre-harvest spray of carbendazim with streptocycline, proper bulb drying, 
curing, neck cutting and disinfection of storage structure play an important role to reduce the incidence of post-
harvest diseases as well as minimizes the storage losses of onion. Realizing the importance of the above facts, 
the present article contains the major storage diseases and its management of post-harvest diseases of onion. 

Important Storage Diseases of Onion 

Black mould: Black mould disease (Aspergillus niger) is very common in India wherever onion bulbs (red/white) 
are stored. It causes post-harvest blemishes and rotting of onion bulbs during storage. In advance stages of the 
disease, the entire surface of bulbs turns black and all scales are infected. It causes slow shrivelling of the 
affected scales assuming the brittle texture. It reduces the market value of the bulbs. The fungus grows 
saprophytically and is cosmopolitan in nature and carry with onion bulbs from field to storage. Therefore, spores 
of the fungus are very common in air and soil. Fungal pathogen is weak, but readily invaded in the scale surface 
and grows rapidly under high relative humidity. 

 
Black mould incidence in white onion bulbs 
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Basal rot: The basal rot disease (Fusariumoxysporumf.sp. cepae)  is prevalent in almost all parts of the country 
where cultivating the onion. A semi watery decay affecting the fleshy scales starts from the base and progresses 
upwards and with early infection decay may be almost complete by harvest time. The bulbs show rotting from 
the basal portion and whitish growth of mycelium appeared under high humidity. 

 
Basal rot incidence in onion bulb 

Brown rot: The brown rot (Pseudomonas aeruginosa) is an important bacterial disease of stored onion in 
subtropical counties especially in India. Dark brown discoloration in bulb scale is the characteristic feature of 
the disease. Browning of the inner scale along with rotting is the typical symptom of disease. The rotting starts 
from the inner scales and spread to outer scale. Apparently, the bulb seems to be healthy but when pressed, 
the white oozing is noticed from the neck. In severe cases the whole lot of bulbs get rotten giving the bad odour 
in storage. They are causing heavy loss of stored onion under favourable environmental conditions, which is 
evident after six weeks of harvest. 

 
Bacteria brown rot incidence in  onion bulb 

Soft rot: Soft rot (Erwiniacarotovorasubsp. Carotovora) is a common bacterial disease in onion, mostly in 
storage and transit. Under favourable conditions, it can cause severe losses in stored onions. It may also develop 
in field after heavy rains at harvest. The bacterial pathogen occurs in soil and irrigation water. Severe 
discolouration with soft rotting of onion bulbs are the characteristic symptoms of disease. The affected fleshy 
scale tissues are water soaked and pale yellow to light brown and become soft as the rot progresses. The watery 
liquid may ooze from the neck having foul odour as the disease advanced and, if squeezed. 
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Bacterial soft rot in stored onion bulbs 

Important Tips for Management of Storage Diseases of Onion 

Pre-harvest spray of pesticides: Pre-harvest spray of carbendazim @ 0.1%+ streptocycline @ 0.02% on onion 
crop before 15 days of harvesting effectively control the post-harvest fungal and bacterial bulb diseases  of 
onion during the storage period. 

Disinfestations and Cleaning of Onion Storage Structure / Godown 

1. Manually remove the black mould infected bulbs, damage bulbs and outer dried scale of onion from the 
storage. 

   

Disinfection of small onion storage structure  (1 MT capacity) Storing of onion bulbs 

 

Disinfection of big onion storage structure (50Tones capacity) 
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2. Clean the storage floor as well as small infected bulbs or outer scale of onion left in between the bamboo and 
wooden stick of chawal with the help of mop. 
3. Collect the above infected material and placed in pit or burnt it to destroy the primary inoculum source of 
black mould and around the onion storage. 
4. Disinfect the onion storage by spray with combined spray of chloropyrifos @ 5 ml + carbendazim @ 2 g/L of 
water and around the storage structure  before keeping the bulbs. 

Important Tips Helpful for Minimizing the Storage Losses 

1. Well dried and cured onion bulbs with 2.5 cm long neck suitable for storage.  
2. Shorting and grading will be done and discard the rotten, damaged and doubled bulbs. 
3. The good quality graded onion bulbs with 40 to 60 mm diameter size should be stored.    
4. Maintained proper ventilation in storage. 
5. Onion bulbs should be protecting from direct rain by covering of storage structure from all four sides with 
the help of old jute bags and remove the cover when stopped the rain. 
6. Onion bulbs should be protecting from direct sun light by covering of storage with green colour shade net 
during hot weather. 
7. To avoid the stagnation of rain water around the storage by making the proper drainage system during heavy 
rainfall. 

 
Onion storage covered with green-shade net 
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Summary 

The beneficial elements are not considered as essential for all crops but can improve plant growth (eg: Al, Si, 
Co, Na and Se). They impart resistance from abiotic stress like drought, salinity and nutrient deficiency and 
biotic stresses like pathogens. 

They activate many enzymes like Superoxide dismutase, catalase, ascorbate peroxidase and enhance 
antioxidant defence etc., in different crops and also pathogens like late blight of potato, blast rot, diamond back 
moth can be suppressed. 

Introduction 

The beneficial elements are not considered as essential for all crops but may be crucial for particular plant taxa. 
The distinction between beneficial and essential is often difficult in the case of some trace elements.  Aluminium 
(Al), cobalt (Co), sodium (Na), selenium (Se), and silicon (Si) are considered beneficial elements for plants. 

They have been reported to improve resistance to biotic stresses such as pathogens and herbivores, and to 
abiotic stresses such as salinity, drought and nutrient toxicity or deficiency. The beneficial effects of low doses 
of Al, Co, Na and Se have received little awareness compared to toxic effects that occur at higher concentrations. 
Better understanding of the effects of beneficial elements is important to improve crop productivity and 
enhance plant nutritional value for a growing world population. 

Chlorine 

Chlorine is involved in osmosis (movement of water or solutes in cells), the ionic balance necessary for plants 
to take up mineral elements and in photosynthesis. Deficiency symptoms include wilting, stubby roots, chlorosis 
(yellowing) and bronzing. Odours in some plants may be decreased. Chloride, the ionic form of chlorine used by 
plants, is usually found in soluble forms and is lost by leaching. Some plants may show signs of toxicity if levels 
are too high. 

Nickel 
Nickel has just recently won the status as an essential trace element for plants. It is required for the enzyme 
urease to break down urea to liberate the nitrogen into a usable form for plants. Nickel is required for iron 
absorption. Seeds need nickel in order to germinate. Plants grown without additional nickel will gradually reach 
a deficient level at about the time they mature and begin reproductive growth. If nickel is deficient plants may 
fail to produce viable seeds. 

Sodium 

Sodium is involved in osmotic (water movement) and ionic balance in plants. 

Cobalt 

Cobalt is required for nitrogen fixation in legumes and in root nodules of nonlegumes. The demand for cobalt 
is much higher for nitrogen fixation than for ammonium nutrition. Deficient levels could result in nitrogen 
deficiency symptoms. 



 

 
Volume 3 - Issue 01 - January 2021       224 | P a g e  
 

Silicon 

Silicon is found as a component of cell walls. Plants with supplies of soluble silicon produce stronger, tougher 
cell walls making them a mechanical barrier to piercing and sucking insects. This significantly enhances plant 
heat and drought tolerance. Foliar sprays of silicon have also shown benefits reducing populations of aphids on 
field crops. Tests have also found that silicon can be deposited by the plants at the site of infection by fungus 
to combat the penetration of the cell walls by the attacking fungus. Improved leaf erectness, stem strength and 
prevention or depression of iron and manganese toxicity have all been noted as effects from silicon. Silicon has 
not been determined essential for all plants but may be beneficial for many. 

Silicon Sources 

Calcium silicate slag – 18-21% Si 
Calcium meta silicate – 31% Si 
Sodium metasilicate – 23% 

Table. 1 Role of various beneficial elements in plant metabolism: 

Beneficial element Plant Species Antioxidant enzymes Stress type 

Aluminium Tea Activity of Superoxide 
dismutase, catalase 
increases 

Improves growth 

Cobalt Tomato Activity of Superoxide 
dismutase, catalase 
increases 

Improves growth 

Selenium Clover Alleviates ascorbate 
peroxidase and 
glutathione reductase 

Drought stress 

 Rapeseed Enhance antioxidative 
defence  

Salt stress 

 Sorghum leaves Enhance antioxidative 
defence  

Chilling stress 

Silicon Barley Higher activity of 
superoxide dismutase, 
peroxidase, catalase 

Salt stress 

 Rice Enzymatic antioxidant Salt stress 

 Wheat    Improved leaf 
membrane index, 
epicuticular wax and 
proline level 

Drought stress 

(Kaura et al. 2015) 

In plants, beneficial elements at their low concentrations trigger the antioxidants, metal chelators, antifeedants, 
antibiotics, phytoalexins, and various growth regulators through a signalling cascade, which impart resistance 
against biotic stresses (Table 2). Additionally, in response to metal ions, a variety of S-containing secondary 
metabolites such as thionins and defensins, glucosinolates, and phytoalexins are synthesized, having a key role 
in defence against pathogen and herbivore attack. Also, the low-molecular-weight thiol glutathione (GSH), 
evoked by beneficial elements, plays a significant role in response to biotic stresses as part of the glutathione 
cycle in detoxification of reactive oxygen species. 

Table. 2 Role of beneficial elements in pathogen resistance: 

Beneficial element Plant species Insect/pathogen 

Aluminium Potato Late blight of potato 
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Blast rot 

Selenium Desert princess plume Diamond back moth 

 Indian mustard Alternaria brassicicola 
Fusarium spp. 

Silicon Cucumber Stem rotting and stem lesions 

 Grape Powdery mildew 

 Rice Leaf and neck blast 

 Maize  Pink stalk borer 

(Kaura et al. 2015) 

Conclusions 

Elements such as aluminium (Al), cobalt (Co), sodium (Na), selenium (Se) and silicon (Si) are considered 
beneficial for plants. Na and Si are vital for certain plant groups, while Al and Se are recommended as crucial 
for some hyperaccumulator species. Co is essential for the microbial partners of some plants rather than the 
plants themselves. The mechanisms following the beneficial effects (at low levels) to the plants have not been 
fully explored, unlike the toxic effects (at high levels). How these elements impart protection from pathogens 
and abiotic stress factors need to be probed further, especially at a molecular level. Whether these elements 
have synergistic or antagonistic effects on plants growing under unstressed and stressed situations requires to 
be investigated. Foliar application of these elements needs to be tested in plants growing under stressed 
environment. 
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Citrus is grown in 114 countries around the world. Out of these, 53 countries grow citrus commercially with a 
total production of more than 115 million tonnes. On production basis, China tops the list with 22.9 million 
tonnes followed by Brazil with 22.7 million tonnes and USA with 10.4 million tonnes. India with 10.48 million 
tonnes is at 4th position. Mexico with 6.7 million tonnes and Spain with 6.5 million tonnes are rank at 5th and 
6th position. Commertial Citrus fruits of the trade include sweet orange (Citrus sinensis Osbeck), Mandarin (Citru 
reticulata Blanco), limes (Citrus aurantifolia Swingle), lemon (Citruslimon (L) Burm.f), grapefruit (Citrus paradise 
Macf.) and pummel (Citrus grandis (L.) Osbeck). 

The world citrus is dominated by sweet orange with a 64% contribution followed by mandarins with 20%, limes 
and lemons 10% and rest of the 6% contributed by grapefruit and other citrus fruits. In India, the area under 
citrus is 1.07 million ha with a production of 10.48 million tonnes and average productivity of 9.78 tonnes/ha. 
India ranks sixth among top citrus producing countries contributing 4.80 % to the world’s total citrus production. 
Still, the production per ha is much lower than other countries like USA, Brazil and Spain etc. 

Total mandarin production in India is 3.25 million tonnes with 0.32 million ha area and 10.16 tonnes/ha as 
productivity while limes/lemons have occupied an area of 0.21 million ha with 2.10 million tonnes production 
and 9.62 tonnes/ha productivity. Over the last 20 years, expansion has been recorded at an annual rate of 5.95% 
in area and 6.2% in production. 

The famous Nagpur orange (mandarin) is grown in humid tropical Vidarbha region of Maharashtra where 
summer temperature reaches as high as 45-460C. Both Maharashtra with 278,000 ha area under citrus in 
Central India and Andhra Pradesh with 1,28,000 ha in South India enjoy a distinct tropical climate where there 
is no well-defined winter season with low temperature regime. The Kinnow mandarin, however, is showing 
good promise and is commercially successful in north Indian states like Punjab, Haryana and Rajasthan falling 
under subtropical climate with distinct winter season. 

Quality Planting Material 
1. High yielding, true-to-type and virus-free planting material and subsequently to establish virus-free protected 
and field foundation blocks. 
2. Production of quality root stocks i.e., resistant to  biotic and a biotic stress. 

Steps for Production of Quality Planting Material 
1. Germplasm and Improvement: 

a. The germplasm repository of Institute has a total of 614 accessions of citrus including 23 rootstocks 
from exotic sources (from U.S.A. and Australia), 552 from indigenous sources and 39 scion cultivars 
(mandarin, sweet orange, grapefruit and pummelo from U.S.A., France, Japan and Niger). 
b. Two clones-one with less seeds and another with early maturing traits have been identified and are 
being further evaluated under AICRP. Besides, 55 superior clones of Nagpur mandarin, 12 of Acid lime, 
5 of ‘Mosambi’ sweet orange and 6 of pummelo have been identified. 
c. Shoot tip grafting (STG) method has been standardized for cleaning the scion mother plants of virus 
for utilization in production of disease-free planting material. 
d. A technique of micro budding on young citrus root stock measuring 3mm has been standardized. 
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e. In-vitro regeneration protocol has been standardized for Citrus limonia Osbeck and Rangpur lime 
(Gonicoppal and Brazilian) with 50% survival in sterilized soil mixture (soil, sand and cocopeat). 
f. Protocols for production of disease-free quality planting material of Nagpur mandarin, acid lime and 
Mosambi orange and distribution of the material have been standardized. 
g. The rootstock Alemow was identified as most promising rootstock for Nagpur mandarin as well as 
acid lime for improved quality production. 
h. Introduction of germplasm from outside sources would become all the more expensive and difficult 
with protected varieties and rules of IPR and WTO regimes. 
i. An engineered rootstock capable of withstanding both biotic as well as abiotic stresses, besides fitting 
well into high density planting will improve factor productivity of citrus orchards. 
j. Establishment of Model Citrus Nursery utilizing the elite mother stock, biological and molecular 
indexing, containerization, solarized potting mixture and high budding in each district is necessary so 
that concept of commercial nursery on scientific footing percolates down to end users. 

2. Genetic Resources and Crop Improvement: 
a. Characterization and cataloguing of citrus germplasms using microsatellite molecular markers. 
b. Marker-aided-selection of citrus germplasm for useful traits e.g., less seeded, suitable for processing, 
tolerance to drought, floods, salinity and diseases. 
c. Rootstock improvement through protoplast fusion. 
d. Clonal selection for better yield and quality and ploidy manipulation for seedlessness. 
e. Evaluation and barcoding of citrus germplasm. 
f. Hybridization for scion and rootstock improvement. 
g. Identification of germplasm tolerant to water stress (drought and flood). 
h. Evaluation of cultivars for increased CO2 level and higher temperatures. 

3. Crop and Resource Management and Environment: 
a. Evaluation of new rootstock and scion combination for biotic and abiotic stress management 
especially tolerance to drought, floods and Phytophthora root rots. 
b. Studies on crop phenology under changed climatic conditions, induction of flowering, crop regulation 
for assured Mrig crop of 
c. Nagpur mandarin and fruit quality management. 
d. Development of agro-techniques for high density planting in major citrus cultivars with emphasis on 
plant canopy management. 

Production of Disease-Free Planting Material of Nagpur Mandarin (Citrus Reticulata) by Shoot 
Tip Grafting 

Shoot tip grafting (STG) has been standardized to produce true-to-type and virus-free planting material and 
subsequently to establish virus-free protected and field foundation blocks. Both biological and serological 
indexing were done for testing selected superior mother trees and STG-derived plants. A total of 245 STG grafts 
have been produced, of which 203 plants were found free from virus and virus-like diseases. These STG-derived 
disease-free plants were used to develop foundation block which acts as a source of virus-free scion material. 
So far 15,000 STG derived healthy citrus plants were produced and released to citrus growers and nursery men. 

Micro Budding of Indigenous & Exotic Citrus Cultivars 

Commercial Citrus propagation in India, by shield/T budding is an age-old practice and is confronted with the 
limitations of appropriate rootstock size/age (1 year old Rough lemon(C. jambhari Lush), 1½ to 2-year-old 
Rangpur lime (C. limonia Osbeck)), scion wood (round twigs having white streaks which are season restricted) 
and favorable climate for budding. Further traditional budding takes longer time (about 22 months) to produce 
plantable bud grafts. A rapid and year-round propagation technique known as “micro budding” that can reduce 
the nursery phase was developed first time in India at CCRI in Citrus reticulata Blanco Nagpur Mandarin on just 
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5-month-old commercial Citrus rootstocks of Central India. This method is reliable & reproducible for all Citrus 
species (Sweet orange (C. sinensis Osbeck), Kinnow mandarin (C. nobilis x C. deliciosa) and other exotic cultivars 
also. This biotech break has tremendous scope in commercial propagation and research. It can be done in a 
low-cost green house and reduces huge cost on labour and maintenance during the nursery phase. Through 
this technique CCRI has multiplied around 15,000 quality planting material of Nagpur mandarin in a time span 
of 11 - 12 months and released grafts to Citrus growers of Central India. Before releasing, the micro budded 
plants of Citrus reticulata Blanco Nagpur mandarin were evaluated for their performance in replicated field 
trials both at CCRI and on farmers’ fields. 

Table 1 Comparative performance of micro budding vs conventional budding on Rough lemon: 

sn Rootstock Type of 
budding 

Days of 
sprouting 

Plant height 
(4½ 
months)(cm) 
 

No. of 
leaves 
(4 ½ 
months) 

Plant height 
(9 
months)(cm) 

No. of 
leaves 
(9 
months) 

Success 
of micro 
budding 
(%) 

 Rough 
lemon 

Microbudding 12.90 
 

23.80 
 

20.66 
 

47.95 
 

36.57 
 

95.71 
(78.03) 

  Commercial 
budding 

30.14 23.31 20.34 50.15 36.93 90.57 
(72.05) 

 Rangpur 
lime 

Microbudding 13.40 21.42 20.14 45.21 35.26 92.41 
(74.00) 

  Commercial 
budding 

30.57 
 

24.22 21.36 55.34 44.42 73.81 
(59.21) 

Micro budding was successfully done on Rough lemon and Rangpur lime rootstock seedlings of five-month age, 
10” height, measuring 3 mm in diameter by inserting new flush of scion in a wedge cut given at the decapitated 
top of the seedling and immediately covering with a micropipette tip. Bud sprouting was observed within 12-
14 days. Days taken for bud emergence is significantly lower in micro budded rough lemon compared to 
conventional budding. The time taken for the emergence of sprouted shoots in micro budding is half of the 
duration required in conventional shield budding. In rough lemon maximum mean success (95.71%) obtained 
with micro budding in comparison with propagation by conventional shield budding (90.57%). No significant 
difference was observed between the treatments for plant height and number of leaves both at 4 ½ and 9 
months after budding in rough lemon rootstock (Table 1.). In case of Rangpur lime also significantly higher 
percentage of budding success (92.41%) was obtained with micro budding propagation compared to 
conventional shield budding (73.81%). Significantly earliest sprouting bud was obtained in micro budding 
compared to shield budding. 

Nursery Performance 

A total of 19 exotic and indigenous Citrus cultivars were propagated via micro budding for early market supply 
of newly introduced/ released varieties, which fall in the category of mandarin, Sweet orange, Grapefruit, 
pummelo and Acid lime. The data revealed in mandarin group the success varied between 70-100%, in Sweet 
orange the micro budding success varied between 65-100%, in grapefruit between 81.5 to 100%, in pummelo 
both the indigenous & exotic pummelo cultivars micro budded with 100% success. Poor micro budding success 
was obtained in Acid lime (20%).  

Table 2: Effect of exotic and indigenous cultivars on micro budding success: 

sn Treatment 
 

% Success 
 

Days 
taken for 
sprouting 

scion 
height 
(cm) 

girth of 
scion 
(cm) 

total 
height 
(cm) 

no of 
leave 

 Nagpur mandarin 100(90)a 13.30h 23.90a 0.98bc 47.50a 20.60a 

 Sweet orange 90(73.62)bc 16.50g 17.80bc 0.83cde 39.00bcde 17.70ab 
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 Cala mondin 80(66.38)cde 16.20g 20.70ab 0.74defg 41.80abc 17.60ab 

 Kinnow mandarin 70(59.87)de 16.50g 15.40cd 0.64g 31.80efg 14.30bc 

 Acid lime 20(26.56)f 19.00efg 2.4i 0.14h 6.6h 2.8g 

 N4 seedless 100(90)a 15.90g 17.46bc 0.82cdef 42.90ab 14.66bc 

 CCRI pummelo 5 
Cutter 

100(90)a 19.80de 7.66gh 0.88bcde 32.45defg 6.46fg 
 

 Valencia 100(90)a 16.40g 15.79bc 1.03b 42.73ab 11.93cd 

 Flame 
Grapefruit 

100(90)a 20.40cde 14.39cdef 0.91bcd 
 

39.19bcd 10.59de 
 

 Frost owari 86.66(71.58)bcd 16.80fg 10.33efgh 0.64fg 
 

33.73defg 9.26def 

 USA-145 
Pummelo 

100(90)a 20.50cde 
 

14.86cde 134a 41.93abc 10.06def 

 Mar’s early 86.48(70.80)bcd 21.10bcd 10.60defg 0.88bcde 36.10bcdef 9.85def 

 Salustiana 97.10(82.38)ab 22.25abc 9.8fgh 0.88bcde 35.07cdef 9.70def 

 Delta 92.59(77.74)abc 20.60cde 8.22gh 0.73efg 31.92defg 9.0def 

 Trovita Strain 96.55(83.13)ab 23.65a 5.57hi 0.64g 27.64g 6.55f 

 Cara cara 90(75.98)bc 23.35ab 7.85gh 0.71efg 29.90fg 8.95def 

 Rio red 85(72.12)bcd 20.60cde 8.60gh 0.83cde 32.00defg 8.75def 

 Diller 65.71(54.60)de 22.40abc 8.24gh 086bcde 32.72defg 9.60def 

 Star Ruby 81.57(70.27)bcd 18.20efg 8.0gh 0.85cde 30.57fg 7.65ef 

Source: Research Article MICRO BUDDING OF INDIGENOUS & EXOTIC CITRUS CULTIVARS: A BOON TO 
INDIAN FARMERS TO SHORTEN THE CITRUS NURSERY PHASE Vijayakumari N Central Citrus Research 

Institute (CCRI), Amravati Road, Nagpur – 440010, Maharashtra, India. 

In Vitro Micrografting Using Three Diverse Indigenous Rootstocks for the Production of Citrus 
Tristeza Virus-Free Plants of Khasi Mandarin 

The present work reports the prospective applicability of three indigenous rootstocks belonging to different 
species viz. Nemutenga, Tayum and Tasi cultivars of north eastern Himalayan region for producing Citrus 
tristeza virus (CTV; a viral species of the Closterovirus genus) free quality planting materials of Khasi mandarin 
(Citrus reticulata Blanco) through micrografting or shoot-tip grafting (STG). The development of disease-free 
plants through STG is essential as CTV is in vivo transmissible through infected bud sticks. The technique of STG 
along with the diverse culture parameters like effect of sucrose, plant growth regulators, pre-treatment of scion 
and stock, effect of scion size after thermotherapy and grafting method was analysed. Among the three 
indigenous tested rootstocks, Nemutenga was found superior showing maximum STG success of 58.5%. STGs 
using scion size ranging from 0.3 to 0.5 mm, survival was up to 42.0% and completely virus-free. Pre-treatment 
of scion and stock with kinetin (1.0 mg L−1) was found more suitable than N6-benzylaminopurine (BAP) and 
further increased the rate of micrografts. For further growth of micrografts, Murashige and Skoog medium 
fortified with 0.5 mg L−1 BAP and 0.1 mg L−1 indole-3-acetic acid (IAA) along with 5% sucrose resulted in 
maximum (56.8%) response. Considering the two techniques applied for STG, cleft grafting was found more 
suitable than inverted T grafting. Viral assessment with enzyme-linked immunosorbent assay (ELISA) and 
reverse transcriptase polymerase chain reaction (RT-PCR) revealed negative results for all plants from 0.3 to 
0.5 mm scion while 0.7-mm scion-raised micrografts showed 60% negative with RT-PCR for CTV. 

Nursery Practices to Raise Disease - Free Plants of Citrus 

Citrus trees are propagated by seed and by vegetative means.  Vegetative propagation is preferred because it 
ensures true to type plants, uniform quality, regular and early bearing etc. In most areas, a citrus tree is 
produced by budding the desired scion variety budded into the chosen seedling rootstocks.  
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In process of bud selection, it is required to ensure that clonal purity, good physiological vigour and yield 
potential are maintained and bud material should be free from transmissible diseases like viruses/GB. Seedlings 
are being used for limes and mandarin to a certain extent in North Eastern Hill Region and Coorg Region of India 
(Ghosh and Singh, 1993 ). 

 In case of lemons and sweet lime, air layering and even cutting are being employed for raising plants. Citrus is 
highly susceptible to both biotic and a biotic stress but virus and virus- like pathogens are the main biotic agents 
responsible for poor tree health and reduced yield ( Ahlawat and Pani, 1999 ). For growing healthy citrus trees, 
it is essential to have mandatory budwood certification programme. Unless the orchards are planted with 
disease-free nursery stock, none of the potential of the improved practices can be fully realized.  

NRC for Citrus, Nagpur has taken a mission-oriented programme on production of disease-free planting material 
of Nagpur mandarin, acid lime and sweet orange (Mosambi) by adopting the most advanced and internationally 
accepted techniques of nursery management duly standardized at the Centre (Singh et al.) The techniques 
adopted in production of disease-free planting material are briefed here (Singh, 1999). 

Budding and Maintenance of Budding 

Budding should be done in the season when bark would slip. The time of budding effects bud take (Table 1) and 
subsequent growth of plants. Mukherjee et al. (1966) observed that October was the best time for budding 
pineapple sweet orange on C. 40 jambhiri rootstock under Delhi condition. In Vidarbha region of Maharashtra 
budding is usually done in Nov- Jan when seedling attain the girth of 3.0 to 3.5cm at 9” height from ground level 
following the ‘T’ or shield budding method. The budded portion should be wrapped with 100 guage polythene 
strips of 1.2-1.8 cm wide. 

Table 1 : Best time of budding of citrus in different part of country: 

Scion/rootstock Best time Place Reference 

Sweet oranges    

Pineapple/ C. jambhiri October Delhi Mukherjee et al.(1966) 

Mosambi / C. Karra February Allahabad (UP)  

Jaffa/ Jatti Feb-March or Sep- 
October 

Ludhiana (Punjab) Srivastava and Arya 
(1969) Nijjar (1980) 

Katti Malta/ C. karna February and September Udaipur 
(Rajasthan) 

Sen and Kapadia (1984) 

Mandarins     

Kinnow/ C. jambhiri  May  Palampur   bt(HP)  Joolka (1986)  

Nagpur/ C.jambhiri and 
C.limonia  

Mid - December  Akola 
(Maharashtra)  

Rakhonde and Tayde 
(1987)  

Sangtra/ C. karna February and September Udaipur 
(Rajasthan) 

Sen and Kapadia (1984) 

General Recommendation of Planting Material for Some Important Spp. of Citrus 

Institute Name  NRCC, Nagpur Name of the Crop 

Mandarin  Citrus reticulata 

Information regarding mother plants  Healthy, high yielding with good fruit quality 

Information regarding mother plants Healthy, high yielding with good fruit quality 

Method of propagation  Vegetative  

Vegetative propagation  Budding  

Scion preparation  

Age of the scion  5 to 6 months  

Preparation of scion shoots/buds   
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Diameter of scion  5 to 6 cm 

Name of the rootstock  Rough lemon/ Rangpur lime 

Age of the rootstock  11 to 12 months 

Diameter of the rootstock 6 to 8 mm 

Rootstock propagation By Seed 

Standards of the planting material  

Height of the plant  : 40 to 60 cm 

Height and condition of union  9” above ground/ soil surface and smooth union 

Scion/ rootstock diameter at the union 5 to 6 cm and 6 to 8 cm 

Growth of the plant  Vigorous 

Condition of the earth ball  In polythene bag intact and moist 

Sweet Orange  

Name of the crop  Sweet Orange 

Botanical Name  Citrus sinensis 

Information regarding mother  plants Healthy, high yielding with good fruit quality 

Method of propagation  Vegetative 

Vegetative propagation  Budding 

Scion preparation  Age of the scion shoots : 5 to 6 months 

 Preparation of scion shoots/buds  

 Diameter of scion : 5 to 6 cm 

Rootstock preparation Name of the rootstock : Rangpur lime/ Rough lemon  

 Age of the rootstock : 11 to 12  

 months Diameter of the rootstock : 6 to 8 mm 

Rootstock propagation Seed  

Standards of the planting material Height of the plant : 40 to 60 cm  

 Height and condition of union : 9” above ground/ 
soil surface and smooth union  

 Scion/ rootstock diameter at the union : 5 to 6 cm 
and 6 to 8 cm  

 Growth of the plant : Vigorous  

 Condition of the earth ball : In polythene bag intact 
and moist 

Acid Lime  

Name of the crop  Acid lime 

Botanical Name  Citrus aurantifolia  

Information regarding mother  Healthy, high yielding with good fruit quality 

Method of propagation  Seed  

Seed propagation   

Germination %  85-90 % 

Seed storage  Use fresh seed 

Seed treatment  Treat the seed with Bavistin before sowing 

Standards of the planting material  

Height of the plant  45 cm to 60 cm  

Growth of the plant  Vigorous  

Condition of the earth ball  Intact & moist 
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Precautions in Raising and Maintenance of Quality Plants 

1. Primary nursery in raised containers and seedling trays kept about 1.5-2.0’ above the ground level. 
2. Sterilized potting mixture should be used. 
3. Seedlings selection - hook-necked, too tall or dwarf, yellow and mottled and weak seedlings should not be 
used for secondary nursery. 
4. Bud wood from elite mother plants and non-bearing shoot. 
5. Budding should be done at least at 9” height. 
6. Sterilized knife with alcohol or sodium hypo chlorite should be used and it should regularly wash with surface 
disinfectant. 
7. Nursery implements should be disinfected regularly with sodium hypochloride or bleach solution and at the 
entry of nursery, the arrangement must be made to disinfect the nursery floor, shoes of workers and visitors 
with copper sulphate and lime dust. 
8. Prophylactic measures taken against pest and diseases before transplanting in secondary nursery. 
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Introduction 

It is a globally accepted fact that soil carbon and nitrogen dynamics are at the core of interlinked environmental 
problems like soil quality deterioration and climate change. Drastic alterations in soil carbon (C) dynamics under 
changing climatic conditions have been primarily attributed to variations in soil nitrogen availability, increased 
atmospheric CO2 (carbon di-oxide) concentrations, elevated tropospheric O3 (ozone) levels, plant types, change 
in soil microbial diversity, and different climatic extremes. 

The below-ground root systems, soil microbial activities, and root-derived carbon products are the key factors 
for the rhizospheric carbon and nitrogen dynamics besides reserve soil organic carbon pools, which are 
considered as prime indicator of soil quality. Excluding the content of carbon in coals, minerals, and plant litters, 
organic carbon in the upper 100 cm was found to be 2157 Pg to 2293 Pg and still decreasing at an exponential 
rate with time; while 130 Pg to 140 Pg soil N (nitrogen) was estimated globally (Batjes, 2014). 

The dynamic relation between C and N in soil is maintained by balance between gains (plant litterfall, wet and 
dry precipitation, atmospheric C and N sequestration by plants and soil microbes etc.) and losses (release of 
CO2, CH4, NH3, N2, N2O, NOx gases etc. from soil). The C/N ratio of soil organic matter can act as a good indicator 
for monitoring continuous soil C and N balances. Being most intensive in 21st century, agriculture has been 
seemed to contribute substantial changes in upper soil organic C and N contents that have deteriorated soil 
health. 

However, negligible changes of carbonate-C were mentioned by many researchers. In report, provided by IPCC, 
(2014), agriculture was recorded to provide 13.4% global climate change. Greenhouse effect in the earth’s 
atmosphere also has triggered these changes, drawing attention to soil health and future agriculture. 

Major Climate Change Associated Factors Affecting Soil Organic C and N Dynamics 

1. Elevated atmospheric CO2: According to NOAA, global atmospheric CO2 concentration was 407.4±0.1 ppm 
and increasing at the rate of 2.11 ppm per year (Blunden and Arndt, 2019). High CO2 concentration in 
atmosphere causes increase in photosynthesis which in turn increases net primary productivity on terrestrial 
ecosystems, also known as CO2-fertilization which resulted in higher C/N ratio in plant litters that poses “priming 
effect” on litter decomposition as well as N immobilization. Exposure to elevated CO2 increases build-up of 
microbial biomass carbon and soil enzyme activity due to exudation of greater carbon rich compounds as well 
as greater organic nitrogen mineralization in soil (Langley et. al., 2009). 

2. Increased global temperature: According to IPCC, due to global warming, mean air temperature had 
increased by 0.85 °C of the base temperature; whereas land and ocean temperature had an increasing rate of 
0.07°C per decade up to 2019 (Balmer et. al., 2019; Toros et. al., 2019). Increased temperature can increase any 
bio-chemical reaction rates within a given temperature range. Thus, warming effect had altered various soil 
biogeochemical processes directly and indirectly through increasing active soil organic carbon pool, higher soil 
nitrogen mineralization, and decreasing recalcitrant organic carbon pool (Bork et. al., 2019). 

3. Effect of elevated tropospheric O2: Ozone, being an oxidant, is a phytotoxic pollutant in troposphere. 
Tropospheric O3 decreases photosynthesis and below-ground carbon translocation by affecting plant cellular 
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membrane (cell membranes of nucleus, chloroplasts, mitochondria etc.) via oxidative damage and consequently 
reduces dry matter production. These decrease easily mineralizable carbon and microbial biomass carbon 
through disruption of microbial metabolism (Islam et. al., 2000). Physiological changes in roots in response to 
elevated ozone can lead to significant alterations in below ground soil processes, nutrient cycling, and microbial 
activities. 

4. Effects of climatic extremes: Climatic extremes are the value of occurrence of a climate variable above or 
below the threshold value at any particular point of time or for an extended period of time. Extreme climatic 
variables include flood, drought, frost, cyclone, change in global precipitation patterns etc. Biological systems 
are more sensitive to climate extremes due to greater response strengths within shorter period. 

Drought can reduce microbial growth, increase microbial mortality, and shifts in active microbial community 
composition which in turn retards soil C and N dynamics. Since, drought periods often coincide with heat waves, 
understanding of water and temperature interactions on soil C and N cycling is crucial. Furthermore, rewetting 
of dried soil (due to changes in global precipitation pattern) enhances higher CO2 fluxes from soil and induces 
acceleration in organic carbon mineralization that also enhances gaseous N-fluxes (N2O, NH3, NO2 etc.) from 
soil. This phenomenon is also known as “birch effect” (Birch, 1964). 

5. Change in plant and soil biodiversity: Changes in climatic conditions also changes soil organic C and N 
dynamics through indirect modification of above ground plant types as well as below ground microbial 
distributions. Change in temperature, precipitation, tropospheric O3 levels, and increased concentration of CO2 
in atmosphere has modified the plant and microbial genetic diversity, their spatial distribution pattern, and 
plant phenology over time. 

Though vulnerability of C3 plants causes shift in dominance of C4 in large areas due to higher photosynthetic 
CO2 fixation rates. This results in higher C/N ratio in plant litters as well as in below ground root biomass and 
during decomposition, these organic materials trigger r-strategists (fast decomposers) over k-strategists 
(constant decomposers). Soil bacteria are the dominant r-strategists among soil microbial decomposers. 

Conclusion 

Therefore, various effects of climate change have been found to dramatically alter soil carbon and nitrogen 
dynamics, which is an alarming condition in this present era. Intensive cultivation practices to meet the food 
demand of explosive global population had also altered the balance. Further, global wildfires have aggravated 
the current scenario. 

Steps like afforestation, reduction in industrial carbon emission, site specific nutrient management of crops, soil 
conservation practices, and precision agriculture can not only manage the soil health in respect to organic 
carbon and nitrogen, but also can stabilize the climate change for long run. In case of agricultural soils, it is 
recommended to add organic matter (via compost and farm yard manure), crop residues, and beneficial 
microbial consortium in combination with synthetic agro-chemicals to sustain the crop production without 
losses of soil organic carbon and nitrogen. 

Legume incorporation in yearly crop rotation is found useful in this aspect because of its lower C/N ratio, faster 
decomposition rate, substantial organic matter addition in soil, and fixation of atmospheric N2 in roots, making 
nitrogen rich soil economy (Paul et. al., 2019). Moreover, government rules and guidelines should prioritize the 
residue incorporation in soil than burning. 
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Introduction 

A crucial indigenous breed of poultry reared by tribal communities found in area of Jhabua and Dhar districts of 
M.P. Kadaknath breed, also referred to as Kalamashi is extremely famous for its black-collared meat. the 
foremost peculiar characteristic of this breed is that the majority of the interior organs show intense black 
coloration which is thanks to deposition of melanin pigment within the animal tissue of organs and within the 
dermis. Eggs are of sunshine brown in colour. The looks of their meat are unattractive but it's delicious flavour 
(Panda and Mahapatra, 1989). This breed is usually reared thanks to its adaptability to the local environment. 
Brownish to black with irregular dark stripes over the rear are the characteristic colour pattern to spot day old 
chicks. Plumage varies from silver or gold to bluish black and beak, skin, toes, shanks and soles of feet are slat 
like. Colour of comb, wattle, and tongue are purple. High percentage (25.47%) of protein is found in the meat 
of this breed and is believed to possess aphrodisiac properties (Mohan et al., 2008). 

Origin and Habitat 

A crucial indigenous breed of poultry found within the areas of Western Madhya Pradesh mainly the Jhabua 
and Dhar Districts and adjoining areas of Gujarat and Rajasthan. The tribes (Bhils, Bhillalas and others) mostly 
reared this poultry bird. Compared with other exotic breeds of fowl this breed is resistant to diseases. Kadaknath 
perches on bushes, lentils, tree tops and branches. Kadaknath birds may survive under adverse environments 
like poor housing, poor management and poor feeding and are having good immune power to cope with 
extreme climate like summer heat and cold winter stress. 

Breed Description & its Characteristics 

The specialty of the breed is that the flesh and internal organs of this chicken are black in colour. So, it's also 
called as Black Meat Chicken (BMC). The black colour of muscles and tissues is thanks to the deposition of 
melanin pigment, a genetic condition called "Fibromelanosis" (Saxena 2019). Jet black, Pencilled and Golden 
Kadaknath are the three different coloured feathers of kadaknath breed. The coal black adult males and females 
are black in colour, the Golden man and females were basically black in colour with Golden feathers on head 
and neck, whereas in Pencilled variety man and feminine plumage was black with white feathers on neck. All 
the three sorts of Kadaknath breed exhibit intense black colouration. Average male weight 1700gm and 1300gm 
female. Egg and meat are of excellent source of protein and Fe. 

Parameter Detail 

Meat Black colour 

Plumage Blue black 

Internal Organs Black hued 

Body weight at 20 wks 920 gm 

Body weight of adult cockerel 1.5-2 kg 

Body weight of adult hen 1-1.5 kg 

Sexual maturity 180 days 

Average annual egg production 105 egg 

Weight at 40 weeks 49 gm 

Fertility (%) 55 % 
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Hatchability (%) 52 % 

(Source: GI Journal No. 104 March 2018) 

Nutritional Qualities and Medicinal Value 

High percentage (25.47%) of protein. Rich in vitamins B1, B2, B6, B12, C , E and niacin. Lower fat content of only 
0.73-1.03%. contains 18 amino acids of which, eight are essential for the physical body. Black meat is 
additionally considered healthier because it contains 24% linolic acid, as against the 21% in white chicken. 
Furthermore, the cholesterol content in Kadaknath is merely 184.75 mg/100 gm Higher degree of insaturation 
in terms of linolic acid, which possibly postpone the hazard of athero-sclerosis. 

Conclusion 

The bird found within the Western Madhya Pradesh mainly the Jhabua and Dhar Districts and adjoining areas 
of Gujarat and Rajasthan. Meat quality superior to broilers and having nutrional and medicinal value. Presence 
of melanin pigment in skin meat and bones reduces its acceptance to the consumers. planned marketing 
channel would help farmers to urge additional income and employment through kadaknath farming in India. 
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Introduction 

Research on any kind of media helps to enhance the media participation of the people. This media participation 
helps to accelerate the modernization of the people and it not only gives the benefits to users, but also the 
media personalities like media managers, advertisers, sponsors of various programs, and various other sections 
of the people attached with the business of media management. Here, our main focus is on research on print 
media as it plays important role for the development of the country. 

Meaning of Print Media Research 

Basically, this term is made up from two different terminologies: 
1. Print Media: According to Oxford Reference (2020), it can be defined as the print-based media where any 
written or pictorial form of communication produced mechanically or electronically using printing, 
photocopying, or digital methods from which multiple copies can be made through automated processes. 

2. Research: In simple words, we can say that research means search for knowledge. 
On the basis of above mentioned two terms, we can simply understand the print media research as, the research 
activities carried out on print media with a view to enhance the participation of the people and through which 
development of them as well as those who directly or indirectly associate with print media. 

Print Media Research 

According to Wimmer and Dominick (2000), print media research can be conducted through six basic types of 
the research study as below: 
1. Readership Research: This research simply deals with the number of people who regularly read a particular 
newspaper, magazine, etc. It helps to maintain and improve the circulation rates. In this kind of research, mainly 
five studies are carried out as: 

a. Study of profile of readers: It provides demographic summary of the readers of a particular 
publication. Various kinds of personal as well as psychological parameters of readers are studied. 
b. Item selection studies: It mainly deals with a specific news article or a specific content category, which 
is then related to certain demographic or psychographic characteristic.  For item selection of various 
topics can be carried out through five-point rating scale. 
c. Reader- Non-reader studies: It mainly deals with study about those who are reader and those who 
are not. If once they are identified, then various characteristics and reasons behind their reading 
behaviour, attitudes and motivations can be studied. 
d. Uses & gratification studies: It mainly deals with the study of personnel or psychological rewards of 
reading various printed materials by their readers.  
e. Editor- Reader comparisons:  This kind of study helps to identify the difference in perceptions 
between the editor and readers about the nature of content, number of pictures, number of 
advertisements, presentation etc. of the printed materials.  

2. Circulation Research: This research provides information about the pattern of newspaper readership, ranking 
of leading newspapers and the pattern of future preference.  
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3. Management Research: Major topics study under this kind of research are goal setting by management, job 
satisfaction of employees, effects of competition and ownership on content and quality of newspapers, 
magazines etc.  

4. Typography and makeup Research: This type of research mainly deals with typeface and page makeup that 
effects on readership, reader preferences and comprehension. In this approach researcher can test the effect 
of different typography and makeup elements, including space, paragraph, headlines, size and style of type, 
column width, and vertical and horizontal page makeup. 

5. Readability Research: This type of research mainly deals with study of how far the content readable for 
readers. In general, takes into consideration several factors such as- average sentence length in words, 
percentage of simple sentences and strong verb forms, portion of familiar words, portion of abstract words and 
long words.  

6. The internet and print media Research: Now a days, so many newspapers and magazines are available in 
both printed and the internet editions. User’s preference for the internet versions, demographic characteristics 
of such users, effect on the utilization of other media, management’s point of view about on-line etc. are some 
areas of research. 

Conclusion 

On the basis of above-mentioned information, one can understand clear cut meaning of print media research. 
Brief information about various types of print media research will enlighten the path of future researchers who 
willing to do their research work on related topics. 
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“Agriculture is not something we can stall temporarily, 
No matter what happen to the world, it has to go on.” 

- R. Jaganathan 

Nowadays, we are witnessing a great devastation due to Corona virus. Otherwise known as Covid-19 – Corona 
Virus Disease – 2019 and Novel Corona virus, it has affected almost each and every country of the world. There 
is a great havoc in every nook and corner, may that be a microenterprise or a giant corporate firm, industrialists 
or workers, government or private organizations, employees of public sector or private sector, labourers or 
vendors. People everywhere are finding it difficult to make ends meet. Due to which, the economy has taken a 
turn for the worse. 

 

India is also experiencing an economic shock which is very severe. India has always been an Agrarian country as 
a huge part of the population, directly or indirectly, depends on agriculture. Despite of the presence of more 
than sixty per cent of workforce, the share of agriculture in total national income is declining gradually but 
continuously after independence. Today, after seventy-three years of independence, we are aspiring to be a 
‘super power’. But all these dreams will remain mere dreams without ‘food’, which can be produced by 
‘agriculture’ only. 

Our country, the economy of our country, economic development and our basic needs, everything depends on 
agriculture, making agriculture the backbone of our country. Due to the pandemic Covid-19, agricultural sector 
is facing a lot of hardships. The only sector that feeds a population of 1.3 billion is finding it difficult to fulfil its 
own needs. The farm workforce and labourers are left with the only option to migrate to their native villages 
from the urban workplace. Due to which, farmers, who fill everyone’s stomachs, are unable to fill their own 
stomachs. 
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Moreover, the movement of transport vehicles is very limited, owing to lockdown, due to which the marketing 
and selling of produced goods is restricted. The absence of labourers results in a great delay, if not a complete 
halt, of farm activities.  

The wages have exponentially increased due to availability of a sparse workforce, which has to be incurred by 
the farmer himself. Due to poor finances, a farmer has to face physical as well as social challenges and go 
through mental stress. Sometimes, he is even forced to put an end to his own life, resulting in upheaval in his 
family and enormous increase in their struggles. 

In the current situation, the harvest of Rabi crops like wheat, paddy, mustard, chick-pea, lentils, etc. has suffered 
a lot. The production of the king of fruits and our national fruit – mango is also abundant, but its transport and 
export are difficult due to lockdown, which renders the fruits unfit for marketing and consumption. 

Even the packaging of mango fruits into boxes has become a cumbersome job for the farmers because of the 
deprivation of the labour. The marketing yards were shut down, which led to either the lack of proper supply 
chain management, loss of the produce or decreased prices of the commodities. Groundnut, which is the major 
crop of our region, had already reached the marketing yards but they were spoilt and left unfit for consumption 
owing to rains. According to an estimate, seventy-five per cent of the crops produced in Rabi season have not 
been sold and if these goods are not marketed timely, farmers are bound to face undesirable consequences. 

The locust attack has also added to the reasons that make the farmers anxious. Obviously, the attack of locusts 
is not at all due to Covid-19. But as per an article of a leading local newspaper, the Locust Control Organization, 
Bikaner had forecasted the attack and informed the Government, not once but twice. As the Government was 
so pre-occupied in controlling the pandemic, the preventive measures for locust attack were not taken timely 
and the standing crops became food of the locusts. At last, farmers had to bear the brunt of it. 

Covid-19 has not only hampered the production and marketing of goods, but also the export of the 
commodities. The export of cumin is estimated to decline by thirty per cent for the year 2020-2021. According 
to Spice Board, the export of cumin was 1.67 lakh tonnes from India between April-2019 to December-2019 and 
there will be a steep fall in the export of crops of the new season. 

The demand of the goods has also gone down during lockdown between March and May, which coincides with 
the arriving season of cumin in the markets. Countries like China, Vietnam, Bangladesh, America, Egypt, 
Pakistan, Saudi Arabia, Sri Lanka, Nepal, Brazil, Malaysia and Peru, in spite of being prime importers of cumin 
from India, have refrained from buying and importing the commodity, leading to not only the down fall in export 
rate, but also the huge losses to the farmers. Experts say that the price of cumin, which is Rs. 13,600 per quintal, 
might fall to almost Rs. 12,000 per quintal.  

One cannot separate agricultural education from agriculture. The agricultural education has suffered as much 
as the agricultural sector, if not more. The students are forced to study from home and learn virtually via videos 
and online classes. Agriculture is a subject that requires lesser theoretical knowledge and more practical know-
hows. One cannot learn practical farm operations and other things simply from videos. The hands-on experience 
is the heart of agricultural education and is of utmost importance. The Agricultural Universities are working 
tirelessly day and night, round the clock to help the students know, learn and understand better, but it is a little 
challenging for the students to get practical knowledge without actually performing the practical. 

Amidst the crisis of the pandemic of Covid-19, there’s a reason for the farmers to breathe a sigh of relief as the 
monsoon rains are expected to be normal and timely. But the farmers are facing a dilemma – whether to choose 
groundnut over cotton or vice versa. In Gujarat, mostly groundnut and cotton are sown in Kharif season. In the 
current year, the farmers did not get proper prices for cotton crop. India’s Meteorological Department has 
forecasted that monsoon might be normal.  

The monsoon rains were predicted to commence in Kerala from June, which has proved to be right. The 
monsoon rains will be cent per cent and will last a week longer than usual, says an expert. This news will give 
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the farmers a chance to rejoice, be hopeful and expect that things might change for better in the agricultural 
sector. 

 

As specified by the Government of India’s scheme – ‘Aatmanirbhar Bharat Yojana’, a budget of Rs. 1,62,843 has 
been sanctioned for agriculture, animal husbandry, fisheries and apiculture. Rupees one lakh crore for 
infrastructural facilities for agriculture and in near future, post-harvest management infrastructure facilities for 
farmers are to be allotted. 

Modifications in the Essential Commodity Act are to be made which will help the farmers get better prices for 
their produce. Inclusion of all types of fruits and vegetables in ‘Operation Green’ and provision of fifty per cent 
subsidy for transportation, cold storage and other storages will be beneficial for the farmers. 25 million farmers 
will be given a credit worth Rs. 2 lakhs while using Kisaan Credit Card. 

Agricultural and term loans was granted a standstill of three months by banking institutes with three per cent 
concession on the interest rate of crop loans up to Rs. 3,00,000 for burrowers with good repayment behaviour. 
There is also an announcement about the release of Rs. 2000 each in the accounts of farmers as an income 
support under PM-KISAN scheme. NABARD has also fabricated an instant fund of Rs. 30,000 crores for the 
farmers which will further be helpful for the farmers. 
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We have understood the importance of doctors, healthcare workers, policemen and cleanliness staff amidst 
this Covid-19 pandemic and rightly felicitated them with the title of “Corona Warriors”. It is high time now, that 
we realise that majority of the essential commodities available in the lockdown and the items that we were able 
to acquire only after standing in long queues for hours were agricultural produce. Hence, the ones who feeds 
all of us, including the corona warriors and the corona victims, are the “FARMERS” who are and will always be 
the “UNSUNG HEROES” and the “REAL WARRIORS” forever and always. 
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Introduction 

Rice-wheat is predominant cropping system in Punjab. These crops are producing CR (Crop Residue) of 51 mt in 
Punjab. The paddy produced CR as estimated of 22.9 mt and wheat about 23.1 mt and reported about 95% of 
paddy straw and 23% of wheat straw is burnt in the fields. The major reasons for the burning of residues are 
lack of buyers for power generation or other purposes, little time for planting succeeding crop, lack of labour 
and financial assistance from government. 

The management of crop residue in crops and livestock has the considerable importance to supply the large 
amount of nutrients to soil in rice growing areas, both are benefited through resource interdependences. The 
farmers are benefited from management of rice straw by improving soil properties as soil health, water contents 
and reducing the use of fertilizers and irrigation water for the planting of next crop. Ultimately, increasing the 
productivity of succeeding crop and annual income of the farmers significantly. Rice straw are poor cattle feed 
due to higher content of silica in rice so its straw management is great challenge. 

In Situ Crop Residue Management 

The Central Sector Scheme on ‘Promotion of agricultural mechanization for In-Situ management of crop residue 
in the states of Punjab, Haryana, Uttar Pradesh and National capital territory of Delhi’ has been launched for 
the period from 2018-19 to 2019-20. 

The scheme aims to address the problem of air pollution (caused due to stubble burning in the areas of Punjab, 
Haryana, Uttar Pradesh and National capital territory of Delhi) by subsidizing the machinery required for in-situ 
management of crop residue. 

Objectives 

1. Reducing the air pollution and preventing loss of nutrients and soil microorganisms caused by burning of crop 
residue. 
2. Promoting in-situ management of crop residue through the use of appropriate mechanization inputs. 
3. Promoting Farm Machinery Banks (FMB) or Custom Hiring Centres (CHC) for custom hiring of in-situ crop 
residue management machinery to offset the adverse economics of scale arising due to small landholding and 
high cost of individual ownership. 
4. Creating awareness among stakeholders through: 

a. Demonstration of crop residue management methods. 
b. Capacity building activities. 
c. Education and communication strategies for effective utilization and management of crop residue. 

Need 

1. Stubble burning releases particulate matter, CO, CO2, SO2, ash and these gases adversely affect the human 
health due to general degradation of air quality resulting in aggravation of eye and skin diseases. 
2. Stubble burning results not only into loss of nutrients from soil but also alters soil properties like soil 
temperature, pH, moisture, available phosphorus and soil organic matter. 
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Adverse Effects of Crop Residue Burning 

1. Loss of nutrients: It is estimated that the burning of one tonne of rice straw accounts for the loss of 5.5 kg 
Nitrogen, 2.3 kg phosphorus, 25 kg potassium and 1.2 kg sulphur. Generally, crop residues of different crops 
contain 80% of Nitrogen (N), 25% of Phosphorus (P), 50% of Sulphur (S) and 20% of Potassium (K).  

2. Impact on soil properties: Heat from burning residues elevates soil temperature causing the death of 
beneficial soil organisms. Frequent residue burning leads to complete loss of microbial population. 

3. Emission of greenhouse and other gases: Crop residues burning is a potential source of Green House Gases 
(GHGs) and other chemically and radiated important trace gases and aerosols such as CH4, CO, N2O, NOX, and 
other hydrocarbons. 

Case Studies 

1. In our study the total production of the crop residues (CR) in Punjab state estimated by crop-to-residue ratio 
(CRR) method came out to be about 50.67 million tonnes during 2013–14. Sangrur district had maximum 
contribution of 9.52 % to the CR while it was the lowest being 0.92 per cent for Pathankot. Of the CR, about 71 
% is mostly used for domestic purposes. Power generation potential from surplus crop residue came out to be 
about 1194 megawatt per year in the state and main crop residue potential districts were Sangrur (9.69 %), 
Ludhiana (8.19 %), Bathinda (7.73 %), Patiala (7.07 %) and Ferozpur (6.04 %). Among various efforts made by 
Punjab government to protect environment from pollution, one of the major steps is to stop crop residue 
burning as still Punjab is not free from this problem. If the residue from the crops is managed scientifically and 
used as a conventional source of energy it will go a long way to save the fossil fuel, coal, wood, precious foreign 
exchange, create additional employment, Besides, this will also add to the income of farmers from the by-
product generated. Therefore, there is need to create awareness among the farmers about the efficient 
utilisation of the crop residue. 

2. Although, the crop stubbles can be used in many ways, at the moment paddy stubble has turned out to be a 
problem in north-western India, especially Haryana. Therefore, this study tried to access the scale of stubble 
burning, discover underlying causes, the existing condition of different in situ as well as ex situ utilization and 
management practices. The reasons for lower adoption of management techniques, mapping stubble trade and 
eventually look for the solution from the perspective of all the participants. Findings of the study revealed that 
despite under estimation of burning area and recorded minor decline, the area burnt over the last 5 years still 
covered a quarter of the total cultivated space. Majority i.e., more than 8 % of the paddy fields that were 
harvested mechanically underwent stubble burning regardless of the variety cultivated or size of the farm. This 
problem originated primarily due to: 

a. Shrinking supply of agricultural labour coupled with their increased harvesting charges made combine 
harvesting comparatively more cost-effective. 
b. Inherent limitations of the prevailing combine harvesting technology, etc. Obligated by these factors, 
the majority of the respondents opt to in situ stubble burning. The institutional solution tackled this 
problem from a single side only, i.e., in situ management. Whereas, farmers and experts voiced for the 
need for a mix of management options to be put at their disposal. 

3. Crop residue is a non-edible part of plants which is usually left after harvesting of crops by farmers. The 
management of crop residue is a new problem these days as 0.5 billion tonnes of crop residues are being 
generated in India per year. Also, farmers burn the stubbles of cereals and other crop residues in the fields itself 
in NCR region of Delhi state, which creates air pollution and deteriorates the air quality, reaching at critical 
condition in the winter season. The present case study has been done in order to evaluate the options and to 
discuss the problem of agricultural waste management of villages located in Najafgarh Block South-West 
District, Delhi. The data collection for the same has been carried out by conducting a field survey with 
questionnaire. It has been observed that both manual and mechanical methods are being practised in 
harvesting of crops. Due to mechanical intervention in harvesting of such crops leads to huge number of 
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stubbles and straws in agricultural land poses problems for succeeding crops. However, in selected sites the 
maximum crop residue of 4.6, 2.6 and 5.5 tonnes per hectare has been observed in wheat, mustard and rice 
crops respectively. Also, the farmers utilize the crop residues by selling it in the market while other farmers 
utilize it in tilling with land and others use it as compost. 
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Introduction 

Micro-greens are referred to as "functional foods" or "vegetable confetti". 

Steve Whiteman invented "Steve's Famous Micro-Green Salad Mix" for the first time. That was 20 years ago, 
and he has been working to perfect his salad mix ever since. 

Microgreens began showing up on chefs' menus in the early 1980s in San Francisco and steadily gained 
popularity. Few varieties were initially offered; such as arugula, basil, beets, kale, cilantro and, a colourful 
mixture called "Rainbow Mix". These aromatic greens, also known as "micro herbs" or "vegetable confetti", are 
rich in flavour and add a welcome splash of colour to many dishes. Microgreens are vegetable greens that are 
1-2 inches tall. 

 

Microgreens have Three Basic Parts 

A central stem, cotyledon leaf, and young true leaves. 

 

Difference Between Microgreens and Sprouts 

  
Sprouts Microgreens 
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If a seed is an embryo, Sprouts are 'babies' and  Microgreens are the next stage in a plant's development, kind 
of 'toddlers' in the plant world. Microgreens are grown in soil with leaves and stems as edible parts. Sprouts 
germinate in water with "stem" and seed as edible parts. 

Are Microgreens Healthier than Sprouts? 

Sprouts as compared to microgreens show more fungal attacks and sticky nature due to oversoaking, where 
this case is not observed with microgreens as they are grown above the soil surface and toddlers are used for 
consumption purposes. Sprouts are less nutritious than microgreens with less fibre content too. 

Are Microgreens Superfood? 

Scientists see microgreens as a functional food that can virtually provide key nutrients. Despite their small size, 
they pack a nutritional punch, often containing higher nutrient levels than more mature vegetable greens. 

Why should we Grow Microgreens at Home? 

Microgreens are ideal if anyone is struggling with space and time for a garden but want to start eating healthy. 
Also, easy to grow, loaded with nutritious and flavours, free from pesticides, and quickly harvested. 

Crops Suitable for the Production of Microgreens 

Cauliflower, carrot, fennel, celery, broccoli, cabbage, radish, arugula, lettuce, endive, chicory, dill, garlic, onion, 
leek, amaranth, beet, spinach, melon, cucumber, and squash. 

Nutrition Qualities and Health Benefits of Microgreens 

1. Microgreens are rich in potassium, iron, zinc, magnesium, and copper. They often contain higher vitamin, 
mineral, and antioxidant levels than the same quantity of mature greens. 
2. The research comparing microgreens to mature greens reported that microgreens contain nine times higher 
amounts of polyphenols and antioxidants. 
3. In the USDA National Nutrient Database, the observation of a study with 25 commercially available 
microgreens has shown more vitamins and antioxidants concentration than mature parts. 
4. Microgreens are a rich source of polyphenols and antioxidants, which may lower triglyceride and "bad" LDL 
cholesterol levels which lower the risk of heart disease and Alzheimer's disease. 
5. Microgreens help to reduce diabetes by preventing the sugars from properly entering cells and may lower 
the risk of various types of cancer. 

Step-by-Step Procedure to Grow Microgreens 

1. Requirements: Potting material, seeds, pots, water, and light source (3-4 hrs). 

2. Procedure: 
a. Filling the tray/container with soil or vermicompost or homemade compost, 3-4 inches soil height 
should be good enough. 
b. Later, Microgreen seeds are to be spread on the soil surface with hand sprinkling. 
c. Now cover the seeds with a very thin layer of soil. 
d. Lightly moist the seeds with water and cover them with plastic material. Then keep the container 
under room temperature for proper germination up to 2-3 days. 
e. After sprouting of seeds remove the plastic material and keep them under proper sunlight for 3-4 hrs. 
f. Regular watering is done. After 7 days plants show true leaves. 
g. Plants are harvested when they attain 2-3 inches in height. 
h. Take a pair of scissors or a sharp knife and cut Microgreens, holding them vertically, from over the 
roots, wash them properly for regular consumption with salads and smoothies. 
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Seeds Containers Making holes at bottom of 

container 

   
Filling of containers Containers with compost or soil Spreading of seeds 

   
Container with seeds Covering of seeds with soil or 

compost 
Sprinkling of water 

   
Germination of seeds Seedlings of microgreens Harvesting of microgreens 

How to Include Microgreens into Our Daily Life? 

A handful of microgreens in a day can fulfil the requirement of nutrients, anti-oxidants, vitamins and minerals 
in our body. Microgreens are tasteful, can be blended with juices, smoothies, used in salads, soups and 
omelettes. 

Conclusion 

Changing food habits for proper nutrition has always been followed by humankind. In the present scenario 
consumption of microgreens would prove to be the best choice for the future prospects of high-value food 
habits for human beings and the best tool for "food alterations" in the era of "food adulterations". Because 
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when the diet is wrong, medicine is of " No Use" and when the diet is correct, medicine is of " No Need".  Hence, 
let food be medicine than medicine shall be the food. 
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“Wherever flaxseed becomes a regular food item among the people, there will be better health.” 

- Indian activist Mahatma Gandhi. 

Flaxseed or linseed, a seed of flax plant is one of the oldest crops that have been used for food and industrial 
fibre since the beginning of civilization. The Latin name of flaxseed is Linum usitatissimum, meaning “very 
useful”. It is characterized as flaxseed when used for human consumption and linseed when it is used in the 
industry. There are two varieties of flaxseed: brown and yellow or golden. These tiny seeds have been known 
for health-protective properties. It is used for prevention and treatment of several diseases such as 
cardiovascular, chronic, obesity disorder, cancer, etc. The diet has a profound effect on the health and 
appearance of diseases. The disease is not only treated through pharmacological therapy but with dietary 
interventions also. The growth of flaxseed has a significance in the field of health and medicine. 

Nutritional Composition 

Flaxseed is an important functional food ingredient because of its richness in α-linolenic acid (ALA), functional 
dietary fibre and high-quality protein. The whole flaxseed contains 30-41% fat, 20-35% dietary fibre, 20-30% 
protein, 4-8% moisture, 3-4% ash, and 1% simple sugars (Carter, 1993; Coskuner and Karababa, 2007). The 
chemical composition of nutrients present in flaxseed is given in Table 1.  

Flaxseeds are nutritionally rich in ω-3 fatty acid: α-linolenic acid (ALA), short-chain polyunsaturated fatty acids 
(PUFA), soluble and insoluble fibres, phytoestrogenic lignans (secoisolariciresinol diglycoside-SDG), proteins and 
an array of antioxidants. It is considered a superior source of n-3 fatty acids as compared to fish oil, soybean, 
corn, or marine algae. Moreover, the fiber content of flaxseed is beneficial for the intestinal function.  

Among all lipids in flaxseed (approximately 30%), 53% are ALA, 17% linoleic acid (LA), 19% oleic acid, 5% palmitic 
acid and 3% stearic acid, which provides an excellent n-6:n-3 fatty acid ratio of approximately 0.3:1 (Simopoulos, 
2002). The lipid fraction of flaxseed also contains a small proportion of vitamin E group derivatives (e.g., 
tocopherol and tocotrienol), sterols, and carotenoid pigments such as lutein (Daun et al., 2003). 

It also contains a considerable amount of essential amino acids required for the synthesis of protein that has an 
important role for maintenance and repair of cells, tissues and organs. Sweazea and Johnston (2019) have 
reported that two tablespoons of flaxseed (1 ounce or 28 g) are an excellent source of fibre and magnesium (≥ 
30% daily value) and a good source of protein (10% daily value). 

Table 1: Chemical composition of nutrients: 

Fatty acids g/100g of seed Amino 
acids 

g/100 g of proteins Minerals mg/ 100 g of 
flaxseed 

α-linolenic 
acid 

22.8 Glutamic 
acid 

19.6 Calcium 236 

Linoleic acid 5.9 Aspartic 
acid 

9.3 Magnesium 431 

Oliec acid 7.3 Arganine 9.2 Phosphorous 622 

Stearic acid 1.3 Glycine 5.8 Potassium 831 

Palmatic acid 2.1 Cysteine 1.1 Sodium 27 
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Vitamins mg/ 100 g of 
flaxseed 

Histidine 2.2 Zinc 4 

Isoleucine 4 Copper 1 

α -
tocopherol 

522 Leucine 5.8 Iron 5 

-tocopherol 7 Lysine 4 Manganese 3 

δ-tocopherol 10 Methionine 1.5 

Vitamin C 0.5 Proline 3.5 Dietary 
Fibres 

g/ 100 g of flaxseed 

Vitamin B1 0.5 Serine 4.5 

Vitamin B2 0.2 Threonine 3.6 Soluble 
Fibres 

4.3-8.6 

Niacin 3.2 Tryptophan 1.8 

Vitamin B6 0.6 Tyrosine 2.3 Insoluble 
Fibres 

12.8-17.1 

Panthothenic 
Acid 

0.6 Valine 4.6 

(Mercier et al., 2014; El-Beltagi et al., 2007) 

Health Benefits 

The consumption of flaxseed is associated with several potential health benefits. The oil rich in ALA is effective 
in reducing low-density lipoprotein (i.e., bad cholesterol) which is responsible for heart disease (Bekhita, 2018). 
Being rich in n-3 PUFAs, flaxseeds can retard the progression and accelerate the regression of atherosclerotic 
plaques (Parikh et al., 2019). Thus, it prevents the occurrence of cardiovascular disease. The studies have shown 
that increasing consumption of omega 3 fatty acids helps to regulate and reduce blood pressure in persons who 
are diagnosed with hypertension. 

ALA, an essential fatty acid (EFA) has an important role in growth and development, reproduction, vision, 
maintaining healthy skin, maintaining cell structure, the metabolism of cholesterol, and gene regulation. It is 
also linked to the amelioration of several chronic conditions including cardiovascular disease, certain cancers, 
rheumatoid arthritis, neurological and autoimmune disorders. 

The dietary fibre is beneficial in regulating body weight through both hunger suppression and diminished 
nutrient absorption (Kristensen et al., 2012). When mixed with water, the flaxseed fibre forms a gel which slows 
down the emptying of the stomach and lowering blood glucose levels. For glycemic control, the flaxseed 
consumption is associated with the decrease in risk of obesity and dyslipidemia as these are the risk factors for 
resistance to insulin and the development of diabetes. Cholesterol is also lowered as it is surrounded by the gel, 
results in inhibition of its absorption and excretion of more cholesterol. The incorporation of a flax dietary fibre 
significantly increased fat excretion and lowered total and LDL (low-density lipoprotein) cholesterol, with no 
effect on appetite (Kristensen et al., 2012).  

An antioxidant such as vitamin E protects cell constituents from the detrimental effects of free radicals that 
might contribute to the occurrence of cancer. It also blocks the formation of carcinogenic nitrosamines in the 
stomach from nitrites present in foods, thus, protect against cancer by enhancing immune function (Winter et 
al., 2013). It lowers the blood pressure through excretion of sodium in the urine and helps in reducing the risk 
of heart disease, some types of cancer and Alzheimer disease. 

Flaxseed contains a class of bioactive phenolic compounds comprising lignin, flavonoids and phenolic acids. 
Lignans play a significant role in preventing osteoporosis, cardiovascular diseases, and hormone-associated 
cancers such as those of the breast, endometrium and prostate, by interfering with sex hormone metabolism 
(Bernacchia et al., 2014). 

Conclusion 

Flaxseed is considered as a functional food as its nutritional composition offers an abundance of health benefits. 
Including flaxseed in the diet reduces the risk of CVD, diabetes, a certain type of cancers, arthritis, osteoporosis, 
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autoimmune and neurological disorders. These tiny seed loaded with nutrients prevent nutrition-related 
diseases and improve physical and mental wellbeing. 
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During the last few years genetic manipulations of microorganisms to improve their biological control 
potential against different plant pathogens have identified some very interesting results, which indicated 
that molecular biology tools can not only be used to unravel the mechanism behind biological control, but 
also to improve their biological control ability. These manipulations also enabled the identification of several 
genes playing their crucial roles in biological control. It is, however, important to remember that in m ost 
strains, the ability to control diseases will be explained by more than one mechanism, and the host for 
genetic modification has to be ecologically fit in the environment where the biocontrol is likely to be 
performed. However, genetic engineering approaches leads to regulatory issues and still not universally 
acceptable. Keeping this in view, induced mutation using radiation and/or chemical mutagens could be a 
safe area to explore the possibility of enhancing the biocontrol potential  of microbial bioagents. 

Trichoderma spp. are filamentous fungi commonly occurring in soil, on tree bark, on wild mushrooms and also 
as endophytes. These fungi are widely used as bio fungicides in agriculture sector and also as a source of plant 
biomass degrading enzymes in different industries. Different species of Trichoderma are able to kill other fungi 
through the production of fungal cell-wall lysing enzymes like chitinases, glucanases and proteases, and are 
called mycoparasites. These fungi also produce a plethora of bioactive secondary metabolites that are 
antimicrobial (and some are also anti-cancerous) and thus play a crucial role in biological control of plant 
pathogens through antibiosis. Trichoderma spp. can also induce a systemic defence response against invading 
plant pathogens through colonization of roots of higher plants. Several hundred Trichoderma-based 
formulations are commercially available in India and elsewhere for agricultural use as a bio fungicide, and also 
for degradation of plant biomass. Modification of a biocontrol mechanism may or may not result in improved 
biocontrol ability. Hence, the effect of a new or modified biocontrol agent must therefore be carefully 
determined empirically for different host-pathogen system. The genetic manipulation for improvement of 
Trichoderma through induced mutagenesis is a powerful approach and is being routinely utilized for 
identification of different genes regulating the biocontrol efficiency of these fungi. 

Genetic Manipulations for Biotic / Abiotic Stress Tolerance 

Different species of Trichoderma are found in nature like T. asperellum, T. atroviride, T. harzianum, T. hamatum, 
T. koningii, T. virens and T. viride etc. Among the different species, T. harzianum, T. virens and T. viride are 
routinely used as biocontrol agents. The mechanisms like antibiosis, competition for nutrients or space, 
tolerance to stress through enhanced root and plant development, induced resistance, solublization and 
sequestration of inorganic nutrients and inactivation of pathogen enzymes participate in successful biological 
control of plant pathogens. Being a living microbe, Trichoderma spp. when applied in agricultural fields, is 
exposed to several biotic stresses like fungi, bacteria, nematodes etc. and abiotic stresses. Enhancing tolerance 
to stresses like fungicides, metals, extreme pH, temperature, drought, salinity, etc., can be achieved by induced 
mutagenesis. Different approaches like gamma radiation, chemical mutagenesis have resulted in development 
of benomyl-tolerant mutants of T. viride. This led to the development of a strain of Trichoderma which can be 
utilized along with benomyl in an integrated disease management programme. In similar fashion, carbendazim 
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resistant T. hazianum mutant could be developed through Ultra Violet (UV) radiation and can be used 
successfully for control of Rhizoctonia solani in cotton. Thus, the mutants obtained, will not only provide an 
opportunity to use them along with fungicides but also reduce the required quantity of fungicide likely to be 
applied for management of plant diseases. The approaches of gamma and/or UV radiation, chemical 
mutagenesis have resulted in development of salinity, metal, low/high temperature stress tolerant mutants of 
Trichoderma. Therefore, these approaches can be explored further on different strains of Trichoderma for 
enhancing their stress tolerance capacity in future for eco-friendly management of plant diseases. 

Genetic Manipulations for Enhanced Enzyme Production and Biocontrol Activity 

Different species of Trichoderma spp. are actively engaged in cleaning-up of crop residues by producing several 
enzymes like cellulases and hemicellulases. Hence these are a very useful source of enzymes in industrial 
applications. Mandels et al. (1971) used a linear accelerator to mutagenise T. reesei and isolated a mutant with 
two-fold cellulose secretion. Later, several fold increment in the production of cellulose could be obtained using 
a series of both physical (UV radiation) and chemical mutagens (nitrosoguanidine). In industries, it is the major 
source of cellulose enzyme till date. In addition to UV radiation and chemical mutagenesis, gamma radiation, 
microwave radiation, electron ion beams have also been used to enhance cellulose production in Trichoderma 
for industrial applications. 

In order to enhance the biocontrol potential of Trichoderma, induced mutagenesis have been applied using 
different strains of Trichoderma spp. The main issue for success depends upon the ability of a suitable selectable 
marker for antagonism/biocontrol and therefore, most of the selections have been indirect. Sometimes, after 
radiation (UV and/or gamma), the mutants become quite different from the parent strain in its appearance, 
growth habit, survival in soil, antibiosis and also its capabilities of disease control. In this way, mutants can be 
easily differentiated from wild type after mutagenesis. However, this requires an expertise in studying its 
appearance, growth habit and also extensive study to compare the rhizosphere colonization, antibiosis 
(production of secondary metabolites-identification and quantification), enzymatic activities and antagonistic 
potential of wilt type and mutants. Till date, several strains of T. harzianum, T. virens have been subjected to 
mutagenesis using UV and gamma-rays and their improved strains of biocontrol activity, fungicide (benomyl) 
resistance, chitinolytic activity, and higher secondary metabolite producing mutants have been developed. 

Obtaining fungicide tolerant mutants of Trichoderma with improved biocontrol and enzyme production 
capabilities holds a great promise. Under the changing climatic conditions, the need of the hour is to identify 
the eco-friendly approaches of plant disease management. Different fungicides are regularly being banned and 
also different plant pathogens are developing resistance to these chemicals. The future agriculture will certainly 
depend upon biological pesticides with improved biocontrol potential. Using the genetic engineering 
approaches, new improved strains can be developed but use of genetically modified organisms (GMOs) will 
have to clear regulatory issues before applying them under natural field conditions. Under these circumstances, 
mutation through radiation could be a great choice for developing improved strains of not only Trichoderma 
but also of several other microbial pesticides in near future as an alternative for chemicals for universal 
acceptance. 
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Summary 

Precision agriculture offers a remedy to many of the concerns arisen because of conventional agriculture. As 
the conditions of farmlands are quite different in different places, this can effectively save input, reduce cost, 
provide better protection to crops and soil, and abate the after-effects to the environment. Precision agriculture 
can offer a sustainable solution to address food security and conserve natural resources at the same time in 
India. The recent information technologies and space technologies such as personal computers, GIS, GPS, 
remote sensing etc., for monitoring crop yields and sensing soil-related variables, are the tools available to make 
precision agriculture a success. 

Introduction 

Historically, agronomic practices and management recommendations have been developed for implementation 
on a field basis. This generally results in the uniform application of tillage, fertilizer, sowing and pest control 
treatments at a field scale. Farm fields, however, display considerable spatial variation in crop yield, at the 
'within-field' scale.  Such uniform treatment of a field ignores the natural and induced continuous variation in 
soil properties. It may result in zones being under- or over-treated, giving rise to economic and environmental 
problems associated with this inefficient use of resource inputs. The more substantial of these problems being; 
excessive chemical costs, the release of harmful chemical components, and their unacceptable long-term 
retention, a less than optimal crop growing environment to name a few. 

Precision Agriculture (PA) or Precision Farming (PF), in the form of site-specific management, offers a remedy 
to many of these concerns. The philosophy involves matching resource application and agronomic practices 
with soil properties and crop requirements, as they vary across a site. This management can be applied based 
on the requirement to the field at right time, right place, right quantity and by right method.  Precision 
agriculture first appeared in the 1970s in the United States. 

Precision Agriculture 

The word 'Precision' means exactness or accuracy. Precision agriculture or farming means 'the process by which 
exact or accurate results of farming can be obtained. Precision agriculture is a management strategy that 
gathers, processes and analyses temporal, spatial and individual data and combines it with other information 
to support management decisions according to estimated variability for improved resource use efficiency, 
productivity, quality, profitability and sustainability of agricultural production (ISPA, 2019). As the conditions of 
farmlands are quite different in different places, this can effectively save input, reduce cost, provide better 
protection to crops and soil, and abate the after-effects to the environment (Gomiero, 2019). 

Need for Precision Agriculture 

The green revolution has left Indian farmers struggling with numerous problems. Inherent soil fertility is 
declining, leading to land degradation. In India, out of 169.7 million ha, about 144 million ha of land are affected 
by water or wind erosion alone. Water tables are collapsing, depleting water resources. To feed the ever-
growing population, there is a dire need for enhanced productivity/unit of land, water and time. Environment 
pollution because of increased use of fertilizers and chemicals. Precision agriculture can offer a sustainable 
solution to address food security and conserve natural resources at the same time in India (Kahn, 2020). 
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Components of Precision Agriculture 

1. Data Base / Information: Under field conditions, both soils and crops vary spatially and temporally. The 
information related to soil properties, crop characteristics, weed and insect population and harvest data is 
important to develop database necessary for realizing the potential of precision agriculture. 

2. Technology: The recent Information technologies and space technologies for monitoring yields and sensing 
soil-related variables are new tools available to make precision agriculture a success. It includes: 

a. Personal computers (PC). 
b. Geographic Information Systems (GIS). 
c. Global Positioning Systems (GPS). 
d. Sensors. 
e. Remote Sensing (RS). 

Steps in Precision Agriculture 

1. Assessing Variability: The major part of precision agriculture lies in assessing the spatial variability and it 
must be of sufficient magnitude, spatially structured (non-random), and manageable. Knowing variation implies 
accuracy, which is very essential. Steps in accessing variability: 

a. Surveys. 
b. Interpolation of Point Samples. 
c. High-Resolution Sensing. 
d. Modelling. 

2.  Managing variability: Once variation is adequately assessed; farmers must match agronomic inputs to known 
conditions employing management recommendations. These are site-specific and use accurate applications 
control equipment. While taking the soil/plant samples, the sample site coordinates should be noted and 
further can be used for management. This results in the effective use of inputs and avoids any wastage. Steps 
in Managing the variability: 

a. Precision Soil Fertility Management. 
b. Precision Pest Management. 
c. Crop Management. 
d. Water Management. 
e. Soil Management. 

3. Evaluation: An evaluation of precision agriculture is required after the assessment and management of 
spatial and temporal variability. There are three important issues regarding precision agriculture evaluation: 

a. Economics evaluation: focuses on whether the documented agronomic benefits-translated into value 
through market mechanisms-exceed the technological and service costs. 
b. Environment evaluation: focuses on whether precision agriculture can improve soil, water and the 
general ecological sustainability of our agricultural systems. 
c. Technology transfer: could imply that precision agriculture occurs when individuals or firms simply 
acquire and use the enabling technologies. 

Methods of Precision Agriculture 

1. Map-based: It includes grid sampling a field, performing laboratory analyses of the soil samples, generating 
a site-specific map of the properties and finally using this map to control a variable rate applicator. During both 
the sampling and application steps, a positioning system GPS is used to identify the current location with higher 
accuracy in the field. Site-specific maps may also be used for grid wise site-specific input management. This 
methodology is most relevant for Indian agriculture at present. 

2. Sensor-based: It utilizes real-time sensors and feedback control to measure the desired properties, usually 
soil properties or crop characteristics and immediately use this signal to control the variable rate applicator. 
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Sensors developed for the measurement of soil properties have the potential to provide benefits from the 
increased density of measurements at a relatively low cost. A GPS receiver and a data logger are used to record 
the position of each soil sample or measurement, to generate a map which can be processed along with other 
layers of spatially variable information to control the variable rate applicator. 

Advantages 

1. The crop yields are higher and predictable. 
2. Increase in the output and/or reduction in the input.  
3. Helps the farmer to set a history of his farm practices and results. 
4. Better planning and time management of agricultural activities. 
5. Application of pesticides only where there is pest-infestation, hence pocket and environment friendly. 
6. Reduce chemical and fertilizer costs through more efficient application and reduce pollution.   
7. Better estimation of the real needs of the crop. 

Conclusion 

Although precision agriculture seems to offer numerous advantages in the Indian context, many issues are 
waiting to be addressed before realizing the real benefits from precision nutrient management. Some of them 
being, developing simple and robust technologies and methodologies, making the interpretation process more 
automatic, generic and mechanistic as against empirical, evaluation at multiple sites with standardized 
methodologies providing proof of economic and environmental benefits, and customization of this technology 
to the actual Indian field conditions. 
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An optimum physical environment of soils is essential for better growth of plants, consequently for better yields. 
Based on soils physical properties viz., infiltration, bulk density, hydraulic conductivity, porosity (capillary and 
non-capillary, aggregates etc soil physical constraints are identified as below: 
1. Slow permeable soils. 
2. Excessively permeable soils. 
3. Subsoil hardening. 
4. Surface crusting. 
5. Fluffy paddy soils. 
6. Shallow soils. 

Slow Permeable Soils 

Slow preamble soils are those having infiltration rates less than 6 cm/day due to high clay content of the soil. 
Due to low infiltration rates, the amount of water entering the soil profile is reduced thus increasing the run-
off. Further, it encourages erosion of surface soil leading to nutrient removal in the running water. More ever, 
due to heavy clay content, the capillary porosity is relatively high resulting in impeded drainage and reduced 
soil conditions. This results in increase of some soil elements to the level of toxicity to the plants. It also induced 
nutrient fixation in the clay complex thereby making the nutrient becoming unavailable to the crop, eventually 
causing deficiency of nutrients.  

Management:  The constraints in such soils can be managed by adopting suitable practices like: 
a. Provision of drainage facilities either through open or closed sub surface drains.  
b. Forming contour and compartmental bunding to increase the infiltration rates of soils.  
c. Application of huge quantities of river sand or red soils of coarser texture to dilute heaviness of the 
soil.  
d. Application of liberal doses of organic manures like Farm Yard Manure, Compost, Green manure, 
Composted coir pith, sewage waste, press mud etc.  
e. Adopting ridges and furrows, raised beds, broad bed and furrow systems.  
f. Application of soil conditioners like H-concentrate, Vermiculite, Jalasakti etc to reduce run-off and soil 
erosion. 

Excessively Permeable Soils 

Excessively permeable soils are those having high amount of sand exceeding 70- percent. Due to this, the soils 
are inert and unable to retain nutrient and water. These soils being devoid of finer particles and organic matter, 
the aggregates are weakly formed, the non-capillary pores dominating with very poor soil structure. Due to low 
retaining capacity of the soils, the fertilizer nutrients are also lost in the drainage water.  

Management: The excessively preamble soils can be managed by adopting the techniques given below.  
a. Compacting the field with 400kg stone roller (tar drum filled with 400 kg of sand or stones can also be 
used) 8-10 times at optimum moisture conditions.  
b. Application of clay soil up to a level 100 t ha-1 based on the severity of the problem and availability 
of clay materials.  
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c. Application of organic materials like farm yard manure, compost, press mud, sugar factory slurry, 
composted coir pith, sewage sludge etc.  
d. Providing asphalt sheet, polythene sheets etc. below the soil surface to reduce the infiltration rate.  
e. Crop rotation with green manure crops like Sunhemp, sesbania, daincha, kolinchi etc. 

Sub Soil Hardening / Hard Pan 

The sub soil hard pan in red soils in due to illuviation of clay to the sub soil horizon coupled with cementing 
action of oxides of Fe, Al and Calcium carbonate, which increases the soils bulk density to more than 1.8 Mg m-
3. Further, the hard pan can also develop due to continuous cultivation of crops using heavy develop due to 
continues cultivation of crops using heavy implements up to certain depth constantly. Besides, the higher 
exchangeable sodium content in black soils areas also result in compactness. All put together lowered the 
infiltration and percolation rates, nutrient movement and free air transport within the soils profile. It prevents 
root proliferation and limits the volume of soils available for nutrients uptake resulting in depleted, less fertile 
surface soil. Due to this, the contribution of sub soil fertility to crop growth is hampered.  

Management: These soils are managed by adopting following practices: 
a. Ploughing the soil with chisel plough at 0.5m interval criss cross at 0.5m depth once in 2-3 years.  
b. Application of organics to improve the aggregation and soil structure so as to prevent further 
movement of clay to the lower layers.  
c. Deep ploughing of the field during summer season to open up the sub soils.  
d. Cultivating deep rooted crops like tapioca, cotton so as to encourage natural breaking of the hard pan.  
e. Raising deep rooted semi perennial crops like Mulberry, Jasmine, Match wood tree etc. can also help 
in opening up the sub surface hard pan. 

Surface Crusting 

Surface crusting is due to presence of colloidal oxides of iron and Aluminium in Alfisols which binds the soil 
particles under wet regimes. On drying it forms a hard mass on the surface.  

The ill effects of surface crusting are: 
a. Prevents germination of seeds. 
b. Retards/inhibits root growth.  
c. Results in poor infiltration.  
d. Accelerates surface run off.  
e. Creates poor aeration in the rhizosphere.  
f. Affects nodules formation in leguminous crops. 

Management: Surface crushing can be managed as below: 
a. When the soil is at optimum moisture regime, ploughing is to be given.  
b. Lime at 2 t ha-1 may be uniformly spread and another ploughing given for blending of amendment 
with the surface soil.  
c. Farm yard manure at 10 t ha-1 or composted coir pith at 12.5 t ha-1 or other organics may be applied 
to improve the physical properties of the soils, after preparation of land to optimum tilth. 4. Scraping 
surface soil by tooth harrow will be useful.  
d. Bold grained seeds may be used for sowing on the crusted soils.  
e. More number of seeds/trill may be adopted for small seeded crops.  
f. Sprinkling water at periodical intervals may be done whenever possible. 
g. Resistant crops like cowpea can be grown. 

Fluffy Paddy Soils 

The traditional method of preparing the soil for transplanting rice consists of puddling, which substantially 
breaks soil aggregates into a uniform structure less mass. Under continuous flooding and submergence of soil 
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for rice cultivation in a cropping sequence of rice-rice-rice, the soil particles and always in a state of flux and the 
mechanical strength is lost leading to the fluffiness of the soils. Impact of fluffiness is sinking of drought animals 
and labourers during pudding. This has been thus, an invisible drain of finance for the farmers due to high pulling 
power needed for the bullocks and slow movement of labourers during the puddling operations. Further 
fluffiness of the soil lead to very low bulk density and thereby leading to very rapid hydraulic conductivity and 
in turn the soil does not provide a good anchorage to the roots and the potential yield of crops is adversely 
affected.  

Management: Following practices are need to be adopted to overcome this problem: 
a. The irrigation should be stopped 10 days before the harvest of rice crop.  
b. After the harvest of rice, when the soil is under semi-dry condition, compact the field by passing 400 
kg stone roller or a tar drum filled with 400 kg of sand for 8 times.  
c. The usual preparatory cultivation is carried out after compaction. 

Shallow Soils 

The shallow soils are characterized by the presence of the parent root immediately below the soil surface at 
about 15-20 cm depth. This restricts the root elongation and spreading. Hence, the crops grown in these soils 
necessarily are shallow noted crops, which can exhaust the soil within 2-3 seasons. Therefore, frequent renewal 
of soil fertility is a must in these soils. These soils can be managed by growing crops which can withstand the 
hard rooky sub soils like mango, ber, fig, country, goose berry, west, Indian cherry, Anona, Cashew, and 
Tamarind etc. 
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Introduction 

The Green Revolution that brought about large increases in crop yield and saved millions of people from mass 
famine. Yet, malnutrition remains widely prevalent around the globe and while many people eat enough 
calories, many do not get enough nutrients. Over half of the global populations are afflicted by a different form 
of food deficiency (FAO, 2004). 

This “hidden hunger” is due to the quality, rather than the quantity, of the food available, and it is closely related 
to the fact that in many poor developing countries people rely only or mostly on low-protein staple crops for 
food. Introducing biofortified staple crops with increased nutritious content can therefore have a very big 
impact, as the strategy relies on improving an already existing food supply (Nestel et al., 2006). 

Today, deficiencies of iron, vitamin A and iodine are of the most concerns to the nutrition community and 
healthcare officials although other nutrient deficiencies, including zinc, selenium, calcium, magnesium and 
other vitamins (e.g., riboflavin, vitamin C, vitamin E and folic acid), may be prevalent in some global regions 
(Welch and Graham.  2004). 

Developing micronutrient-enriched staple plant foods, either through traditional plant breeding methods or via 
molecular and biological techniques, is a powerful intervention tool that targets the most vulnerable people. 
Biofortifying these crops that feed the world's poor can significantly improve the amount of these nutrients 
consumed by target populations (Welch and Graham, 2004). 

Biofortification 

Biofortification means improving nutritional quality of the foods through genetic engineering and plant 
breeding. Biofortification is a word coined to refer to increasing the bioavailable micronutrient content of food 
crops through genetic selection via plant breeding (Nestel et al., 2006; Hotz and McClafferty, 2007). This 
approach has multiple advantages. 

First, it capitalizes on the regular daily intake of a consistent and large amount of food staples by all family 
members. Because staple foods predominate in the diets of the poor, this strategy implicitly targets low-income 
households. Second, after the one-time investment to develop seeds that fortify themselves, recurrent costs 
are low, and germplasm can be shared internationally. This multiplier aspect of plant breeding across time and 
distance makes it cost-effective. 

Third, once in place, the biofortified crop system is highly sustainable. Nutritionally improved varieties will 
continue to be grown and consumed year after year, even if govt. attention and international funding for 
micronutrient issues fade. Fourth, biofortification provides a feasible means of reaching undernourished 
populations in relatively remote rural areas, delivering naturally fortified foods to people with limited access to 
commercially marketed fortified foods that are more readily available in urban areas. Biofortification and 
commercial fortification, therefore, are highly complementary. Finally, breeding for higher trace mineral density 
in seeds will not incur a yield penalty (Graham and Welch, 1996). In fact, biofortification may have important 
spin-off effects for increasing farm productivity in developing countries in an environmentally beneficial way.  

Crops for Biofortification 

A significant portion of the developing world’s population relies largely on one or more of the staple crops for 
their nutrition, and these are the subject of biofortification projects, both by conventional breeding and by 
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modern biotechnology methods. Suitable protein candidates for biofortification include the storage protein 
Sporamin A from sweet potato, the seed albumin AmA1 protein from Prince’s Feather (Amaranthus 
hypochondriacus), and ASP1, an artificial storage protein rich in essential amino acids. ASP1 has been introduced 
and expressed successfully in cassava, and efforts are under way to optimize expression and increase the level 
of protein accumulation in transgenic plants. Cassava feeds about 800 million of the world’s most deprived 
populations, mostly in Africa (González et al., 2009). 

Potato is the most important non-cereal food crop, and ranks fourth in terms of total global food production. 
The science team of The New Zealand Institute for Plant and Food Research artificially added a plant gene 
controlling GDP-galactosephosphorylase (GGP), an enzyme important in the production of vitamin C, to 
different varieties of strawberry, potato and tomato. The results showed that ascorbate levels could be 
increased by up to 500% (Bully et al., 2012).   

Iron deficiency anaemia affects more than 2 billion people in virtually all countries, which makes iron deficiency 
by far the most common micronutrient deficiency worldwide. Iron is found in vegetables, grains, and red meat. 
Therefore, scientists had to increase the iron content in grains, reduce the level of phytate, and add resorption-
enhancing factors (Sautter et al., 2007). Expression of the iron storage protein ferritin from French bean and 
soybean in the endosperm of rice results in a 3-fold increase of iron in seeds. 

Folic acid deficiency is a global health problem that affects mainly, though not exclusively, women over the age 
of 30, and it is the main cause of anaemia in at least 10 million pregnant women in developing countries. In 
food, most of the folic acid occurs as folate. In order to engineer tomatoes with higher level of folate, scientists 
have over-expressed in the fruit the genes encoding the enzymes catalysing the synthesis of two folate 
precursors (Díaz de la Garza RI et al., 2007). In plants both traits were combined by crossing, vine-ripened 
transgenic fruit accumulated up to 25 times more folate than controls.  

Challenges for the Adoption of Biofortified Crops 

A successful biofortification strategy requires widespread adoption of the crops by farmers and consumers, and 
this presents several important challenges (Powell, 2007). Public acceptance is also essential, especially if the 
new trait changes perceptibly the qualities of the crop, such as colour (like in Golden Rice), taste, and dry matter 
content. Adequate information programs will play an essential role in ensuring acceptance. Wide dissemination 
of the technology, a requisite for success, also relies on good market networks and channels for the 
dissemination of agricultural information. The lack of agricultural infrastructure in some developing countries 
is a significant challenge for adoption of new biofortified varieties.  

Conclusion 

Biofortification has the potential to complement the existing micronutrient interventions, in particular by 
targeting the rural poor who eat large quantities of staple crops and often have little access to commercially 
processed food i.e., among whom the impact of industrial fortification is limited. Biofortification of vegetable 
crop is a potential mechanism for alleviating micronutrient deficiencies.  
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Introduction 

Soil compaction is a dynamic behaviour of the soil , where the process of Increasing  the density of the soil by 
the applied effort. Soil compaction occurs when soil particles are pressed together, reducing pore space 
between them while soil compaction increases soil strength that is  ability of soil to resist being moved by an 
applied force. A compacted soil also means that roots must exert greater force to penetrate the compacted 
layer. (Burton et al. 2004). 

Factors Affecting Degree of Compaction 

1. Raindrop impact: This is certainly a natural cause of compaction, and we see it as a soil crust (usually less 
than 1/2 inch thick at the soil surface) that may prevent seedling emergence. Rotary hoeing can often alleviate 
this problem. 

2. Tillage operations: Continuous mouldboard ploughing or disking at the same depth will cause serious tillage 
pans (compacted layers) just below the depth of tillage in some soils. may not  can be alleviated by varying 
depth of tillage over time or by special tillage operations. 

3. Wheel traffic: It is a major cause of soil compaction. With increasing farm size. The weight of tractors has 
increased from less than 3 tons in the 1940's to approximately 20 tons today for the big four-wheel-drive units. 

4. Minimal Crop Rotation: The trend towards a limited crop rotation has had two effects: first is limiting 
different rooting system and their  beneficial effects on breaking subsoil compaction and second is Increased 
potential for compaction early in the cropping season, due to more tillage activity and field traffic. (Chitale et 
al. 2004). 

Effects of Compaction on Soil 
1. Increased Shear Strength: This means that larger loads can be applied to compacted soils since   they are 
typically stronger. 
2. Reduced Permeability: This inhibits soils’ ability to absorb water, and therefore reduces the tendency to 
expand/shrink and potentially liquefy. 
3. Reduced Compressibility: This also means that larger loads can be applied to compacted soils since they will 
produce smaller settlement. 
4. Control Swelling & Shrinking. 
5. Compaction in subsoil influences root distribution by reducing soil porosity and increasing soil strength. 
6. Compaction causes unfavorable changes in soil bulk density, porosity and penetration resistance. 
7. Subsoil compaction may be anthropogenic or inherent clay soil in particular is susceptible to anthropogenic-
induced compaction. 
8. Compaction can result in low water use efficiency. 

Consequences of Soil Compaction for Plant Growth 

1. Desirable effect: 
a. Slightly compacted soil can speed up the rate of seed germination because it promotes good contact 
between the seed and soil.   
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b. Moderate amount of compaction can increase root branching and secondary root formation, allowing 
roots to more thoroughly explore the soil for nutrients. 
c. Moderate compaction may reduce water loss from the soil due to evaporation and, therefore, prevent 
the soil around the growing seed from drying out. 

2. Undesirable effects: 
a. Impedes root growth and therefore limits the amount of soil explored by roots. 
b. Soil compaction in wet years decreases soil aeration. This results in increased denitrification. 
c. Reduced soil aeration affects root metabolism. 
d. Yields are decreased with any increase in compaction. 

Steps to Minimizing Soil Compaction 

Stay off wet soil: Machines or cattle traveling on very wet soil will cause significant compaction, even if you 
have tracks, duals, or a light load. Letting soil dry for even one or two more days can greatly reduce soil damage. 

Keep axle loads low: Subsoil compaction is rare with axle loads under 5 tons and highly likely with loads greater 
than 10 tons per axle. 

Use a Controlled Traffic System and Reduce Trips 

Most compaction is caused by the first pass of a tire. Subsequent passes do not increase compaction as much 
as the first, and traction is better. A much smaller portion of the field is compacted so roots have plenty of non-
compacted soil to explore. 

Increase Organic Matter Levels 

At the same water content and machinery weight, a soil with more organic matter will suffer less compaction. 
Organic matter (and the associated biological activity) protects soil from compaction by "cushioning" aggregates 
and increasing the stability of aggregates. (Gajbhiye et al. 2013). 
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Introduction 

Available fresh water resources are subjected to an ever-increasing pressure due to extensive agricultural water 
demand. Since irrigated agriculture is the largest user of fresh water resources which uses 70 per cent of total 
water withdraws and 60-80 per cent of total consumptive water use is consumed for irrigation. Climatic changes 
and expanding land use in horticulture have intensified the pressure on water availability making it an 
increasingly a scarce resource. Worldwide there is a conflict between increase in water demand and decrease 
in water resource therefore the focus is on sustainable crop specific water saving irrigation techniques without 
detrimental effect on yield and quality of the fruits. In this regard successful attempts have been made on deficit 
irrigation practises which allows the crop to sustain some degree of water stress Partial root zone drying is one 
such deficit irrigation technique has been used is thought to reduce the plant water consumption by enhancing 
the production of abscisic acid in the water stressed half of the roots while remaining well-watered half of the 
roots maintains the plant growth in an optimum condition. 

Partial Root-Zone Drying 

A novel improvement of deficit irrigation in which half of the root zone is irrigated alternatively in a scheduled 
irrigation event. 

Principle 

Irrigating the part of the root system keeps the leaves hydrated while drying on the other part of the root system 
promote the synthesis of so-called chemical signals particularly Abscisic acid from roots to shoots via xylem to 
induce a physiological response. 

   

Fig- partial root irrigation by shifting emitters alternatively on one side after the other 
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Mechanism of PRD Irrigation 

PRD system of irrigation mainly relies on root to shoot signals emerging from the roots in response to low soil 
water potential within the dry zone. It has been found that drying roots originates ABA which has been precisely 
involved in regulating stomatal aperture thereby regulating the transpiration rate from the leaf surfaces. As the 
soil dries the transport of ABA in the xylem tissues increases with alteration of Ph in order and thus induces a 
number of physiological responses inside the leaf such as stomatal closure, reduced mesophyll conductance, 
lower respiration rate and enhanced expression of antioxidants to conserve water and to protect the 
photosynthetic physiology. 

How to Calculate the Water Requirement of a Crop 

Consider the Evapotranspiration loss of water as total requirement of the plant. 

WR (litres/day) = pan evaporation(mm/day) × row to row spacing (m) × plant to plant spacing(m) × crop factor× 
pan factor × % wetted area 

For fruit crops: generally, crop factor-0.6, pan factor-0.7 and wetted area-0.2-0.3. 

Impact of PRD in Plants 

PRD system mainly relies on altering the biochemical and physiological process thereby it induces increased 
WUE with sustained crop yield and improved total quality of the fruits. 

Table 1: Impact of PRD on Crop and Fruit Quality: 

Table 2: Impact of PRD on Crop Yield and WUE: 

WUE and Yield  Changes in stomatal morphological characteristics 
observed in PRD plants (smaller guard cells, lower 
stomata density). Lower conductivity affected 
transpiration and contributed to increase of water use 
efficiency, as well as enhance the photosynthetic 
capacity have positive impact on net photosynthesis. 

Wang et al., 2005 (b) 

 
Effect  on Physio-chemical process in plants References 

Fruit 
Quality 

Plants under PRD are exposed to a certain degree of water stress, their 
reaction toward the accumulation of the metabolites responsible for 
the nutritional and the health-promoting value of their 
fruits/grains/tubers could be related to the effects of drought. 

Wang and Frei, 2011 

 
Plants respond to drought with the activation of several signalling 
pathways resulting in a change of gene expression and enhancement 
of the biosynthesis of primary and secondary metabolites relevant for 
crop quality 

Stagnariet  al., 2016 

 
water stress may influence the secondary metabolism through two 
interactive mechanisms: the changes of primary metabolite transport 
(major source in the biosynthesis of carotenoids and ascorbic acid) or 
oxidative stress which could affect the biosynthetic pathways of 
antioxidant compounds. 

Fanciullino et al. 
2014 

 
Transcript and metabolite analysis showed that grape berries respond 
to drought by stimulating production of secondary metabolites 
(phenyl propanoids, zea xanthin, monoterpenes), which have 
significant potential to affect both, grape and wine antioxidants and 
flavor characteristics 

Savoi et al., 2016 



 

 
Volume 3 - Issue 01 - January 2021       269 | P a g e  
 

 
Reduction of vegetative vigor and canopy area allowed 
better exposure of grains/fruits to solar radiation (more 
light penetrate the canopy)  

Chaveset al., 2010  

 
Induced remobilization of assimilates from vegetative 
tissues to the fruits/grains that consequently could 
improve yield  

Zhang et al., 2010;   

 
Promotion of root growth and development and greater 
root biomass under PRD conditions increase plant 
hydraulic conductivity and water uptake  

Mingo et al., 2004;  

 
PRD increase the activity of soil micro-organisms and 
higher root nutrient uptake capacity especially nitrogen 
and phosphorus with “Birch effect.”  

Beis and Patakas (2015) 

  Modification in the phytohormonal signalling especially   
ABA and cytokinins ratio.  

Beis and Patakas (2015)  

Conclusion 

Practical implementation of PRD provides potential to increase the water and nutrient use efficiencies. So 
adoption and promotion of this technique in water scarce areas is not only as a strategy to save the water but 
also to produce the food with enhanced nutritional and health benefit. 
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Abstract 

The study describes the silhouette of gender discrimination in the labour market in India. Gender discrimination 
is defined as the practice of treating individuals in different ways based on their gender. The society has made 
roles and responsibilities for different individuals to perform in a society based on their gender. The gender 
disparity exists in India irrespective of the various acts made by the Government of India. The studies conducted 
in India concerning gender discrimination both at the micro and macro level found that there was vast gap 
existed in the wages not only in rural and urban areas but also in various sectors. The segregation of the labour 
market in rural is visible in India. The male is dominant in performing non-farm occupations where the wages 
are higher than women. The women were dependent on farm work in the rural area than women and also get 
lower wages than another gender. Rural labour markets are also segmented based on the social group (caste 
and religion) to some extent (after discounting for human and physical capital) which supports segmented 
labour market theory. There is a need to draft new bills/acts to improve the condition of women in India. More 
emphasis should be given on women empowerment to improve the social, economic, and cultural participation 
of women in society. 

Introduction 

The gender discrimination is the practice of treating a group of people differently based upon their gender. The 
discrimination means the use of with unfair conduct of one gender by the other which is considered as inferior 
by the society. The lives of both men and women are affecting by discrimination since antiquity. The women 
and man have given equal rights by the constitution of India, but gender disparity still prevalent in India.  Labour 
is a measure of work done by human beings. The employees and workers work together with each other in a 
place called labour market. It may be regional, local, national and international which are made up of small 
labour markets which interact with each other. It acts as important tool to alleviate poverty and improve the 
living standard of the people. The difference in the wages, income and earnings of labour results into employer’s 
and society’s perception about attitude and value of different categories of workers. Therefore, labour market 
is a hub of generating income and poverty alleviation in one hand, on the other hand it has capacity to generate, 
perpetuate and increase the inequality and discrimination in the country. 

Gender Discrimination: Indian and Developing Country Context 

Gender discrimination occurred in work place against women shrinks her talents, her capability to perform 
better both in work as well as in society. Indian society is dominated by patriarchal system where men has given 
power and right to control over property, social activities, moral and political leadership. Over the passage of 
time, the roles and responsibilities are changing, but women still are not free to perform various activities as 
men in the formal economy (Dreze and Sen, 1995; Dunlop and Velkoff, 1999 and Nihila, 1999).  The study 
conducted by Deolitte Company reported that the female labor participation rate has decreased to 26 per cent 
in 2018 from 36.7 per cent in 2005 in India. This was due to lack of education, accessibility to good quality 
education and digital divide hinders them to gain enough skills to enter into workforce. The women from the 
poor and middle households can’t afford to participate in activities outside the house. The women in cities and 
upper classes are free to participate in the cities. This suggests the existence of a U-shaped relationship between 
female labor participation and development as documented in Goldin (1994), who argues that the initial decline 
in female participation is because of an income effect—due to the change from home production to manual 
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work market production, against which a social stigma exists—while, as economies develop, women enter the 
labor force through white-collar work, against which no social stigma exists. Therefore, female labor force 
participation in India is most likely the result of the interaction between social norms and economic conditions: 
as Goldin (1994) shows with a simple model, that sigma value is greater with large family. To improve the status 
of women workers, Government of India has made various legislations by targeting the women such as 
(Maternity Benefits Act (1961), Equal Remuneration Act (1976)), or indirectly (Plantations Labor Act (1951), 
Contract Labor (1970), Inter-State Migrant Workers Act (1979), Factories Act (1948), and Mines Act (1952). 

The gender discrimination against women in the labor market in the developed countries is identified through 
difference in wage rate, whereas in case of developing countries it is in the form differential access to wage 
employment (Collier, 1994). The labor market is segmented in the developing countries which can be 
characterized as a situation in which people who are working in different sectors or different job gain different 
income, different level of protection and have different opportunities. To have labor market segmentation, 
however, we need also this situation to be “rigid”, that is, these differences must persist and it must be difficult 
for the disadvantaged workers to move to the “good” jobs or segments of the market. This segmentation leads 
to different levels of vulnerabilities which makes some people to end up in poor state, especially in less 
developed countries, where labor is considered as main source of income (Fields, 2006). This shows that 
segmentation negatively affect vulnerable and poor individuals. Women are prominent in to these 
discriminations, hence representing lower participation rate of women in the labor market. If they do enter into 
the labor market, they earn less and slowly moving toward their career, even the presence of talent. In 
developing countries, Labor markets are divided into Formal (salaried) or Informal (hired), and Urban and Rural, 
in developing countries. 

A Bird’s Eye View of Gender Gap Across Indian States 

The state-wise pay gaps between working men and women shown on the map present a rough approximation 
of the difference between the wages of the two genders. The data for this approximation came from an online 
survey questionnaire with 16,500 respondents (men and women) across the country. The survey was conducted 
over six years (2006-11) by the Wage Indicator’s Indian website, Paycheck India. It may be observed that pay 
gap is highest for the states of Assam, Rajasthan, Bihar and Madhya Pradesh, with females earning 64%, 59%, 
50% and 47% less, respectively. The lowest gender pay gap was found in Delhi state in which females were 
earning only 20 per cent less than males, followed by Sikkim and Chhattisgarh where gender gap in pay was 23 
per cent. The zone wise analysis shows that gender gap was 30.50 per cent which was least in north zone, 
whereas the western zone has highest gender gap of 47 per cent. Despite the Government’s attempts at 
improving women’s working conditions, inequalities remain. Men are more likely to get promotions than 
women—besides, for men the nature of their jobs often changed with the promotions, unlike women, who 
usually only got increased responsibility and higher workload. Promotion policies are better in the public sector 
and unionized companies (Kumar et al (1999)). However, the provision for facilities at the workplace is 
inadequate, regardless of whether the company is unionized. 

Measurement of Wage Gap 

Wage gaps are the differences in the wages received by men and women (working in either the formal or the 
informal sector) for the same kind of work.  

Oaxaca (1973) and Blinder (1973) were the first economist who have made first attempt for qualitative 
measurement of wage discrimination. The Bilnder-Oaxaca decomposition method was used since antiquity by 
many researchers to find out wage discrimination. This method still has relevance in today’s world as it is used 
as summary measure of wage discrimination. Since the mid-1990s, newer decomposition methods have gone 
beyond the focus on single summary measures. Studies now seek to go beyond the mean and answer questions 
like what happened where in the distribution, rather than decomposing only differences at the means. 
Additionally, since policies could have different effects at different parts of the wage distribution, this nuanced 
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understanding is needed to assess their impact on wage inequalities. For example, a change in minimum wage 
regulations is more likely to influence the lower part of the wage distribution. When considering wage gaps 
among different social groups, the mean gap may not turn out to be particularly representative of the gaps 
across different quantiles of the distribution. Thus, Jenkins (1994) criticizes the “almost universal practice to 
analyse discrimination at the average proportionate wage differential”. Machado and Mata (2005) put the 
quantiles regression (QR) technique to great use in assessing how different variables affect inequality. For 
instance, how higher education affects the top of the distribution may be very different from how it affects the 
bottom and this has implications for influencing overall wage inequality. This is where the QR technique can be 
far more informative than the Ordinary Least Squares (OLS) regression which only looks at mean effects. The 
Machado Mata (MM) decomposition splits the changing wage inequalities in Portugal over the period 1986-
1995 into two components, one representing the changing characteristics and the other the changing returns 
to them. 

Status and Trends in India 

There are a few important studies on gender wage discrimination in India. Reilly and Dutta (1996) find that the 
mean wage differential between men and women was relatively stable in the 1980s and the 1990s. Later, a 
study on urban labour markets conducted by Madheswaran and Khasnobis (2007) focused on decomposition 
of gender wage differentials. The objective of the paper was to study wage determination for regular wage as 
well as casual workers, and the wage gap between males and females for both these categories of workers. 
They used three rounds of the EUS, namely the 38th (1983), the 50th (1993-94) and the 55th (1999-00). They 
implemented several variants of the B-O technique, as well as the Banerjee and Knight (1983) technique to 
assess job discrimination in the labour market. They found that the gross raw wage differential between men 
and women declined over time, in both the regular and casual labour markets. Decomposing the gender wage 
differential, the paper found that both the endowment component and the discrimination component 
narrowed down for the regular workers over 1983 and 1999-2000, though the decline in endowment difference 
largely contributed to the decline in the raw wage differentials. The detailed decomposition revealed that 
differences in education played an important role in explaining the wage differential for regular workers. The 
casual labour market saw a widening of endowment differences. The discrimination component of the casual 
labour market however, declined. On the whole, the discrimination against women in the labour market 
persisted. In addition, for 1999-00, Madheswaran & Khasnobis (2007) also find that for all workers the 
“explained” component accounts only for about one-fifth of the wage differential, and this proportion is even 
smaller for regular wage workers, which is a remarkable finding in itself.Quantitative literature on gender wage 
discrimination in India also includes Duraisamy and Duraisamy (1996) and Kindon and Unni, (1997). More 
recently, Khanna (2012), using the data from the NSS rounds Employment-Unemployment Survey (EUS) for the 
years 1999-2000,  2004-2005, and 2009-2010 (55th, 61st, and 66th rounds, respectively), makes some 
interesting observations, which are henceforth presented along with the findings of Javeed and Manuhaar 
(2013), who also worked with the same dataset. The macro and micro evidences of wage gap described below 
in this section. 

Macro Evidence of Wage Gaps 

Table 1 shows that average gender wage differential worsened from 30 percent in 1999-2000 to about 34 
percent in 2004-2005, followed by a sharp fall to 25 percent in 2009-2010. While average wage differentials are 
typically reported as summary measures, it has been demonstrated above that average log wage gaps are not 
representative of log wage gaps at various quantiles of the distribution. 

Table:1 Nominal average daily wage by gender and average wage differential, across NSS rounds: 

Statistic/Year  1999-2000 2004-2005 2009-2010 

Daily wage men (Rs./Day)  151.42 176.90 325.00 

Daily wage women (Rs./Day)  116.93 131.89 260.31 
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Avg. gender wage differential (%)  29.50 34.13 24.85 

N (Sample Size)  38,649 41,277 35,363 

Population Size  46,636,357 54,068,431 58,976,514 

Source: Khanna (2012) 

The dramatic fall in average gender wage differentials from 2004-2005 and 2009-2010 (as seen in Table 1) has 
happened mostly due to the gains by women vis-à-vis men in the middle of the distribution. The percentage 
share of male in the rural area was 73.78 per cent of males and 26.22 per cent of female in the total workforce, 
whereas in urban area the percentage of male was 84.76 per cent and female was 15.24 per cent. Table 2 shows 
that in all states the female workers employed are very less compared to their male counterpart. 

Table: 2 Percentage shares of males and females in total workers and average salary received in 2009-10: 

States Males Females Rural Urban 

Rural Urban Rural Urban Male  Female Male Female 

Andhra Pradesh  62.96 82.27 37.04 17.73 198.31 93.84 341.63 248.05 

Assam  81.42 86.76 18.58 13.24 248.31 95.00 491.19 380.92 

Bihar  82.46 90.23 17.54 09.77 252.59 271.76 338.31 500.75 

Gujarat  73.87 89.16 26.13 10.84 187.02 178.08 306.58 221.35 

Haryana  75.80 87.52 24.20 12.48 299.11 202.04 316.91 330.10 

Jammu & Kashmir  83.75 89.40 16.25 10.60 360.08 224.78 487.56 435.70 

Karnataka  68.29 79.66 31.71 20.34 328.11 335.82 379.61 321.86 

Kerala  77.97 79.66 22.03 20.34 195.08 112.60 414.95 293.37 

Madhya Pradesh  70.29 84.80 29.71 15.20 290.79 213.29 450.76 320.61 

Maharashtra  61.90 84.43 39.10 15.57 154.03 138.15 325.15 230.33 

Orissa  82.72 87.48 17.28 12.52 293.76 164.51 439.30 391.71 

Punjab  79.28 87.53 20.72 12.47 293.87 151.72 358.89 238.48 

Rajasthan  69.98 88.34 30.02 11.66 263.01 136.72 342.35 374.49 

Tamil Nadu  63.25 76.72 36.75 23.28 261.55 112.99 374.42 317.85 

Uttar Pradesh  86.34 90.96 13.66 09.04 256.49 161.47 319.60 277.23 

West Bengal  84.13 85.92 15.87 14.08 235.60 148.11 360.29 285.54 

India  73.78 84.76 26.22 15.24 180.21 97.29 391.77 277.08 

Source: Javeed and Manuhaar (2013) 

The highest share of female in the rural area was found in Maharashtra state where share of female was 39.10 
per cent in rural areas and male share was 61.90 per cent. In urban areas, the gender wage gaps are more 
pronounced. Bihar is the only state where in both rural and urban areas the wages of women labour are more 
than that of men. Table 3 gives the wage rates of men and women across India. In Bihar, women in rural areas 
are getting about 8% more wage than men, but in urban areas, wages of women are almost 50% more than 
that of men. Some other states where either in rural or urban areas the wages of women are more than that of 
men are Haryana, J&K and Punjab. 

Gender Wage Gaps by Gender in 2009-10 

1. Gender wages in the Rural and Urban Sectors: In this section, the focus is on the gender wage gaps separately 
for the rural and urban sectors. 

Table 4 provides the distribution (shares) of men, women and the pooled sample over categorical variables. As 
expected, urban workers constitute 65 percent of all regular wage salaried workers. The overall average gender 
wage differential as given in Table 1 is about 25 percent in 2009-2010. However, this varies greatly between the 
rural and the urban sectors. The average rural gender wage differential is 54 percent, whereas the 
corresponding figure for the urban sector is about 15 percent. It may be observed from Table 4 that about 33 
percent of the regular wage workers work in the government or the public sector. Table 4 also shows that 
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average wage is much higher in the public sector than in the private sector. The average gender wage 
differential is higher in the public sector than in the private sector: It is about 36 percent in the public sector, 
while it is about 26 percent in the private sector. 

Table: 4: Shares (distribution) and average daily wages, by gender, 2009-2010: 

Dependent Variables  Share (%)  Avg. daily wages (Rs.)  Avg. gender 
wage differential 
(%)  

Men  Women  Pooled  Men  Women  Pooled  

Sector – Rural/Urban 

Rural  34.80 36.20 35.00 251.00 162.78 234.99 54.19 

Urban  65.20 63.80 65.00 364.49 315.74 356.09 15.44 

Sector – Public/ Private 

Private  68.14 60.00 66.72 248.61 196.84 240.49 26.30 

Public  31.86 40.00 33.28 508.21 373.61 480.02 36.03 

Education Level 

Illiterates  6.23 14.69 7.72 146.51 87.12 126.67 68.16 

Primary & Below  14.07 12.22 13.74 157.71 96.65 148.18 63.17 

Middle  16.48 10.71 15.47 188.02 108.79 178.39 72.84 

Secondary  18.24 10.58 16.9 260.1 179.29 251.22 45.08 

Higher Secondary  11.66 9.38 11.26 324.12 225.1 309.64 43.99 

Graduate 
/Diploma  

25.58 29.97 26.35 496.23 395.29 476.08 25.54 

Postgraduate  7.74 12.45 8.57 652.84 526.03 620.48 24.11 

Occupations 

Managers/Legislators  4.52 1.57 4.00 734.7 764.87 736.78 -4.10 

Professionals  9.78 16.57 10.97 617.72 450.32 573.36 37.20 

Technicians/Assoc. 
Professional 

11.61 27.43 14.39 467.54 284.37 406.26 64.4 

Clerical  11.55 10.45 11.36 392.32 366.78 388.2 7.00 

Service/Sales  16.59 13.03 15.96 222.05 190.96 217.6 16.30 

Craft/Skilled 
Agriculture  

18.42 8.36 16.66 212.59 102.88 202.93 106.60 

Plant/Machine Opera  15.00 2.09 12.73 228.52 165.70 226.70 37.90 

Elementary  12.53 20.52 13.94 172.99 100.38 154.23 72.30 

Source: Khanna (2012) 

1. Gender Wage Gaps for Different Levels of Education: Education has been divided into 7 categories as given 
in Table 4. The table shows that there are differences in education levels by gender. While illiterates comprise 
about 8 percent of the sample, the share of illiterates among women is much higher (15 percent) than that for 
men (6 percent). As we move up the education scale, we see that for all levels of schooling, the proportions are 
larger for men than for women. At the very top of the education spectrum (university education), however, we 
see that almost 30 percent of all women are graduates or have diplomas, whereas the corresponding share for 
men is 26 percent. The proportion of women who are postgraduates is over 12 percent, but lower for men 
(about 8 percent). Thus, at the two extremes of the education spectrum, the illiterates and the university 
educated, the proportions are higher for women than men. As expected, as we move up the education scale, 
the average daily wages increase, for both men and women. To see how disparate average wages are for men 
and women, note that on average illiterate men actually get paid more than women who have completed 
middle school. Average gender wage differentials are much higher for lower levels of education, and are 
smallest for the university educated. 
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3. Gender Wage Gaps across Occupations: Table 4 also shows that the more predominant occupations for 
women are Professionals, Associate Professionals and Elementary occupations. Only a small percentage of 
women hold Managerial jobs. The three dominant occupation categories for men are the Crafts and Related 
Trades, Plant and Machine Operators and Services/Sales workers. Evidently, the occupational distribution of 
men and women is very different. Even though not many among women are employed in Managerial jobs, on 
average they get paid more than men working in similar occupations. The largest average wage gaps are found 
in Crafts and Related Trades, and Elementary occupations. 

Gender Wage Gaps Across Industries 

The NSS provides data on the industry in which a worker is employed using the National Industrial Classification 
(NIC) 2004 system. A five-digit industry category is given for each worker. This is extremely narrow and 
disaggregated to begin with. At the broader levels there are 62 divisions (two-digit classification) that are 
clubbed into 17 sections according to NIC-2004. These 17 sections are further clubbed into 11 broad categories 
presented in Table 5, which also presents summary statistics for the same. 

Table: 5 Shares (Distribution) & Average Daily Wages, by Industry, 2009-10: 

Dependent Variables Share (%) Avg. Daily wages (Rs.) Avg. gender wage 
differential (%) Men  Women  Pooled  Men  Women  Pooled  

Industry 

Agriculture  2.99 2.99 2.99 137.05 76.23 126.39 79.78 

Manufacturing/Mining  27.12 13.56 24.74 254.23 160.82 245.24 58.08 

Elec., Gas, 
Water/Construction 

4.72 1.62 4.18 362.79 468.04 369.96 -29.01 

Retail/Hotels  13.77 4.83 12.2 169.46 142.95 167.61 18.54 

Transport/Comm.  13.46 2.23 11.49 287.22 404.87 291.24 -40.96 

Fin. Intermediation  4.17 3.04 3.97 572.48 531.12 566.92 7.79 

Real Estate/Renting  4.33 3.83 4.24 494.69 440.45 486.1 12.31 

Public Admin. /Defense 13.69 10.40 13.11 477.66 360.3 461.32 32.57 

Education  10.36 33.35 14.39 446.32 304.36 388.58 46.64 

Health & Social Work  2.28 9.75 3.59 425.13 234.33 334.23 81.42 

Other Services  3.11 14.39 5.09 200.4 124.01 162.50 61.59 

Source: Khanna (2012) 

On average, Financial Intermediation is the most lucrative industry to work in, with the highest average wages, 
both for men and women. Gender gaps in this industry are only about 8 percent, whereas for low paying 
industries such as manufacturing wage gaps are close to 60 percent. Even though a very small proportion of 
women actually work in electricity, gas, water supply and construction, their average wage is greater than that 
of men. The same holds true for transport/communications/storage industries. For the biggest employer 
overall, that is, manufacturing industries, we see a relatively flat profile for gender log wage gaps across 
quantiles. 

Gender Wage Gaps Based on Caste, Membership, Contract and Job Type 

Table 6 shows that, among the regular wage salaried workers, a greater percentage of men in the sample belong 
to the category of “others” and other backward castes (OBCs), whereas a greater percentage of women belong 
to scheduled castes (SCs) and scheduled tribes (STs). Note that the average gender wage differential is greatest 
for the SCs at 66 percent, and it is less than 9 percent for others. At the bottom of the distribution, therefore 
SCs, STs and OBCs face higher gender wage gaps, whereas at the top end of the distribution, dominated by 
others category, gender wage gaps are lower. 

Table: 6Shares (Distribution) &average daily wages, by caste, membership, contract and job type in 2009-10: 
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Dependent 
Variables  

Share (%) Avg. daily wages (Rs.) Avg. gender wage 
differential (%)  Men  Women  Pooled Men Women Pooled 

Caste Profiles 

SC  16.41  19.7  16.99  262.19  157.93  240.96  66.02  

ST  4.77  5.15  4.83  289.64  213.64  275.44  35.57  

OBC  35.76  34.63  35.56  288.42  217.87  276.36  32.38  

Others  43.06  40.52  42.62  383.31  352.26  378.13  8.82  

Union Membership 

No Union  68.44  69.12  68.56  253.29  185.75  241.36  36.36  

Union Members  31.56  30.88  31.44  479.98  426.63  470.8  12.5  

Permanent Job 

Temporary  32.07  31.1  31.9  173.82  126.69  165.77  37.2  

Permanent  67.93  68.9  68.1  396.37  321.74  383.14  23.2  

Written Job Contract 

No Contract  63.75  60.1  63.11  245.2  195.39  236.94  25.49  

Contract  36.25  39.9  36.89  484.18  375.5  463.71  28.94  

Total 

Total  100  100  100  325  260.31  313.65  24.85  

Source: Khanna (2012) 

On an average, unionized workers earn far more than those who do not have union membership. And further, 
average gender wage differentials are far higher amongst those that do not belong to any union as compared 
to those who do. Almost 64 percent of men and 60 percent of women do not have any written job contract. 

Wage Rate of Individuals According to Age 

The women are supposed to constitute up to 80 per cent of the labour under MGNREGA, the average wage 
they receive is Rs.87.30, whereas, men who constitute only 20% of the work force are receiving Rs.90.93 as 
their wage. In case of salaried employees in rural areas, the wage differential is about 62%, whereas in urban 
areas, the difference tends to be about 32%. The wage differential is thus much more pronounced in rural areas.  

Table: 7 Wage rates (Rs./day) for persons of age 15-59 years (2009-10): 

All India Category of worker Rural  Urban 

Male Female Male  Female 

Casual labour in MGNREGA public works  90.93 87.20 - - 

Casual labour in other public works  98.33 86.11 - - 

Casual labour in other type of works  101.53 68.94 131.92 76.73 

Regular wage/ salaried Persons  249.15 155.87 377.16 308.79 

Source: Javeed and Manuhaar (2013) 

Average Salary Received According to Education Level 
The wage rate varies with the education level of a person. The level of education increases, the wage 
differentials start to decline in urban areas and increase in rural areas. Table 8 shows male-female wages 
according to the level of education. For the workers who are ‘Graduate and above’, the wage difference in urban 
areas is around 27%, but with the same education level the wage difference in rural areas is too high -  about 
70%. On an average, the wage difference vis-a-vis education level in rural areas is more than that found in urban 
areas. 

Table: 8 Average salary/day received according to education level (2009-10): 

All India 
general education level 

Rural Urban 

Male Female Male Female 
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Not literate 135.72 65.47 156.60 92.6 

Literate upto Middle 160.04 80.32 183.80 114.38 

Secondary and Higher 
Secondary 

267.14 151.54 293.26 237.61 

Diploma/Certificate 355.48 291.01 481.26 369.73 

Graduate and Above 403.05 285.98 634.92 499.98 

All 249.15 155.87 377.16 308.79 

Source: Javeed and Manuhaar (2013) 

2 Micro Evidences 

Reddy (2011) has studied the segmented rural labour market using data obtained from a large research project 
entitled “Village Dynamic Studies in South Asia (VDSA), in which ICRISAT research team collected a range of data 
from households of 18 selected villages from SAT India for the year 2010. The 18 villages in the VDSA studies of 
ICRISAT were selected from five states (Andhra Pradesh, Maharashtra, Madhya Pradesh, Gujarat and 
Karnataka), which represent the broad agro-climatic sub-regions in the semi-arid tropics of India. The data was 
collected by the residence field investigators located in each village by using standard questionnaire K- 
Employment Schedule of Village Dynamics Studies in South Asia. 

Wages According to Activities and Time of Work 

Wages varies according to type of work, activities and number of hours of work between male and female.Table 
9 describes the activities of rural males and females in the year 2010. Men reported 2340 hours, of which 
maximum hours worked was as paid worker (46%), followed by own-farm (19%), 14% each for own-domestic 
and own-livestock work. The women reported 2662 hours, of which they spent maximum hours (51% of hours) 
in domestic-duties, followed by paid-work (24%), about 10% each in own-farm and own-livestock work, while 
sick and unemployed days together constitute only 4%. Women’s major role in unpaid domestic-work compared 
to men resulted in more working hours. Overall, in economic activities, men reported more hours than women. 

Table: 9 Activities and wages of males and females, 2010: 

Work type /item  Female Male % over female 

(I) Hours with economic activities  1201 1882 56.7 

Paid work  640 1082 69 

Own farm  270 442 62 

Own livestock  265 328 24 

Other own  26 31 33 

(II)Hours with non-economic activities  1461 458 -68.7 

Domestic duties  1368 338 -75 

Seriously ill  47 31 -33 

Unemployed  46 88 83 

Hours with economic and non-economic 
activities (I+II)  

2662 2340 -12.1 

Wage income ( /year)  7920 27000 241 

Wage rate (/8 hours)  99 200 102 

Average level of education  5 8  

Source: Reddy (2011) 

If we consider both economic and non-economic activities, women work more hours compared to men. In paid 
work, women’s average wage rate is only Rs.99 per day of eight hours compared to the men’s wage rate of 
Rs.200 per day. Hence, the wage income per year for women is only 7920 compared to 27000 for men. The 
above figures demonstrate that the contribution of women is more in non-monetary activities. The less 
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contribution in monetary activities by women is due to social barriers in the rural society to enter paid work. 
However, the lower educational level among women (average was only 5th standard) compared to men 
(average was 8th standard) is also one of the causes for lower wage rates. 

Difference in Wages Due to Type of Work 

The wage differences between male and female also occurred in farm and non-farm work in India. The female 
workers spent more time in farm work, but get less wages than that of male.  

Table: 10 Types of Work, and Wages of Males & Females, 2010: 

Gender Type of work Hours/year Wage rate/day 
(Rs./8 hours) 

Total paid wage income per 
year (Rs./annum) 

Male Non-farm 812 222 22530 

 Farm 271 132 4470 

 Total 1082 200 27000 

Female Non-farm 267 107 3550 

 Farm 373 94 4363 

 Total 640 99 7920 

Source: Reddy (2011) 

An indication of segmentation of labour markets by gender in rural areas is that the women spent more hours 
in paid farm-work with lower wage rates, while men spent more hours in paid non-farm work with 
comparatively higher wage rate (Table 10). 

Wage Difference in Economic and Non-Economic Activities According to Educational Level 
Wage structure indicates that there is no significant increase in wages up to intermediate educational standard, 
but above that education level there is a steep increase in wage rates for both men and women. It may be seen 
in Table 11 that men’s involvement in paid work increases up to middle education level. Among women, paid 
work and work in economic activities reduces as education level increases. It indicates that the employment 
opportunities in paid-work were higher for middle educated men, while educated women do not get work. This 
is a reflection of the gender wise segmentation of labour with respect to education. It may also be noted that 
in rural areas work was available for only semi-skilled men like carpenter, two-wheeler/agricultural implement 
repair shop, electrician, brick workers, cleaners etc. Women find it difficult to get employment to 
commensurate with their higher education in paid-work due to entry barriers in terms of social rigidities and 
traditions. It is also to be noted that, women participate in the outside paid work largely determined by the 
head of the household, mostly men. The educated women also do not participate in casual labour as it is inferior 
employment and the head of the household thinks it adversely affects the dignity of the household (Table 11). 

Table: 11 Economic & Non-Economic Activities Undertaken by Males & Females as per Education Level, 2010: 
Gender/Education 
level 

Economic Activities  Non-Economic Activities Total 
Hours/yr Paid 

Work  
Own 
Farm 

Own 
Livestock 

Own 
Non-
farm 

Total Domestic 
Duties  

Sickness Unemployment Total 

Male 

Illiterate  1100  473  499  26  2098  365  26  134  525  2623  

Primary  1110  478  427  26  2041  355  26  103  484  2525  

Middle  1182  473  421  26  2102  396  26  103  525  2627  

High  1059  421  267  46  1793  308  21  87  416  2209  

Inter  997  391  175  41  1604  272  21  57  350  1954  

Graduate & above  977  370  195  21  1563  334  21  41  396  1959  

Total  1064  442  324  26  1856  350  26  93  469  2325  

Female 

Illiterate  833  319  344  31  1527  1239  57  57  1353  2880  

Primary  714  329  236  31  1310  1578  31  62  1671  2981  
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Middle  535  293  242  26  1096  1470  51  51  1572  2668  

High  416  211  211  26  864  1388  46  26  1460  2324  

Inter  391  206  144  21  762  1254  41  0  1295  2057  

Graduate & above  257  62  144  31  494  1018  31  46  1095  1589  

Total  627  262  262  26  1177  1336  51  51  1438  2615  

Source: Reddy (2011) 

The total reported work-hours (include both economic and non-economic activities) are inversely related to 
education, as with higher education, work opportunities reduce in rural areas. This indicates that most of the 
rural employment is informal, inferior, not organized, semi-skilled and does not require higher education. The 
higher educated prefer to be unemployed rather than to engage in inferior employment. It is also true that the 
skill sets of the educated rural youth do not match the local needs and they also lack entrepreneurial skills 
required to start new businesses in rural areas. Recruiting local youth as teachers, nurses, and health workers, 
etc., would improve the pathetic condition of rural youth in India. 

Concept of Glass Ceiling and Sticky Floor in Relation Gender Gap 

Glass ceiling is defined as wage gap which are found to higher at upper end of wage distribution, whereas sticky 
prices represents the wage gap which is higher at lower ends of wage distribution. The glass ceiling 
phenomenon in relation to wages was first time introduced by Albrecht et al.,2003. He interprets a glass ceiling 
as an increasing gap in log wages of two groups as one moves from lower to higher quantiles, with a sharp 
acceleration at the upper tail of the distribution. The sticky floor effect is characterized by larger gender (log) 
wage gaps at lower quantiles of a distribution and smaller (log) wage gaps at the top of the distribution i.e., a 
declining wage gap across the distribution. In India, the minimum wage difference occurs not only with in the 
state but also with in the industry. To bring out uniformity in the minimum wage structure, the National Floor 
Level Minimum Wage was introduced by Ministry of Labour and Employment in early nineties. It is the minimum 
wage across the country and frequently revised with the rising prices. 

Conclusion 

Gender gap exist in each economy, the degree and level of gap varies across different countries. The central 
and state government must ensure that minimum wage law should not violated in the country. The analysis of 
formal labour market found that wage gaps were found to be lower for university educated individuals and 
higher for illiterates. The wage gap was higher in elementary occupation, whereas less gap was found in high 
paying occupation. Based on the area type, rural areas were more prone to wage differences than that of urban 
areas. The men participate more in economic activities and get higher than women. There is huge gap between 
monetary income between men and women, even though women work more hours if we take into account 
both economic and non-economic activities.  

The level of education and experience have little influence on choice of occupation and quality of employment, 
especially among women. Still, majority of employment is provided by the technologically backward sectors, 
like agriculture and traditional occupations. Most of the educated women engaged in domestic duties remain 
unemployed due to social barriers to enter into commensurate employment opportunities. The new emerging 
sectors, like repair of mobile phones, electric motor, computers, tractor drivers, etc., also help the semi-skilled 
workers to gain wages and employment. A few higher educated are also able to earn incomes in nearby urban 
areas. This increases dynamism in rural labour markets and increases returns to education.  

Some of the policy recommendations are: 
1. Enhancing the ownership of assets, like land and irrigated area, by providing loans which will increase hours 
worked in economic activities. 
2. Enhancing semi-skilled and middle education group in rural areas, so it may take advantage of growing 
employment in service sector and new emerging occupations like repair of mobiles, electric motors, computer 
centres, etc. 
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3. Ensuring strict adherence to minimum wage laws. 
4. Focusing on secondary, higher secondary, and college education for girls.  
5. Emphasizing on women empowerment by reducing social rigidities to improve women participation in 
economic activities. Reducing social rigidities is a gradual process that takes time. It may be accentuated by 
giving vocational training to women within the framework of social norms. Enabled women have more potential 
to become empowered, initially by gaining financial independence, and gradually by gaining confidence in their 
own abilities. 

References 
1. Booth, L.A. (2003). “Is There a Glass Ceiling in Sweden?” Journal of Labour Economics, 21(1): 145-177. 
2. Azam, Mehtabul, Prakash, Nishith (2010), “A Distributional Analysis of Public Private Wage Differential in India", IZA Discussion Paper No. 5132  
3. Cain GG (1976). “The challenge of segmented labour market theories to orthodox theory: A Survey,”Journal of Economic Literature, 14(4): 1215-

1257.  
4. Dixit, Avinash K. (1973). “Models of Dual Economies,” in James Mirrlees and Nicholas Stern, eds., Models of Economic Growth: Proceedings of 

a Conference Held by the International Economic Association at Jerusalem. (New York: International Economic Association).  
5. Esteve-Volart, Berta (2004) “Gender Discrimination and Growth: Theory and Evidence from India,” London School of Economics and Political 

Science. 
6. Fields, G. S. (2006). “Employment in Low-Income Countries: Beyond Labour Market Segmentation” 
7. Goldin, Claudia, 1994, “The U-Shaped Female Labour Force Function in Economic Development and Economic History”, Working Paper No. 

4707, National Bureau of Economic Research. 
8. Javeed, Shayan  and Manuhaar, Anupam (2013).  “Women and Wage Discrimination in India: A Critical Analysi,” International Journal of 

Humanities and Social Science Invention ISSN. Volume 2 Issue 4: 06-12 
9. Khanna, Shantanu (2012). “Gender Wage Discrimination in India: Glass Ceiling or Sticky Floor?,” Delhi School of Economics. 
10. Kingdon, G. G. and Unni, J. (2001). "Education and Women's Labour Market Outcomes in India," Education Economics 9(2): 173-195  
11. Kumar, Arun, Sangeetha Prushothaman, Simone Purohit, Padma, and Anil Kumar, 1999, “Women Workers: Inequalities at Work - Report of the 

Survey of Women Workers’ Working Conditions in Industry”, Best Practices Foundation, Bangalore, India 
12. Kuznets, Simon (1955). “Economic Growth and Income Inequality,” American Economic Review 45: 1-28.  
13. Lanjouw, P. (2001) “Nonfarm Employment and Poverty in Rural El Salvador,” World Development, 29, 529-547.  
14. Lee, L. F. (1983). “Generalized econometric models with selectivity,” Econometrica: Journal of the Econometric Society, 507-512.  
15. Lewis, W. Arthur (1954). “Economic Development with Unlimited Supplies of Labour,” Manchester School, 22: 139-191.  
16. Oaxaca, Ronald L. & Ransom, Michael R. (1994) “On discrimination and the decomposition of wage differentials,” Journal of Econometrics, 

Elsevier, vol. 61(1), pages 5-21, March.  
17. Oaxaca, Ronald L. (1973), “Male-Female Wage Differentials in Urban Labour Markets”, International Economic Review 14: 693-709.  
18. Poterba, J. M., & Summers, L. H. (1995). “Unemployment benefits and labour market transitions: A multinomial logit model with errors in 

classification,” The Review of Economics and Statistics, 207-216.  
19. Reddy AA and Kumar P. 2006. “Occupational Structure of workers in Rural Andhra Pradesh,” Journal of Indian School of Political Economy. 

18(1&2): 77-91.  
20. Reddy, AA. 2011a. “Under-employment and Work among Women in Rural Andhra Pradesh,” The Journal of Income and Wealth, Vol. 33, No. 2, 

Pp. 89-108. 
21. Reilly, B. and Dutta, P.V. (2005), “The Gender Pay Gap and Trade Liberalization: Evidence for India”, Poverty Research Unit at Sussex Working 

Paper, 3  
22. Rosenzweig, Mark (1988). “Labour Markets in Low Income Countries,” in Hollis Chenery and T.N. Srinivasan, eds., Handbook of Development 

Economics, Volume 1. (Amsterdam: North Holland).  
23. Schultz, T.W. (1961). “Investment in Human Capital,” American Economic Review. LI: 1-17. 
  



 

 
Volume 3 - Issue 01 - January 2021       281 | P a g e  
 

Application of Nanotechnological Tools and Techniques in Food 
Safety 

Article ID: 10089 
Lokesh Kumar Saini1, Susheel Singh2, Udit M Nakarani2 

1Food Quality Testing Laboratory, NM College of Agriculture, Navsari Agricultural University, Navsari- 396450 
(Gujarat). 

2Unit-4, Pesticide Residue Analysis, National Agricultural Higher Education Project, Centre for Advanced 
Agricultural Science and Technology, Navsari Agricultural University, Navsari- 396450 (Gujarat). 

 

Introduction 

Nanotechnology is the science of manipulating materials on atomic or molecular level and at least one 
dimension between 1 to 100 nm, which are known as the nano-scale. At nano-scale bulk material’s physico-
chemical as well as biological properties may vary in considerable ways. The role of nanotechnology in food and 
agro industries are continuously increases with the time. 

The nano-material based technology is one of the rapidly budding technology which impacts every phase of the 
present agriculture and food sector from cultivation of crop to their production, storage, processing, packaging, 
transportation, shelf life and bio-fortification of nutrients. The unique and novel characteristics of nano-
materials also impact on their commercial applications in food and agricultural related industries. Among the 
633 existing nanotechnologies based nano-materials and nano-devices, 55 are available and used for agriculture 
and food sciences (Belluco et al., 2018). 

The uses of nano-materials in food products are always associated with health concern for public because 
human exposure of these nano-materials to human is increasing at present and will continue to increase in 
future. So, the acceptance of nano-material containing food and related products by the people directly linked 
with their safety. Therefore, taking these under consideration it is necessary a constant watch on 
nanotechnology-based product regarding safety issue by an international or national regulatory body. 

Nano-Materials and Nano-Devices in Food Safety 

The safety of the food products is one of the important issues in food industries. According to a recent report, 
about 45% of processed and packaged food products are prone to degradation and contamination (Monteiro 
et al, 2018). Nanotechnology has played a positive role in solving the various types of issues related to the safety 
and quality of food products. At present, different types of nano-materials and nano-devices are used for the 
improvement of the quality and safety of food products. 

Nanosensors 

There is a huge potential of nanosensors to speed up the detection limit of molecules, their identification and 
quantification like foreign molecules, pathogens and allergy causing proteins in food products. It is extremely 
sensitive to spoilage of food and also indicates minute changes in food color or gases formed when the food is 
spoiled. 

The gold-based nanoparticles are used for the detection of aflatoxin B1 from milk. In agriculture, nanosensors 
are also used to point out the pesticides present on the surface of fruits and vegetables. Some nanosensors are 
able to identify the carcinogens in food materials. 

In food microbiology, nanosensors are efficiently used to alert the distributors and consumers on the safety 
status of food because it can precisely point out the presence of pathogens in food products (Bose, 2020). 
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Nanotracers and Nanomonitors 

Nanotracers have the capacity to observe potential risks of exposure; therefore, these are beneficial in safety 
and bio-security of food. A nanoparticle monitor like aerasense has ability to detect and quantify the actual 
concentration, size and surface area of nanoparticles in period of time. Nanotracers device can also helpful in 
personal exposure assessments, nanoparticle pollution monitoring at workplaces. So, these nano-devices are 
applicable to assess the risks in food chain at each level (APFI, 2017). 

Nanocomposites 

Nanocomposites are formed by the combination of nanoparticles with polymers. These nanocomposites play a 
supportive role to preserve the quality of food commodities like in case of carbonated drinks; these 
nanocomposites behave as gas barrier which decrease the CO2. Nanocomposites are also utilized at 
manufacturing industries level instead of cans and glass bottles to cover the bottles and save cost in the process. 
Nanocomposites also significantly enhance the shelf-life of the food product (Bose, 2020). 

Nanoparticles 

Nanoparticles are used in food processing industries to enhance the food stability and colour maintenance of 
food product. Silicate nanoparticles restrict the moisture leakage in packaging containers by restrain the flow 
of oxygen. This ensures that food products remain fresh for a longer period. Some nanoparticles selectively bind 
to pathogens, which can remove altogether during processing. Nanoparticles also check the biofilm formation. 
Inorganic nanoparticles confirm the significant antibacterial properties when used in lower concentrations and 
having more stability in extreme conditions as compared to other antimicrobial products. Therefore, 
manufacturers have recently shown an enormous interest in use of these nanoparticles in antimicrobial 
packaging of food products (Bose, 2020). 

Macro Evidence of Wage Gaps 

Table 1 shows that average gender wage differential worsened from 30 percent in 1999-2000 to about 34 
percent in 2004-2005, followed by a sharp fall to 25 percent in 2009-2010. While average wage differentials are 
typically reported as summary measures, it has been demonstrated above that average log wage gaps are not 
representative of log wage gaps at various quantiles of the distribution. 

Nanoencapsulation 

Some bioactive compounds found in food materials often get degraded and ultimately inactivated in the intense 
environmental conditions. These bioactive compounds in food products enhance the shelf life of food by 
declining the degradation rate or by complete inhibiting the degradation process until the compound reaches 
its target site. Therefore, nanoencapsulation of these bioactive compounds in food materials are compulsory. 
For example, curcumin, a highly unstable bioactive compound found in turmeric is stable at various ionic 
strengths after their encapsulation (Bose, 2020). 

Nanocoating and Nanolaminates 

In nanocoating there is a uniform nanoparticles layer of about 10–100 nm in thickness. However, nanolaminates 
used to cover food products which consist more than one layer of nanoscale materials. Recently, scientists have 
developed a potential nanocoating film that is capable to detect minor contaminations at the time of storage. 
The edible nanocoating are available for various food products that could make available an obstruction to 
moisture and gaseous exchange; as a result, it preserves the flavours, colours, antioxidants, anti-browning 
agents and enzymatic activity. The shelf life of food products is also increasing with the help of nanocoating 
even though package is opened. The nano TiO2 based photo-indicator is used as an indicator that gradually 
changes the colour in response to oxygen concentration (Bose, 2020). 
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Nanobarcodes 

Nanobarcodes are utilized for the safety labelling, monitor the distribution of packed food materials, tagging as 
well as security purpose. Two-dimensional barcode systems are used worldwide for the visual authentication 
of products; still, these barcodes can be easily distorted, falsified and scratched. To resolve these problems, in 
recent time some new nanoparticle and nanodisk based unique invisible barcode systems have been developed 
to verify the authenticity of various food materials (Jung et al., 2018; Wang et al., 2015). 

Nanotubes and Nanofibers 

The Single walled and multiple walled carbon nanotubes are utilized in the pathogen’s detection in food 
products due to their capacity to immobilize antibodies. Due to the large surface area of the nanotubes, it can 
be exploited to enhance the sensitivity of immune sensor up to six time thus reducing the detection limit of 
staphylococcal enterotoxin B. Carbon nanotubes with allyl isothiocyanate in cellulose-based food packaging 
have antimicrobial effects up to 40 days. The nanotubes are also able to tolerant the heat as well as mechanical 
stress, and enhance the ability of food product to storage. Biofilm formation due to bacterial cells; stick together 
and secrete different polymeric extracellular matrix compounds which is impenetrable is also inhibited by 
nanofibers by the formation of a filter membrane in food industries (Forier et al., 2014). 

Conclusion 

The uses of nanotechnological tools and techniques in food safety have lot of benefits and expected to grow 
with time. This newly emerging and fast developing science impacts each and every aspect of the food system 
during production to processing, packaging, transportation, storage by enhancing the safety of the food product 
in various ways like utilization of nano-materials and nano-devices. Application of nanotechnological tools and 
techniques at industrial level will also rise in future due to their unique and novel characteristics.  
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Like the field crops, mushrooms are attacked by several pests, sciarids flies, phorid flies, cecids, springtails, mites 
and nematodes are important pests of cultivated mushrooms throughout the world. These pests damage the 
crop right from spawning to harvesting of the crop. Mushrooms being the indoor crop provide a very suitable 
habitat for the insect pests due to which pest remains protected from the vagaries of the weather. Mushrooms 
flies, besides spreading various mushroom diseases, take heavy toll of the crop every year. Therefore, measures 
should be taken to prevent the entry of insect pests, mite and nematode into the cropping rooms. However, 
chemical method of pest control should be taken as last step rather than the first. The important insects, mites 
and nematodes pests of buttons mushroom is discussed below. 

Sciarids Fly 

Sciarids are major pest of mushroom throughout the world. These are delicate flies of small or medium size, 
often bearing resemblance to gnats or midges and exceedingly numerous in individuals and species. Upwards 
of 2000 species are known and the geographical range of the family is very wide. 

 

Sciarids can cause up to 50% loss in yield. Damaging stage of the pest is larvae. Larvae feed on compost, 
mushroom mycelium and mushrooms. Through the consumption of compost by the larvae, PH of the substrate 
changes which slows down the growth of mushroom mycelium. As the infestation by the larvae is often in 
groups, bare patches without mushrooms can be seen on the beds. After the sporophore formation, larvae 
enter the mushrooms and start feeding and tunnel within a stipe. Eventually they reach the pileus and feed 
vigorously. When larval attack occurs at pin head stage, further development of pinheads completely stops and 
pins eventually die. Agaricus bisporus is more susceptible than A. bitrquis. Sciarids are known to spread many 
mushroom diseases. They act as vector of Veticillium fungicola and bacteria carrying mites. Under laboratory 
conditions, sciarids were found to transmit 84-100%. 80-100, 100%, 76-100% and 4-100% V. fungicola, 
Sepedonium chrysosprmum, Trichoderma viride, Papulosporea byssina and Mycogone perniciosa, respectively. 

Phorids 

These are small hump backed black or light to dark brown flies measuring 1.6-2.0 mm in size. These flies are 
diminutive of house flies. These flies move rapidly with jerky movements. In case of button mushroom phorids 
can cause up to 46% loss in yield. In oyster mushrooms, particularly during rainy season phorids have been 
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observed to cause 100% loss in yield. Phorids flies are also known to transmit various diseases of mushrooms. 
Dry bubble disease of mushroom caused by Verticillium fungicola is readily transmitted in laboratory by M. 
malterata. Phorid, may cause greater economic threat as a vector of the sticky spores of V. fungicola than by 
the damage to mushroom mycelium caused by its larvae. Under laboratory conditions, Megaselia sp. was found 
to transmit76-100% of V.fungicola, 100% each of Trichoderma viride. Phorids also act as vectors of mites. 

 

Cecids 

Cecids are orange-coloured larvae of Mycophila speyeri damaging button mushrooms. Adult cecid is dark 
brown, tiny midge 0.7-1.5 mm. Larvae are spindle shaped, 1.5-2.8 mm white or orange in colour. 

 
Larvae feed on mycelium and make vertical grooves in the stipe. They feed on the outside of stipe at the junction 
of stipe and gills. Presence of bacteria on the skin causes brown discoloured strips on the stipe and gills. Delicate 
gill tissues break down to produce tiny pustules of black fluid. Young larvae also feed on exuding sap. Cecids can 
cause up to 50 % spoilage of mushroom. 

Springtails 

Springtails cause serious damage to oyster mushroom in Rajasthan and button mushroom in Punjab.  Adults are 
silver grey to ground colour with light violet band along including appendages is 0.7-2.25 mm. Abdomen is 4-6 
segmented. An antenna is 3-6 segmented. 

Springtails damage oyster, button, shiitake and milky mushrooms. The springtail feed on mycelium in compost 
resulting in disappearance of mycelium from spawned compost. They also attack fruiting bodies of button 
mushroom and cause slight pitting or browning at feeding sites. In oyster and shiitake, they feed on grills 
resulting in destruction of gill linings. They also congregate at the base of stipe and eat mycelia strands. 

Management 

1. Physical methods: 
a. Hygiene and sanitation: Hygiene is the primary method of pest control in mushroom farming. It is the 
foundation upon which success of  all other control techniques depends. The objectives of any hygiene 
programme include exclusion of pests and diseases from production cycle, elimination of pests and 
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pathogens and destruction of pest and disease present in a crop at its termination. Such measures help 
to reduce the contamination level and ensure clean start for subsequent crops. Sanitation focuses on 
elimination or killing a pest. Routinely removing stumpage from the rooms where the crop is growing is 
a sound sanitary practice. Sanitary practices are designed not only to remove mushroom pests but to 
kill significant crop threats.   
b. Screening of doors and ventilators: Mushroom flies can easily pass-through ordinary wire screen and 
enter the mushroom house to breed on spawned compost and mushroom beds. Screening of doors and 
ventilators with nylon net of 35 or more than 35 mesh can effectively check the entry of flies in the 
cropping rooms. 
c. Light trap: Polythene sheets coated with sticky material and attached to a fluorescent strip light in 
each cropping room help in controlling adult flies. Insects are attracted to white light above 15 W and 
too yellow light at lower temperature. 
d. Poison baiting: Poison baiting with Baygon diluted with water (1:10) with addition of little sugar is an 
effective method of fly control in cropping rooms.  
e. Disposal of spent compost: The spent compost and casing material contain the insects, mites and 
nematodes. Dumping the spent compost and casing material in moist and shady places helps it to 
become ideal substrate for breeding of pests. Putting this material in the compost pit and covering it 
with at least 10 cm thick layer of manure helps to check the fly breeding. 

2. Chemical methods: Treatment of compost and casing material: For treatment of compost, Lindan  20EC@20 
ml per 1000 kg of straw after dilution in water is thoroughly mixed in the compost material at the last turning. 
If flies are observed before casing, 15ml of Lindane diluted in water is mixed well in100 Kg of ready to use casing 
material. Chlorpyriphos at 50 ppm in compost and at 25 ppm in casing effectively controls the larval population. 
However, increase in dosage level reduces the yield considerably.  

3. Biological control: Basically, biological control aims at pest control by the use of parasites, predator and 
pathogens. 

a. Predators: Predators are organisms that consume their prey either partially or entirely. The typical 
insect predators include midges, beetles, bugs and mites. For mushroom insect pests, mites hold the 
greatest promise. Mites are known to be predacious on Diptera, Acarina and Nematoda. 
b. Parasites: Parasites normally develop within their host over a period of time before eventually killing 
it. The main group of interest is Namatoda, which invade their host and are classified ad parasites. Three 
nematode genera namely, Howardula, Steinernema and Heterorhabditis have been reported parasitic 
on a large number of insect pests. In mushroom pest control, most researches have been done on S. 
feltiae and H. bacteriophora which have been shown parasitic on sciarids, phorids and cecids. S. 
carpocapsae alone can infect more than 250 species of insect products have been developed and some 
of them are being used by mushroom growers to control pest. Application of strains Sc and Sn of 
Steinernema feltiae (0.5 x 1.0 x 106 infective juveniles / m2 cropping area) effectively checks the larval 
population. 
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Introduction 

As countries are taking stronger measures to contain the spread of COVID-19, self-quarantine and the 
temporary closing of businesses may affect normal food-related practices. Healthy individuals, as well as those 
showing acute respiratory disease symptoms, are being requested to stay at home. In some countries, 
restaurants and take-away offers are being limited and some fresh items are becoming less available. Good 
nutrition is crucial for health, particularly in times when the immune system might need to fight back. Limited 
access to fresh foods may compromise opportunities to continue eating a healthy and varied diet. It can also 
potentially lead to an increased consumption of highly processed foods, which tend to be high in fats, sugars 
and salt. Nonetheless, even with few and limited ingredients, one can continue eating a diet that supports good 
health. 

Make a Plan - Take Only What You Need 

Multiple cases of over-purchasing have been observed throughout the World. Panic buying behaviour may have 
negative consequences, such as an increase in food prices, overconsumption of food and an unequal 
distribution of products. It is therefore important to consider your own needs, as well as those of others. Assess 
what you already have at home and plan your intake. You might feel the need to purchase large amounts of 
foods, but make sure to consider and utilize what is already in your pantry, as well as foods with shorter shelf 
life. This way you can avoid food waste and allow others to access the food they need. 

 

Be Strategic About the Use of Ingredients - Prioritize Fresh Products 

Use fresh ingredients and those that have a shorter shelf life first. If fresh products, especially fruits, vegetables 
and reduced-fat dairy products continue to be available, prioritize these over non-perishables. Frozen fruits and 
vegetables can also conveniently be used over longer periods of time and often have a similar nutrient profile 
to fresh foods. To avoid food waste, you may consider freezing any leftovers for another meal. 

Prepare Home-Cooked Meals 

During regular daily life, many individuals often do not have the time to prepare home-cooked meals. Spending 
longer periods of time at home may now offer the possibility to make those recipes you previously did not have 
time to make. Many healthy and delicious recipes can be found online. Take advantage of the wealth of freely 
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available information, and experiment with the ingredients you can access, but remember to keep in mind the 
principles for healthy eating offered in this guidance. Some examples of healthy recipes with accessible 
ingredients may also be found below. 

Take Advantage of Food Delivery Options 

Home-cooked meals should be prioritized, some cities and countries have rather advanced delivery systems for 
ingredients and ready meals, and many businesses are now starting to offer this service. Some solutions include 
“contact-less” options, where no human interaction is required, thus supporting self-quarantine and isolation 
measures. These should be prioritized, particularly from reliable businesses following strict food hygiene 
requirements. For food delivery and transportation, it is important to keep food at safe temperatures (below 5 
°C or above 60 °C). Keeping in mind that these services might be overwhelmed, you might want to consider 
exploring what is available in your area. 

Follow Safe Food Handling Practices 

Food safety is a prerequisite for food security and a healthy diet. Only safe food is healthy food. When preparing 
food for yourself and others, it is important to follow good food hygiene practices to avoid food contamination 
and food borne diseases.  

The key principles of good food hygiene include: keep your hands, kitchen and utensils clean separate raw and 
cooked food, especially raw meat and fresh produce cook your food thoroughly. Keep your food at safe 
temperatures, either below 5 °C or above 60 °C; and use safe water and raw material. By following these five 
key recommendations for safer food, you can prevent many common foods borne diseases. 

Limit Your Salt Intake 

The availability of fresh foods may decrease and it may therefore become necessary to rely more on canned, 
frozen or processed foods. Many of these foods contain high levels of salt. WHO recommends consuming less 
than 5 g of salt per day? In order to achieve this, prioritize foods with reduced or no added salt. You may also 
consider rinsing canned foods such as vegetables and beans, to remove some of the excess sodium. 

Be aware that pickled foods often contain high levels of sodium too. In many countries, 50–75% of the salt 
intake comes from the foods we eat, rather than what we add ourselves. Given that you might be consuming 
enough salt already, avoid adding extra salt when cooking and to your meals at the table. Experiment with fresh 
or dried herbs and spices for added flavour instead. 
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Limit Your Sugar Intake 

WHO recommends that ideally less than 5% of total energy intake for adults should come from free sugars 
(about 6 teaspoons)? If you crave something sweet, fresh fruit should always be the priority. Frozen fruits, 
canned fruits in juice rather than syrup, and dried fruits with no added sugar are also good options. When other 
dessert options are chosen, ensure that they are low in sugar and consume small portions. Watch out for low 
fat options, as these are often high in added sugars. Limit the amount of sugar or honey added to foods and 
avoid sweetening your beverages. 

Limit Your Fat Intake 

WHO recommends limiting total fat intake to less than 30% of total energy intake, of which no more than 10% 
should come from saturated fat? To achieve this, opt for cooking methods that require less or no fat, such as 
steaming, grilling or sautéing instead of frying foods. If needed, use small amounts of unsaturated oils like 
rapeseed, olive or sunflower oil to cook foods. Prefer foods that contain healthy sources of unsaturated fats, 
such as fish and nuts. To limit saturated fats, trim excess fat from meat and poultry and choose skinless options. 
Reduce foods such as red and fatty meats, butter and full-fat dairy products, palm oil, coconut oil, solid 
shortening and lard. 

Avoid Trans fats as much as possible. Read nutrition labels to ensure that partially hydrogenated oils are not 
listed in the ingredients. If food labels are not available, avoid foods which commonly contain Trans fats such 
as processed and fried foods, like doughnuts and baked goods – including biscuits, pie crusts, frozen pizzas, 
cookies, crackers and margarines that include partially hydrogenated fat. If in doubt, minimally processed foods 
and ingredients are better choices. 

Consume Enough Fibre 

Fibre contributes to a healthy digestive system and offers a prolonged feeling of fullness, which helps prevent 
overeating. To ensure an adequate fibre intake, aim to include vegetables, fruit, pulses and wholegrain foods in 
all meals. Whole grains foods include oats, brown pasta and rice, quinoa and whole-wheat bread and wraps, 
rather than refined grain foods such as white pasta and rice, and white bread. 

Stay Hydrated 

Good hydration is crucial for optimal health. Whenever available and safe for consumption, tap water is the 
healthiest and cheapest drink. It is also the most sustainable, as it produces no waste, compared to bottled 
water. Drinking water instead of sugar-sweetened beverages is a simple way to limit your intake of sugar and 
excess calories. To enhance its taste, fresh or frozen fruits like berries or slices of citrus fruits may be added, as 
well as cucumber or herbs such as mint, lavender or rosemary. Avoid drinking large amounts of strong coffee, 
strong tea, and especially caffeinated soft drinks and energy drinks. These may lead to dehydration and can 
negatively impact your sleeping patterns. 

Avoid Alcohol Consumption 

Alcohol is not only a mind-altering and dependence-producing substance, harmful at any level consumed, but 
it also weakens the immune system. Thus, alcohol use and especially heavy use undermines your body’s ability 
to cope with infectious disease, including COVID-19 Alcohol consumption is also known to increase symptoms 
of depression, anxiety, fear and panic – symptoms that can intensify during isolation and self-quarantine. 

Enjoy Family Meals 

The social distancing associated with the COVID-19 outbreak has meant that many families are spending more 
time at home, which provides new opportunities to share meals together. Family meals are an important 
opportunity for parents to be role models for healthy eating, and for strengthening family relationships. 
Increased time at home during this period may also present new opportunities to involve children in cooking 
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healthy foods, which can help them acquire important life skills that they can carry into adulthood. Letting 
children choose what vegetables to include in your meal may encourage them to eat them at the table. When 
involving children in cooking, it is important to keep meals simple and to teach children about proper food 
safety (including hand washing, cleaning surfaces and avoiding consumption of certain raw ingredients). 

Conclusions 

In COVID-19 pandemic, the people should focus on food habits and take healthy nutritive low-calorie food which 
can be easily digested in minimum efforts. Diet and sleep management is essential in the lockdown period as 
physical exertion is very less. Proper diet care helps to improve immunity, due to which everyone will be able 
to fight against virus and enhance the quality of life. So, one should be safe and eat safe. 
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Introduction 

Scientific Name:  Hylocereus undatus 
Common Name:  Strawberry pear, Dragon fruit, Night blooming cereus. 
Family:   Cactaceae 
Origin:   South, Central and North America. 
Climate:   Pitaya grows well in tropical and subtropical climates. 

Dragon fruit is considered as a heavenly fruit on the earth. It has very attractive colour and mellow mouth 
melting pulp with black colour edible seed embedded in the pulp along with tremendous nutritive property 
which attract the growers from different part of India to cultivate this fruit crop. It is eaten as fresh or dried 
fruit, as a vegetable, as a fodder, as a natural colouring agent in various drinks and beverages, as a pectin source. 
Fruit is named as pitaya because of the bracts or scales on the fruit skin and hence the name of pitaya meaning 
‘‘the scaly fruit’’. 

Description 

Nutritional Value: The red flesh is rich in antioxidants. The pitaya fruit is rich in vitamins and minerals. 

Pitaya Fruit: Nutritional value per 100g 

Ash 0.68g Iron 0.65mg 

Carotene 0.012g Fat 0.6g 

Phosphorus 36.1g Fiber 0.9g 

Protein 0.229g Water 83.0g 

Calcium 8.8mg Riboflavin 0.045mg 

Niacin 0.43mg Ascorbic 9.0mg 

Flower: The pitaya flower is white, extremely showy, edible, fragrant and bell shaped, about 1ft long and 9 
inches wide. It is a night blooming flower. Unopened flower buds can be cooked and eaten as a vegetable; 
opened flowers can be used for tea. 

 

Pollination: Artificial cross pollination between the different types planted, ensures better fruit set and size. To 
ensure good fruit production, plant 2 or 3 different species. To artificially pollinate a plant, use a paint brush to 
transfer the pollen grains to the stigma early in the morning, or during the evenings before the flowers close. 

Fruit: The fruit is a fleshy berry, which is oblong with red and yellow scaly peel. The flesh may be red or white 
depending on the species. Seeds are very small, numerous and black, embedded within the flesh. The red flesh 
varieties contain lycopene which is a natural antioxidant known to fight cancer, heart disease, and lowers blood 
pressure. 
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Production 

Varieties: 
Hylocereus undatus—white flesh with pink skin,  
Hylocereus polyrhizus– red flesh with pink skin,  
Hylocereus costaricencis – with violet red flesh and pink skin and  
Hylocereus (Selenicerus) megalanthus – white flesh with yellow skin. 

Propagation: Seedlings are slow growing, and unreliable for propagation – Healthy mature stem segments of 6 
- 15 inches are used. A slanted cut is made at the stem base, this is left in a shaded area for about 5-7 days to 
dry and heal before being planted out directly in the field. 

Soil: Pitaya can be grown in a wide range of soils. Soils that are well drained and high in organic matter are 
recommended. 

Support Structures: Pitaya plants grow quite large, spreading outward from the main stem. A strong support 
structure should be established to avoid snapping of the matured plant parts. Type of support structures used 
are concrete posts, bamboo or wooden sticks, old tyres, coconut trees, fence and rock or wall. 

 

Spacing: 
Plants are spaced: With the concrete posts - 8ft X 10ft. 

Planting: Plant the cured cuttings directly into the soil at a depth of at least 1½ - 2 inches. Provide a stake as 
support for the new plants, e.g., wooden or concrete posts, a wall or a fence.  

Fertilizing: Well composted manure 1-2 lbs/plant at planting, (beginning in April) and every four months after. 
Do not apply more than 3 ½ -5 oz NPK fertilizer per plant per year. 

Irrigation: Pitaya belong to the Cactus family and tolerate dry conditions. A dry period is necessary for the plant 
to flower, however as the fruit matures, water is needed to increase the fruit set and fruit weight. 

Training: The main stem has to be trained for it to be able to use the support structure. Tie the stem to the 
support structure as it grows. Once this stem reaches the top of the support, cut the tips to induce branching 
and tie again to the support. 

Pruning: Pruning may induce flowering and stem branching. Pruning is done to remove all damaged, diseased 
or dead stem and any stem that touches the soil. Pruning is also done after harvesting is completed or it can be 
done 1 - 3 times per year. 
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Harvesting: These plants start bearing fruits in the first year itself. Generally, these plants start flowering in May 
to June months and bears fruits from august to December. Forty to forty-five days (40-45 days) after fruit set, 
the mature fruit turns a full red or yellow colour. Pitaya fruits are due for harvesting when a hole appears inside 
the cavity of the fruit and the wings turn red. Some species are thorny and wearing a pair of leather gloves at 
harvesting is recommended. The fruits are to be carefully removed from the plants taking care not to damage 
the skin. Pitaya fruits can be kept at room temperature for more than 7 days, and in plastic bags in the 
refrigerator for about 24 days. 

Pests and Diseases: Birds, thrips and mealybugs present some damage for pitaya. Anthracnose is the major 
disease that is of concern. 

Physiological Problems: 
a. During the rainy season, particularly so in areas with sandy soil, the mature pitaya fruits must be 
harvested on time to prevent the fruits from absorbing excess water which causes them to split open. 
b. Always use a shield when applying gramoxone or any herbicide to avoid damaging the plant. 
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Introduction 

This Coffee is one of the most popular beverages in the world. Nearly 25 million farmers in 50 countries around 
the world depend on coffee for a significant part of their livelihoods (Cague et al. 2009). The genus coffee 
belongs to the botanical family of Rubiaceae and comprises more than 90 different species (Davis, 2001). The 
characteristic, rich and pleasant aroma and colour of coffee brews is a result of complex processes leading from 
green coffee beans to the cup of coffee. 

Harvesting and Processing 

Coffee fruits should be picked as and when they become ripe to get better quality. Arabica comes for harvesting 
earlier since they take 8-9 months for fruit development from flowering while robusta takes 10-11 months. 
Picking is done by hand. The first picking consists of selective picking of ripe berries often seen in the outer 
portion of the node and is called fly picking. Thereafter, there will be 4-6 main picking at 10-15 days intervals 
and final harvest i.e., stripping consists of picking of still remaining green berries on the plant. Coffee is 
processed in two ways a) Wet processing to prepare plantation or parchment coffee and b) dry method by 
which cherry coffee is prepared. 

1. Preparation of parchment coffee:  
a. Pulping: This method requires pulping equipment and adequate supply of clean water. Fruits should 
be pulped on the same day to avoid fermentation before pulping. Fruits may be fed to the pulper 
through siphon arrangements to ensure uniform feeding and to separate lights and floats from sound 
fruits. The pulped parchment should be sieved to eliminate any unpulled fruits and fruit skin. The skins 
separated by pulping should be let away from the vats into collection pits so that microbial 
decomposition of the skin will not affect the bean quality when it gets mixed up with the bean. 

b. Demucilaging and washing: The mucilage on the parchment skin can be removed by: 
i. Natural fermentation: The mucilage breaks down in the process of fermentation and it take 
24 to 36 hours for arabica and 72 hours for robusta. Cool weather delays the process of 
fermentation. Under fermented or over fermented beans affect quality. When correctly 
fermented the mucilage comes off easily and the parchment does not stick to the hand after 
washing and the beans feel rough and grittly when squeezed by hand. When the mucilage 
breakdown is complete, clean water is let in and the parchment washed pebble clean with three 
to four changes of water. 

ii. Treatment with alkali: Removal of mucilage by treatment with alkali takes about one hour for 
arabica and one and a half to two hours for robusta. The beans obtained after pulping are drained 
off excess water and spread out in the vats uniformly and furrowed with wooden ladles with long 
handles. A 10% solution of caustic soda (sodium hydroxide) is evenly applied into the furrows 
using a water can. 10 litres of the alkali are sufficient to treat 25 to 30 forlits (one forlit = 40 litres) 
of parchment. The parchment is agitated thoroughly by the ladles so as to make the alkali to 
come into contact with the parchment and trampled by feet for about half an hour. When the 
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parchment is no longer slimy and makes a rattling noise, clean water is let in and the parchment 
washed clean with three or four changes of water. 

c. Removal of mucilage by friction: There are machines, which pulp and demucilage the beans 
in one operation. However, a number of naked and bruised beans may result in the parchment. 
It is, therefore, necessary to adjust the machines carefully to obtain uniform pulping and 
demucilaging. 

Drying: The next stage is drying the parchment in the sun until the moisture content is sufficiently 
reduced to permit storage of beans till, they are dispatched to curing works. Proper drying 
contributes to the healthy colour of the bean and other quality factors. Under dried parchment 
turns mouldy and gets bleached during storage and subsequent curing operations. 

The parchment is spread on clean tiled or concrete drying floor to be dried slowly by spreading to a thickness 
of about 7 to 10 cm. stirring and turning over coffee, at least once an hour, is necessary to facilitate uniform 
drying. The parchment should be heaped up and covered in the evening until next morning. Sun drying may 
take about 7 to 10 days under bright weather conditions. At the right stage of dryness, the parchment becomes 
crumbly and the beans split clean without a white fracture when bitten between the teeth. Drying is complete 
when a sample forlit of coffee records the same weight for two days consecutively. At this stage, coffee is shifted 
to the stores and bagged in clean, new gunnies. When coffee is being dried, all naked beans, pulper nipped and 
bruised beans, blacks, greens and other defective beans are sorted out and dispatched to curing works 
separately. 

2. Preparation of cherry: For preparation of cherry coffee, fruits should be picked as and when they ripe. Greens 
and under-ripe fruits should be sorted out and dried separately. The fruits should be spread evenly to a thickness 
of about 8 cm on clean drying ground in which the cherries are stirred and ridged at least once every hour. The 
cherry is dry when a fistful of the drying cherry produces a rattling sound when shaken and a sample forlet 
records the same weight on two consecutive days. The cherry should be fully dry at the end of 12 to 15 days 
under bright weather conditions. 

Conclusion 

The coffee industry relies on microbiology and fermentation processes to allow coffee beans to develop specific 
characteristics linked to the coffee variety, the process used, and the conditions in drying and storage. The 
drying step in coffee processing is of critical importance for preserving the intrinsic quality characteristics of the 
coffee. All these aspects must be tackled to improve the quality of the coffees and try to assure the availability 
of high-quality coffee beans. Source: (Coffee Board of India). 
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Summary of Article 

Rice bran is by-product of milling of brown rice which is rich in different micronutrients, macronutrients, 
vitamins and bioactive compounds. It is very helpful to reduce the chances of cardiovascular disease, lowering 
cholesterol level, colon cancer and diabetes. It has many dietary applications like making rice flour, cookies and 
rice bran oil which is very good for health. 

Introduction 

Rice is the major and popular staple food in Asian region which provides energy and rich in nutrients. Large 
scale Global rice production (645 million tonnes) produces huge amount of rice’s by-products (Al-Okbi et. al., 
2014). Milling of paddy produces 70% rice endosperm which is the major product and 20% rice husk, 8% rice 
bran and 2% rice Germ as by – products (Wells, 1993). Rice bran constitutes 5-10% which produces by polishing 
the brown rice. Rice brown is the hard part of grain consists of pericarp, aleurone and subaleurone fractions. 
Annual global rice bran production is 76 million tonnes. 

 

Chemical and Nutritional Components of Rice Bran 

Rice bran is rich in dietary fibre, carbohydrates, protein, B vitamins, minerals as well as essential fatty acid in 
rice bran oil and also contains wide range of photochemical. 

Macronutrients 

Rice bran is consisting of carbohydrate varied between 25.91% and 47.14%, fat (19.4-30.45%) and protein (13.6-
19.5%). 

Nutrient (%) Rice bran (Autoclaved) Rice bran (Parboiled) 

4% milling 
degree 

8% milling 
degree 

4% milling degree 8% milling degree 

Moisture 5.13±0.05a 4.96±0.15a 5.02±0.20a 5.60±0.10a 

Ash 7.68±0.01b 7.65±0.05b 10.84±0.75a 11.08±0.75a 

Fat 19.50±0.01c 19.40±0.75c 30.45±0.25a 25.50±0.10b 

Protein 14.69±0.25a 13.60±0.55b 15.10±0.35a 13.60±0.15b 

Crude fibre 7.80±0.15b 7.25±0.75b 12.68±0.25a 9.80±0.10c 

Carbohydrate 45.20±0.75b 47.14±0.25a 25.91±0.75d 34.42±0.75c 

Dietary fibre (g/100 g) 23.3±0.05a 22.4±0.75a 23.5±0.15a 20±0.25b 

Soluble fibre (g/100 g) 2.1±0.75a 1.9±0.05a 2.2±0.00a 2.0±0.75a 

Mean values in the same row with different superscript lowercase letters (a-d) are significantly different at 
p<0.05 | Source: (Rosniyana et. al., 2009) 
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Micronutrients 

Rice bran is rich in many vitamins (Thiamin, Riboflavin etc.) and minerals (Ca2+, Mg2+ etc.). Vitamins component 
of stabilized rice bran with different degrees of milling: 

Nutrient (mg/100 g)  Rice bran (Autoclaved)  Rice bran (Parboiled)  

 4% milling degree  8% milling degree  4% milling degree  8% milling degree  

Thiamin  2.4±0.25a  2.3±0.05a  2.4±0.75a  2.2±0.05a  

Riboflavin  0.25±0.05c  0.27±0.75b  0.3±0.75a  0.29±0.05a  

Niacin  30.0±0.25c  36.0±0.25b  37.0±0.75a  37.0±0.05a  

Pyridoxine  3.4±0.75d  3.7±0.05c  4.2±0.15a  4.0±0.75b  
Minerals component of stabilized rice bran with different degrees of milling. 

Nutrient (mg/100 g)  Rice bran (Autoclaved)  Rice bran (Parboiled)  

 4% milling degree  8% milling degree  4% milling degree  8% milling degree  

Calcium  54±0.05b  55±0.15b  62±0.70a  61±0.75a  

Magnesium  823±0.25d  845±0.15c  952±0.25a  940±0.25b  

Sodium  24±0.25b  25±0.15b  28±0.05a  28±0.75a  

Potassium  1170±0.25c  1200±0.75b  1350±0.75a  1340±0.25a  

Phosphorus  1180±0.05b  1830±0.25a  1710±0.25b  1800±0.15a  

Iron  14±0.75d  19±0.75c  23±0.15b  30±0.25b  

Source: (Rosniyana et.al.,  2009) 

Phytochemicals 

Rice bran is non-nutritive chemicals of such as phenolic acids, flavonoids, anthocyanins and steroidal 
compounds which are health-promoting effects. Bioactive compounds in rice bran: 

Phenolic acids  Anthocyanins, flavonoids  Steroidal compounds  

Caffeic acid 
Coumaric acid 
Catechin 
Ferulic acid 
Gallic acid 
Hydroxybenzoic acid 

Anthocyanin monomers, dimers 
and polymers 
Apigenin 
Cyanidin glucoside 
Epicatechin 
Hesperetin 

Acylatedsteryl glucoside 
Campesterol ferulate 
γ-Oryzanol 
β-Sitosterol 
Tocopherol 
Tocotrienol 

Source: (Friedman, 2013) 

Health Benefits 

1. Antioxidant Properties: rice bran contains antioxidants such as polyphenols, tocopherols, tocotrienols and 
γ-oryzanol which protect the body from oxidative damage. 
2. Anticancer Effect: rice bran containing Inositol is effective to reduce cancer in  mammary gland, colon and 
lung. 
3. Anti-Hypercholesterolaemic Effect: rice bran containing tocotrienol-rich fraction can effectively reduce the 
blood cholesterol level. 
4. Anti-Hyperlipidaemic Effect: phytic acid in rice bran very much effective to reduce the lipid cholesterol and 
triacylglycerol in serum which reduces the chances of cardiovascular diseases. 
5. Anti-Diabetic Effect: intake of stabilized rice bran can effectively reduce the type 2 diabetes. 
6. Anti-Allergic Effect: rice bran is significant to reduce the allergic reaction due to histamine and β-
hexosaminidinase. 
7. Anti-Inflammatory Effect: feruloyl esters of triterpene alcohols derived from rice bran shows anti-
immflamatory reaction. 
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Applications of Rice Bran 

1. It is used for full-fat bran, defatted bran, rice bran oil and protein concentrates. 5% and 10% are acceptable 
quality for bread making.  It can be used as emulsifier such as coffee whiteners, toppings, beverages, 
confectionary, meat and bakery products (Hamada, 2000) as well as in liquid foods like milk and other drinks. It 
is used for low-fat and high-fibre bakery products.  
2. Torticas, a Cuban bakery is producing from the parboiled rice bran. Stabilized rice bran is used for Bread, 
Cookies, Pizza, Beverages and tuna oil.  
3. Rice bran oil (RBO) commonly known as healthy oil’ which is good substitute of vegetable oil containing 
oryzanol, omega-3 and omega-6 fatty acids as well as non-saponifiable components. 
4. Oryzanol of rice bran act as anti-aging protecting from UV- light. It is also used in pharmaceutical industry 
due to high medicinal value and therapeutic applications. 

   

Rice Bran Flour Rice Bran Oil Rice Bran Cookies 

Anti-Nutrient Effect of Rice Bran 

1. Phytic acid of rice bran reduces the accumulation of different nutrients due to anti-nutritional factors like 
trypsin inhibitor, lectins and phytic acid or also known as phytate. Phytic acid chelates the minerals like calcium, 
zinc and iron and combines with the protein and starch leading to the reduction bioavailability of these minerals. 
2. Haemagglutinin-lectin binds with the specific carbohydrate receptors of intestinal wall which lowers the 
nutrient availability while the trypsin inhibitors reduce the availability of trypsin enzyme activity in the digestive 
tract. 

Conclusion 

In terms of composition, nutritional profile and functional ingredients rice bran is very useful and many 
applications. It is rich in many vitamins, minerals, high dietary fibre and low saturated fat. It is also very helpful 
to reduce risk of cardiovascular diseases and colon cancer. It is very good alternative as a diet with low price 
which can be afforded by anyone. 
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Introduction 

Genetic diversity has to be evaluated in order to establish breeding strategies and to manage genetic resources. 
SSR markers have been already efficiently used for studies of genetic diversity, mapping, and variety 
identification in different crops. Molecular markers such as SSR markers have more advantages for plant variety 
identification over the more traditionally used morphological and biochemical markers because of their 
independence from environmental influences, high level of polymorphism and their almost unlimited 
availability. The first application of SSR markers in plants has been in cultivar identification. The main criterion 
for their use is that they are highly polymorphic, co-dominant, and evenly distributed throughout the genome. 

Genomic DNA Extraction 

DNA was extracted from the young and healthy leaves by cetyl trimethyl ammonium bromide (CTAB) method 
with certain modifications.2-3 weeks and fifteen days old fresh leaves were taken for genomic DNA extraction. 
100mg of the leaf tissue was taken and grinded by using pestle and mortar and then put this extract into 2 ml 
of eppendorf tube which contain 700µl of extraction buffer (CTAB buffer). The eppendorf tubes were placed in 
water bath which were set at 65˚C for 45 minutes and then shaken well after 10 minutes. An equal volume of 
Phenol: Chloroform: Isoamyl alcohol (25:24:1) were added to the tube and slowly  mixed by inverting the tubes 
for 10 minutes. The samples were centrifuged at 12,000rpm for 15 minutes. The supernatant (upper phase) was 
transferred into fresh tubes. Equal volume of chilled Isopropanol was added to the supernatant and stored at -
200C for 15 minutes. Centrifugation was done at 13,000 rpm for 10 minutes. The supernatant was discarded 
and the pellets were washed with 70% ethanol (200µl) and then centrifuged at 10,000 rpm for 5 minutes and 
then air dried the pellet.  100µl of molecular biology grade water was added to dissolve the pellet and stored 
at -200C for further use. 

SSR Analysis 

SSR primers synthesized at IDT (Integrated DNA Technologies, USA) were used for studying polymorphism 
among different crop genotypes. PCR amplification was carried out in 96 well Universal Gradient Thermal Cycler  
in a 25 µl reaction mixture. The reaction mixture contained 3 µl DNA template, 2.5 µl of each forward and 
reverse primers, 0.5 µl of Taq polymerase, 4 µl of 10X PCR buffer with MgCl2, 2.5 mM of each dNTP (dTTPs, 
dGTPs, dCTPs, dATPs) and     10 µl sterile water (Oyenike et al, 2015) [2].  

PCR amplifications were performed as follows: Initial denaturation of 4 min at 94 0C followed by denaturation 
of 35 cycles at 94 0C 1 min, annealing at 50–55 0C 1min followed by extension at 72 0C for 2 min and a final 
extension of 7 min at 72 0C. PCR products were mixed with loading dye (3–4 µl). PCR products resolved on 3% 
agarose gel were visually examined under UV and documented using gel documentation system. Gels were 
visually scored and scanned for records. The clear and reproducible alleles amplified by each SSR among 
genotypes were scored according to their fragment size (bp) corresponding to the 100bp molecular weight 
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marker. Amplified fragments were scored as present (1) and absent (0) generating the 0 and 1 matrix and 
Polymorphism Information Content (PIC value) was calculated by using the following formula. 

PIC(Polymorphism Information Content)  = 2fi(1-fi)  
Where, fi = frequency of bands present  
         1-fi = frequency of bands absent 

Pair- wise similarity between the genotypes was estimated using Jaccard’s similarity coefficient. Cluster analysis 
based on unweighted pair-group method with arithmetic averages (UPGMA) clustering algorithm was 
performed by using NTSYS-pc version 2.02e to obtain a dendrogram. The dendrogram generated from SSR data, 
the genotypes grouped in clusters. Principal component analysis (PCA) of genotypes using SSR markers revealed 
as observed by UPGMA based clustering (Pooja et al, 2018) [1].Results and Discussion Allelic variation based on 
microsatellite markers SSR polymorphisms in the genotypes were measured in terms of major allele frequency, 
numbers of alleles, gene diversity, and Polymorphism Information Content (PIC) was analysed using the Power 
Marker software ver. 3.23. 

Conclusion 

SSR markers are efficient for assessment of genetic variation and are more informative for detecting genetic 
diversity of geographical locations in the crop. Understanding the genetic diversity among the different 
genotypes is a good starting point for establishing and maintaining collections, germplasm banks and proper 
characterization of different genotypes in order to preserve the natural diversity. The SSR proved helpful for 
estimating the magnitude of genetic diversity at molecular level and also established genetic relatedness among 
genotypes. On the basis of banding pattern, SSR was effectively used for molecular characterization of 
genotypes. Therefore, there is need to support morphological diversity. It opens new perspectives towards 
conservation of genetic resources and their further use in breeding programme. 
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Introduction 

Aquaponics is a newest system for the production of food. It is the combination of aquatic animals raising viz., 
fish, snails and prawn in tanks called aquaculture and cultivating plants in water called hydroponics, 
symbiotically. In this system the nutrient rich aquaculture waste water is utilized by hydroponic grown plants 
by involving nitrifying bacteria for the conversion of ammonia into nitrates. 

It is most popular over individuals, educators, entrepreneurs and governments. With this type of indoor 
farming, one can grow more food sustainably with less water, land and labour than the traditional agriculture. 
It can be established anywhere easily. 

 

How it is Natural and Sustainable? 

Aquaponics is natural completely as it acts as natural water sources on earth. The only input in an aquaponics 
is fish food. The fish eat food and excrete waste, which in high concentration becomes toxic to the aquatic 
animals but this contains nutrients essential for plant growth, is converted by beneficial bacteria to nutrients 
that the plant can use. The water becomes purified, as the nutrients are consumed by the plants. One can’t use 
herbicides, pesticides or other chemicals in an aquaponics system, which helps to make the plant and fish 
healthful and safe to eat. 

Parts of an Aquaponic System 

Aquaponics system consists of two principal parts: aquaculture part for raising aquatic animals and hydroponics 
part for growing plants. Except these two parts, this system usually consists several subsystems or components 
responsible for the effective operation of the system. Typical components include: 
1. Raking tank: The tank for raising and feeding the fish. 
2. Settling basin: for settling out fine particulates and catching uneaten food this unit is developed. 
3. Biofilter: A place where the nitrification bacteria can grow and convert ammonia into nitrates, which may 
usable for the plants. 
4. Hydroponics subsystem: it is the portion of aquaponics system where, through absorbing excess nutrients 
from the water plants are grown. 
5. Sump: The lowest point of the aquaponics system from where water is pumped back to the rearing tank. 

In order to reduce the cost of this system, the settling basin, biofiltration unit and hydroponics unit may be 
united into a single unit/subsystem. 
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Live Components 

There are three basic live components viz., plants, fish (or other aquatic creatures) and bacteria. Some systems 
also include additional live components like worm. 
1. Plants: Green leafy vegetables are well adopted in this system, including lettuce, Chinese cabbage, 
watercress, basil and spinach. Other plants such as tomatoes, cucumbers and peppers have higher nutrient 
requirement and will do well only in mature aquaponic systems with high stocking density of fish. Plants, 
commonly used in salads have the greatest success in aquaponics system i.e., cucumber, lettuce, tomatoes, 
Shallots, red salad, capsicum, snow peas and onions. 

2. Fish: With the view of ability to tolerate crowding, in aeroponics system freshwater fish are the most 
commonly raised, although freshwater prawn and crayfish are also used sometimes. In practice, Tilapia are the 
most popular fish for home and commercial production because it is warm water fish species that can tolerate 
crowding and changing water conditions. Many other fish species are also used in this system viz. Barramundi, 
Murray cod, eel-tailed catfish, jade perch and silver perch. 

3. Bacteria: In an aquaponics system nitrification, an aerobic conversion of ammonia into nitrates is an 
important activity, which reduces the toxicity of water for fish and releases nitrate compound that is used by 
the plants for nourishment. In the presence of combined population of two types of bacteria ammonia can be 
converted into safer nitrogenous compounds viz. Nitrosomonas (converts ammonia into nitrites) and 
Nitrobacter (then convert nitrites into nitrates). 

Guidelines for Aquaponics System 

According to Dr. James Rakocy (2010) there are ten primary guiding principles for the operation of a successful 
aquaponics system based on extensive research done as part of the agricultural experiment station aquaculture 
program. 
1. Control pH. 
2. Use a feeding rate ration for design calculations. 
3. Keep feed input relatively constant. 
4. Supplement with Calcium, Potassium and Iron. 
5. Ensure good aeration. 
6. Remove solids. 
7. Be careful with aggregates. 
8. Oversize pipes. 
9. Use biological pest control. 
10. Ensure adequate biofiltration. 

Benefits of Aquaponics 

1. Low susceptibility to pests and diseases. 
2. The primary inputs to the system are fish food and water. 
3. Environmentally responsible with low water and power usage. 
4. Use 1/6th of the water to grow 8 times more food per acre compared to traditional agriculture. 
5. Efficient, sustainable and highly productive. 
6. Produce is free pesticides and herbicides. 
7. Fish are free of growth hormone and antibiotics. 
8. Eliminates soil borne diseases. 
9. Combined with controlled environment agriculture, one can grow year-round in any climate. 
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Introduction 

The world’s leading fibre and commercial crop, ‘cotton’ belongs to genus Gossypium, their species and family 
Malvaceae. Cotton is generally known as the “king of fibre” and also called as “White Gold.” It is one of the most 
momentous and important cash crops exercising profound influences on economic and social affairs of the 
world as well as of India. Cotton is grown in 75 countries in the world, of which United States, China and India 
contribute about 80 per cent of total yield in the world. India ranks first in area and second in production of 
cotton in the world. It plays a vital role in the national economy by contributing 29.8 per cent of India’s 
agricultural gross domestic production. Cotton crop covered 12.58 million hectares area with a production of 
370 lakh bales with productivity of 499.76 kg/ha in India during the year 2017-18 (Anonymous, 2020). 

Cotton is a sub-tropical plant with indeterminate to semi determinate growth habit with simultaneously 
vegetative and reproductive growth. The growth habit of present hybrids coupled with high availability of 
nutrients and assured moisture can encourage excessive vegetative growth. This can lead to severe production 
problems like fruit abortion, delayed maturity, boll rot and difficulty in harvesting. 

By introducing the Bt gene in hirsutum species for control of bollworms, Bt hybrids have become popular among 
farmers. Bt hybrid cultivated on commercial scale, the cotton production in country has reached to 31 million 
bales with increase in productivity. In Bt cotton vegetative growth is restricted due to 100% setting of fruiting 
bodies on the plant. Thus, agronomic requirement like growth regulator needs vary for Bt cotton. 

Plant growth regulators like promoters, inhibitors or retardants play a key role in internal control mechanism 
of plant system by interacting with key metabolic processes such as nucleic acid and protein synthesis. They 
reduce the vegetative growth of a plant by modifying the production of plant hormones such as gibberellins, 
auxins and cytokinins. The most commonly used growth regulator in cotton is mepiquat chloride, which 
decreases vegetative growth by reducing gibberellic acid formation and increases yield. Mepiquat chloride is an 
anti-gibberellin that inhibits cell expansion but not cell division. 

Experienced Consequences of Mepiquat Chloride 

The soil of the experimental plot was loamy sand in texture, low in organic carbon and available nitrogen, 
medium in available phosphorus and high in potassium status, five mepiquat chloride treatments i.e. M1 : 
Mepiquat chloride @ 0.2 ml/lit (3 spray at 45, 60 and 75 days after sowing), M2 : Mepiquat chloride @ 0.2 ml/lit 
(2 spray at 45 and 60 days after sowing), M3 : Mepiquat chloride @ 0.4 ml/lit (3 spray at 45, 60 and 75 days 
after sowing), M4 : Mepiquat chloride @ 0.4 ml/lit (2 spray at 45 and 60 days after sowing) and M5 : Control 
(no spray) were tested with three replications. 

Among different mapiquat chloride treatments, plant height recorded significantly higher with the control (no 
spray) treatment. The decrease in plant height of cotton plants sprayed with mepiquat chloride could be due to 
the interference of this chemical as growth regulator in gibberellic acid biosynthetic pathway. The reduced 
number of gibberellins in the plant system affects the growth and decrease plant height. The present results 
corroborate with the findings of Kaul et al. (2016) and Prakash and Korekar (2017). 
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Sympodial branches/plant and sympodial length at 50% height as well as yield attributes of Bt cotton i.e. 
number of bolls/plant, average boll weight and seed cotton yield/plant recorded significantly higher with three 
spray of mepiquat chloride @ 0.4 ml/lit at 45, 60 and 75 days after sowing followed by two spray of mepiquat 
chloride @ 0.4 ml/lit at 45 and 60 days after sowing. In addition, mepiquat chloride might have completely 
counteracted the effect of abscisic acid and thus reduced the shedding of reproductive structures over control. 
The present result corroborates with the findings of Deol et al. (2018). 

The increase in yield might be because of spray of mepiquat chloride and cumulative effect of a greater number 
of sympodial branches per plant and number of bolls per plant as compared to rest of treatments. Mepiquat 
chloride have been shown to increase the rate of photosynthesis by increasing size of mesophyll cells and 
chlorophyll content in leaves of cotton thereby leading to more rapid exchange of CO2 into mesophyll cell by 
virtue of their large surface area. Mepiquat chloride also increased the source sink ratio and sympodial 
branches. Spray of mepiquat chloride favourably affected on the development and retention of fruiting bodies, 
so increased seed cotton yield. These results are in conformity with the results reported by Malakannavar et al. 
(2018) and Deol et al. (2018). 

Three spray of mepiquat chloride @ 0.4 ml/lit at 45, 60 and 75 days after sowing ranked top in terms of seed 
cotton yield (kg/ha). It produced 28.83 per cent higher seed cotton yield than control treatment in pooled mean. 
However, stalk yield (kg/ha) of cotton found significantly highest with control (no spray) treatment while lowest 
value of stalk yield (kg/ha) was recorded with three spray of mepiquat chloride @ 0.4 ml/lit at 45, 60 and 75 
days after sowing. Harvest index also recorded significantly higher with three spray of mepiquat chloride @ 0.4 
ml/lit at 45, 60 and 75 days after sowing. 

 
Fig. 1: Effect of mepiquat chloride on seed cotton yield (kg/ha) of Bt cotton, M1: Mepiquat chloride @ 0.2 
 ml/lit (3 spray at 45, 60 and 75 days after sowing), M2: Mepiquat chloride @ 0.2 ml/lit (2 spray at 

 45 and 60 days after sowing), M3: Mepiquat chloride @ 0.4 ml/lit (3 spray at 45, 60 and 75 days after 
sowing), M4: Mepiquat chloride @ 0.4 ml/lit (2 spray at 45 and 60 days after sowing), M5: Control (no 

spray). 

No any significant effect was found on quality parameters i.e., ginning percentage and oil content due to 
mepiquat chloride treatments, while oil yield (kg/ha) was significantly highest with three spray of mepiquat 
chloride @ 0.4 ml/lit at 45, 60 and 75 days after sowing. This might be due to mepiquat chloride treatment 
doing not have any effect on the ratio of lint to seed. These results are in conformity with the results reported 
by Kaul et al. (2016). In oil seeds, the synthesis of oil in the seed is a function of genetic makeup of hybrid and 
is not much altered. The increase in oil yield in mepiquat chloride treatments might be due to higher seed cotton 
yield (kg/ha) recorded, which is directly related with oil yield (kg/ha). These results confirmed with the finding 
of Sawan (2014). Various treatments of mepiquat chloride did not exert their significant effect on organic 
carbon, available N, P2O5 and K2O status of soil. 
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Introduction 

Transposable elements (TEs) can be defined as parasitic DNA, have the ability to spread themselves throughout 
genomes, causing disruption of gene function and driving genome evolution. Also known as “selfish genetic 
elements” represent a remarkably diverse group, some exist in multiple locations in the genome, others at 
unique sites, some are nuclear genes and others reside in organelle or symbiont genomes. Transposons encode 
the enzymes ‘transposonases’ or ‘transposases’ required for transposition of mobile genetic elements. Any 
alteration in the transposonase gene may abolish the transposition process.   

In the late 1940s, Barbara McClintock studied the chromosome breakage in maize, that led her to discover a 
chromosome-breaking locus that could change its position within a chromosome. That further led to the 
discovery of such mobile elements (Ac and Ds), now known as transposons. She also found that depending on 
where they inserted into a chromosome these mobile elements could reversibly alter the expression of other 
genes. 

Types of Transposons 

Although there are many kinds of transposable elements (TEs), they fall into a small number of general classes. 
The three classes of TEs that are present in plant genomes are discussed below. 

Class I elements: These elements are retrotransposons. In plants, they are the most common class of element 
and can make up the bulk of many genomes. Retroelements transpose via a ‘copy-and-paste’ mechanism in 
which mRNA transcribed from the element by RNA polymerase II (RNA Pol II) is converted into a cDNA by reverse 
transcription and then integrated by an integrase enzyme at a new position in the genome. Class I elements are 
further divided into long terminal repeat (LTR) retroelements and non-LTR retroelements, which differ in the 
mechanism of integration (the mechanism for LTR retroelements, which predominate in plants, is shown in the 
figure). Autonomous retroelements encode all of the necessary proteins for transposition. Nonautonomous 
retroelements require the presence of enzymes encoded by intact autonomous elements. In plants, the most 
common nonautonomous retroelements are short interspersed nuclear elements (SINEs). 

Class II elements: These elements transpose via a ‘cut-and-paste’ mechanism in which the element is physically 
excised from the chromosome and reintegrated at a new location, a process that involves the transposase 
enzyme encoded by the TE. Effective replication is achieved owing to host repair of the double-strand break 
caused by excision of the element. In plants, the most common class II elements include members of the hAT 
(hobo, Activator and Tam3), CACTA and Mutator-like element (MULE) superfamilies. Nonautonomous versions 
of these elements carry the minimum sequences necessary for transposition in the presence of autonomous 
elements. These elements, which often constitute the vast majority of class II elements in a given genome, can 
be either deletion derivatives of autonomous elements or sequences that share similarity with autonomous 
elements only at their termini.  

Class III elements: The most common nonautonomous elements in plant genomes are miniature inverted-
repeat transposable elements (MITEs) or class III elements. MITEs as DNA transposons, are widely distributed 
in plant and animal genomes. Many studies have suggested that retrotransposons act as translational 
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regulators; however, it remains unknown how host mRNAs are influenced by DNA transposons. Ghd2 is a MITE 
in rice regulates important agronomic traits, including grain number, plant height and heading date. 
Furthermore, other MITEs in the 30-UTRs of different rice genes exhibit a similar effect on translational 
repression, thus suggesting that MITEs may exert a general regulatory function at the translational level. 

Contribution of TEs to Genome Evolution 

Type of contribution  Examples for evolution 

Genome structure Genome size 

Chromatin organization 

Genome maintenance Centromere maintenance 

Telomere maintenance 

Generation of variation Copy number variation 

Structural variation 

Ectopic recombination 

Evolutionary innovation Gene duplication 

Novel regulatory networks 

Epigenetic regulation 

Response to stress 

Speciation 

Position of Insertion of TEs and its Effects 

The insertion of transposons is in the intronic region means then by the process of alternative splicing event, 
the novel splice sites can be produced. TE insertion disrupting the canonical splice site means then it produces 
polyadenylation signal. The mRNA got destabilized due to the insertion process means then the gene expression 
is automatically reduced. If it is introduced in the 5' or 3' region of a gene then it causes alteration in the 
expression of genes. 

Conclusion 

Transposable elements act as novel genetic tool for modification of the stress response in plants, also leads to 
alteration in structure, function and evolution of plant genomes. 
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Abstract 

Transition from subsistence farming to commercialisation has been one of the key focus of the policy makers.  
Though encouraging progress on this front has been made at the macro level, there is significant variation across 
states. In this paper we identify the key factors that lead to variation in market surplus across states. 

Introduction 

Commercialisation in agriculture is a process by which farms increase their engagement with input and output 
markets  as they move away from integrated or subsistence farming systems to specialized crop production 
(Pingali & Rosegrant, 1995). Over the years, Indian agriculture has significantly moved towards 
commercialisation.  The marketed surplus ratio of rice has increased from about 60 per cent in mid-nineties to 
about 80 per cent in the recent years while in case of wheat it has increased from about 55 per cent to nearly 
75 per cent during the same period.  

However, despite the encouraging progress evident at the macro level, there is significant regional disparities 
in the rates of commercialization. Regions that benefited from the Green Revolution witnessed significant 
movement towards commercialisation, while in regions where agro-climatic risks were high, production 
systems remain semi-commercial due to lower surpluses. The transition from subsistence and semi-commercial 
farming to commercialized farming requires linkages to factor markets to access credit, inputs (seeds, fertilizer 
and pesticides) and technology (Pingali et. al, 2019). 

A marginal surplus or marginal deficit in the availability of foodgrains in a country like India has a significant 
effect on the price level, farmers income and welfare (Sharma, 2016). The marketed surplus is as important as 
total production in influencing market prices. In this paper, an attempt has been made to identify the 
determinants of market surplus of rice and wheat. The following section discusses the concept of market surplus 
used by several researchers. The subsequent section shows the key determinants of market surplus and finally 
section 4 concludes the paper. 

Defining Marketed and Marketable Surplus 

In some of the early studies on food grain marketing in developing countries, three concepts of marketed 
surplus are generally found - gross marketed surplus, net marketed surplus and marketable surplus 
(Narain,1961; Krishna,1962; Krishnan,1965; Raquibuzzaman,1966; Sharma and Gupta,1970; Farruk,1970; 
Bhargava and Rustogi, 1972; Rahman, 1980; Harriss, 1982; Hussein and Rajbanshi, 1985). In most of the studies, 
production, consumption, sales and purchases have been considered as elements in defining marketed or 
marketable surplus. The three concepts of marketed or marketable surplus as used by researchers is defined 
below: 

1. Gross marketed surplus is generally defined as sales as a share of current gross output. However, some 
researchers also used net output, i.e., after deduction for `seed, feed and waste' as the base rather than the 
gross output.  

2. Net marketed surplus is calculated as sales minus purchases as a share of gross or net output. The net 
marketed surplus in this case refers to the size and share of net output available for non-producing consumers 
and where applicable for export after inter-farm sales are netted out. Marketing studies have shown that 
producers sell as well as buy for a variety of reasons; e.g.: 
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a. Some  farmers sell after harvest to meet immediate cash needs and buy back later. 
b. Some farmers buy because they do not produce enough for own consumption. 
c. Some farmers sell certain variety that they do not like or prefer and buy back those they do. Such 
transactions occur between producers or between producers and various market agents (Jabbar, 2010).  

3. Marketable surplus is measured to assess whether a producer has the real capacity to sell above own 
consumption needs, irrespective of whether the producer actually sells or not. Negative marketable surplus 
implies sales that are of distress nature and arise due to compelling cash needs that cannot be generated 
otherwise. Positive marketable surplus allows farmers to secure food and protect food security under 
conditions of price uncertainty or volatility. However, in fully market-oriented production systems, the 
importance of marketable surplus as a concept becomes less relevant because it is assumed that the producer 
produces only those commodities that have a market and are profitable. 

The distinction between marketed and marketable surplus have huge welfare implications. There are very few 
studies in India which have used the two concepts distinctly. Most researchers use the two terms 
interchangeably.  This is because there is limited information in public domain on the potential capacity of the 
farmers to sell over and above the consumption needs.  Accordingly, in this paper, gross marketed surplus as 
reported by the Ministry of Agriculture is used for further analysis. 

Determinants of Marketable Surplus 

Indian agriculture over the years has become increasingly market oriented. In the early 1950s, about 30-35% of 
food grains output was marketed, which has increased to more than 70% in the recent years.   Clearly, farmers 
depending on subsistence agriculture is declining.  However, market orientation in a large producing and 
consuming country, like, India, depends on the geographical dispersion or concentration of production. While 
consumption of rice and wheat is spread out throughout the country, production and market surplus is less 
spread out. Market surplus of rice varies from about 69-70% in West Bengal and Assam to almost 99-100% in 
Punjab and Haryana. Similarly, in case of wheat, the market surplus ratio varies from 50-55% in Himachal 
Pradesh and Uttar Pradesh to about 97% in Gujarat. 

 
Fig1: Market Surplus of Rice (as % of Production) 

 
Fig 2: Market Surplus of Wheat (as % of Production) | Source: Ministry of Agriculture 

Clearly, the extent of commercialisation in agriculture varies significantly across states. Consequently, the 
ranking of states according to the contribution to total marketed quantity is different than that to the total 
production. For eg, in 2018-19, West Bengal had the highest share of 14% to total rice production but its share 
to total rice marketed in India was 11%. Similarly, UP had the highest share of 32% to total wheat production 
but its contribution to total wheat marketed was 23%. Our estimate suggests, nearly, 25% of rice and 29% of 
wheat production do not enter the market.  
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Multiple factors influence the extent of commercialisation. For example, increased investment in agriculture, 
export opportunities, greater use of market purchased inputs and services, high market prices, adoption of new 
agricultural technologies etc. are important drivers of agricultural commercialization and growth. The key 
drivers of commercialisation vary significantly across crops and states. 

To identify the key factors impacting the change in market surplus of rice and wheat across states, we have 
used multiple linear regression model. The analysis focuses on the role of institutional, economic and 
infrastructure related indicators, like, access to market, awareness about price support programme, credit 
availability and price realisation.  

Table 1: Factors influencing marketed surplus of rice in selected rice producing states. 
Dependent variable = Marketed surplus of rice and wheat. 

Variable Coefficient Standard error of regression coefficients 

Farm size 0.05615 *** 0.1262 

Price received 0.0827*** 0.0029 

Awareness about MSP 0.05946* 0.0850 

Access to institutional 
credit 

0.0557*** 0.3326 

Distance to market 0.0457*** 0.1277 

R2 0.70 

Source: Author’s own estimate using NSSO 70th Round – Situation Assessment of Agricultural Household 

The results show a significant effect of price of crop on marketed surplus. The higher the price of the crop, the 
larger is the marketed surplus. The elasticity of marketed surplus of rice/wheat to its price is about 0.08, 
implying that a 1 per cent higher price is likely to induce a 0.08 per cent larger marketed surplus.  The variation 
of price across states stems from several factors. Apart from the marketing policies, an important aspect that 
impacts the prices of food in different states is imposition of taxes. The state governments are entitled to 
impose taxes or levies on marketing of farm products, and these are added to the price as soon the commodity 
is transferred from the farmer to purchaser.  There is considerable variation in tax incidentals on rice and wheat 
across Indian states. Taxes imposed vary from 3.0 percent in Gujarat to 14.5 percent of the price in Punjab 
(Acharya et.al,2012).  The variation in taxes impact procurement and trading, finally impacting the quantity 
purchased from the farmers.  

Other significant factors that can impact the marketed surplus are awareness of minimum support price (MSP), 
access to regulated markets and credit. This is highly plausible, as given better access to regulated markets and 
procurement agencies; farmers will sell more quantity. Though, rice is grown in three seasons, the harvest and 
market arrivals of paddy are spread throughout the year. The rice produced in the kharif season accounts for 
more than half of the total market arrivals and consequent government purchases. Month-wise pattern of 
procurement of rice reveals that around 50 percent is procured during October-December, 30 percent during 
January-March, 15 percent during April-June, and remaining 5 percent during July-September. In the case of 
wheat, almost the entire procurement is completed during April to June. The state-wise procurement pattern 
does not match with the production pattern due to differences in food habits, and marketed surplus 
(Sharma,2016). Therefore, awareness of procurement, access to market at the right time emerge as a significant 
which can lead to higher market surplus. 

Conclusion 

A study of the behaviour of marketable and marketed surplus of food grains and factors affecting it can be of 
significant help in planning for agricultural development, designing appropriate procurement, storage, 
distribution and pricing policy. Increasing market surplus is crucial for improving income of the farmers. 
However, market surplus varies significantly across states. Our analysis suggests, marketed surplus of a crop 
depends on various price and nonprice factors. Variation in price across states arises from economic, 
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institutional infrastructure related indicators. One of the aspects of variation in price is also imposition of taxes 
across states which impacts the quantity procured from the farmers.  Secondly, awareness of MSP has a 
significant influence on market surplus. Procurement pattern of rice varies across states. Awareness of 
procurement and access to market and credit at the right time is also important to improve market surplus 
across states. 
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Postharvest disorders are common in many crops, where storage at low temperature for long periods is 
required. The most important non-pathological problem encountered in the market chain is physiological 
disorder. “Physiological disorders refer to breakdown of tissue in response to an adverse environment, 
particularly temperature and/or nutritional deficiency during growth and development”.  

Metabolic disturbance occurring at reduced temperature are generally divided into two main groups:  
1. Chilling injury: Results from the exposures of tissue to temperature below critical level. Injury is caused due 
to change in the physical state of membrane lipids, dissociation of enzymes and other proteins.  
2. Physiological disorders: Problems which arises other than the chilling injury.  

Physiological disorders involve plant tissue breakdown that is not directly caused either by pests and diseases 
or by mechanical damage – which includes tissue disruption upon ice crystal formation associated with freezing 
injury. Physiological disorders may develop in response to various pre (nutrient accumulation or deficiency) and 
postharvest (low-temperature stress during storage) conditions. 

Physiological Disorders can be Divided into Five General Categories 

1. Nutritional – Eg. bitter pit in apple, blossom end rot in water melon and tomato.  
2. Temperature (low and high) – Eg. sunburn on the shoulders of tomato and mango,(high-temperature injury 
occurred prior to harvest).  
3. Respiratory - low oxygen and or high carbon dioxide concentrations in and/or around harvested produce in 
CAS and MAP. Eg. black heart of potato (low-oxygen injury).  
4. Senescent – Eg. mealiness in apples, are due to harvesting over-mature produce and/or overstoring produce.  
5. Miscellaneous - disorders which are product-specific in terms of symptoms expressed.  

a. Bitterness (isocoumarin accumulation) in carrot.  
b. Greening of potatoes exposed to light. 
c. Rooting of onions exposed to high humidity.  
d. Russet spotting on the midrib of lettuce leaves (exposure to ethylene). 

Nutritional and low-temperature disorders are more problematic than others. The cellular, biochemical and 
biophysical mechanisms that give rise to physiological disorders in produce are extremely complex. Moreover, 
they often involve elusive interactions with the pre-and postharvest conditions. 

Causes of Physiological Disorders 

1. Pre-harvest environment conditions: 
a. Temperature. 
b. Nutrition.  
c. Water regimes. 
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d. Crop development factors (e.g., yield or crop load, position on the plant and carbohydrate, water and 
/or nutrient partitioning). 

2. Postharvest environment conditions:  
a. Temperature regime. 
b. Gas atmosphere. 
c. Storage time. 

Mineral Deficiency Disorders 

Disorders associated with deficiencies of specific minerals, and whose symptoms are sometimes expressed only 
after harvest in fruits, may be prevented by providing the specific mineral element either during growth or after 
harvest. 

Calcium 

Calcium is associated with more postharvest-related deficiency disorders than any other mineral. Ca deficiency 
disorders, such as blossom-end rot of tomatoes, can be eliminated by applying calcium salts as a pre-harvest 
spray. For others, such as bitter pit of apples, only partial control is obtained by pre-harvest sprays. Variability 
in the extent of control achieved is probably related to the amount of calcium taken up by the fruit. Postharvest 
dipping at sub-atmospheric pressures, which markedly increases the uptake of calcium, can result in total 
elimination of bitter pit. A substantial amount of the added calcium binds with pectic substances in the middle 
lamella and with cell membranes. Added calcium may possibly prevent some disorders by strengthening these 
structural components, without alleviating the original causes of the disorder. Strengthening cell components 
could prevent or delay the loss of sub-cellular compartmentation and the associated chemical and enzyme 
mediated reactions that cause browning symptoms. 

Calcium-Related Disorders of Fruit and Vegetables 

Produce Disorder 

Apple  Bitter pit, lenticels blotch, cracking, internal breakdown, water core  

Avocado  End spot  

Bean  Hypocotyl necrosis  

Brussels sprout  Internal browning  

Chinese cabbage  Internal tipburn  

Carrot  Cavity spot, cracking  

Celery  Blackheart  

Cherry  Cracking  

Chicory  Brown heart, tip burn  

Lettuce  Tip burn  

Mango  Soft nose  

Parship  Cavity spot  

Pear  Cork spot  

Peppers  Blossom-end rot  

Potato  Sprout failure, tip burn  

Tomato  Blossom-end rot, black seed, cracking  

Watermelon  Blossom-end rot  

Adding calcium to intact fruit or fruit slices generally suppresses respiration, but the response is concentration-
dependent. The activities of isolated pectic enzymes have shown differential responses to calcium 
concentration. For example, the activity of pectin methylesterase is initially increased by increasing 
concentrations of calcium but is inhibited at higher concentrations, while the large form of endo 
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polygalacturonase is stimulated slightly by concentrations of calcium that inhibit the smaller forms of the same 
enzyme. 

Boron 

Bo deficiency in apple leads to a condition known as internal cork. This condition is marked by pitting of the 
flesh and is often indistinguishable from bitter pit. The differences between: 

Internal cork Bitter pit 

Prevented by applying boron sprays  Responds to calcium treatment only  

Develops only on the tree  Develop after the harvest  

Potassium 

The major mineral in plants is potassium, and both high and low levels of potassium have been associated with 
abnormal metabolism. High potassium (and also magnesium) and low calcium has been associated with the 
development of bitter pit in apple. Low potassium delays the development of full red colour by inhibiting 
lycopene biosynthesis in tomato. 

Heavy Metals 

Copper: Copper acts as catalysts for enzyme systems that lead to enzymatic browning, such as browning of cut 
or damaged tissues that are exposed to air. The levels of these metals are important in processed fruits and 
vegetables, whether they are derived from the produce or from metal impurities acquired during processing. 
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Introduction 

India, commonly known as the ‘land of spices’, produces about 63 spices and among them the important ones 
are chilli, black pepper, cardamom, ginger, turmeric, coriander, cumin, fennel, fenugreek, ajwain seed, dill seed, 
cloves, nutmeg, cinnamon, saffron and vanilla (Sasikumar et al., 1999). The North-East India comprising of seven 
sister states of Arunachal Pradesh, Assam, Meghalaya, Manipur, Mizoram, Nagaland, Tripura and Sikkim has 
overwhelming potential for production of spice crops (Yadav et al., 2004). The diverse agro-climatic conditions 
in North-East Indian states characterized by warm and humid summers with abundant rainfall and cool winters 
are favourable for commercial cultivation of different spices namely ginger, turmeric, large cardamom, black 
pepper, chilli, bay leaf and indigenous herbs (Bhattacharaya, 2004).  Among the spices, ginger is considered as 
the main cash crop which supported the livelihood and improved the financial condition of various ginger 
growers of North-Eastern region (Yadav et al., 2004). The North-Eastern Hilly (NEH) region of India, excluding 
the state of Assam, accounts for 49% and 72% of area and production of ginger, respectively (Rahman et al., 
2009).  

Ginger (Zingiber officinale Rosc.), a herbaceous perennial cash crop, is a vital commercial spice crop used either 
as fresh rhizome or dried ground ginger (Sanwal et al., 2012). Ginger, known as "Adrakh", is most important 
major spice crop of India. It is commonly used in food, beverage, confectionery and medicine. Ginger is 
commercially marketed in different forms such as raw ginger, dry ginger, ginger powder, preserved ginger, 
ginger oil, ginger oleoresin, ginger ale, ginger candy, ginger beer, brined ginger, ginger wine, ginger squash, 
ginger flakes etc. (Kizhakkayil and Sasikumar, 2009). Ginger can be grown both under rain fed and irrigated 
conditions. For successful cultivation of ginger, a moderate rain falls 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.  

Due to the rich diversity in natural resources, North East India is called as a hub of major spices where large 
cardamom, ginger, turmeric and black pepper are commonly cultivated commercially (Table 1). At the same 
time, this region is emerging as India’s organic ginger hub. It is mainly due to the fact that the organic spices 
namely Lakadong turmeric, Bird’s eye chilli, King chilli and Nadia ginger grown in North-East India have high 
intrinsic value (Yadav et al., 2003) due to low utilization of agro-chemicals in this region (Gopalakrishnan, 2015). 
The ginger of this region is known for its less fibre content which is an indication of good quality. A noteworthy 
feature of the ginger produced in North-East Indian states is the high oil (1.6 – 2.5%) and oleoresin (5.9 – 8.5 %) 
content compared to ginger from other parts of the country. 

Table 1. Types and origin of major spices of North East India: 

Type Spice Origin 

Chilli Bird’s Eye Chilli Mizoram 

 Bhut Jolokia/Naga King Chilli Nagaland, Manipur, Assam, 
Arunachal Pradesh 
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 Local chilli Assam, Meghalaya, Arunachal 
Pradesh 

Rhizomes and root spices Ginger Assam, Meghalaya, Arunachal 
Pradesh, Manipur, Sikkim 

 Lakadong Turmeric Meghalaya 

 Local Turmeric Assam, Manipur, Meghalaya, 
Mizoram, Nagaland 

Seed/Fruit spices Large Cardamom Sikkim, Arunachal Pradesh 

 Long pepper Meghalaya, Manipur 

 Black pepper Meghalaya, Assam 

 Black sesame Assam 

 Coriander Assam 

 Mustard Assam 

Leaf spices Bay leaf Meghalaya, Sikkim 

Source: Gopalakrishnan (2015) 

Status and Distribution of Ginger Cultivation in North-East India 

Ginger is commercially grown in almost all the states of North-East India (Gopalakrishnan, 2015). Ginger is 
usually cultivated in raised beds in this region. The most prevalent system of cultivation is jhum and bund 
method in Meghalaya, zabo method in Nagaland, tila method in Tripura and along the terrace in Sikkim. Like 
other food crops grown in the North-East India, ginger is grown by using the traditional knowledge of the locals 
which are ecofriendly and less expensive. An area of 20,12,100 ha is under major spice cultivation with an annual 
production of 6,24,050 tonnes (Table 2). Assam is the leading state in area and production of major spices in 
North-East India (Table 2). Similarly, Assam is the leading state in area and production of ginger in North-East 
India (Table 3).  

Table 2. State wise area and production of major spices in North-East India: 

North-Eastern states Area (in ‘000 ha) Production (in ‘000 MT) 

Assam 93.8 297.14 

Sikkim 32.06 55.80 

Mizoram 22.47 59.62 

Meghalaya 7.50 83.88 

Manipur 10.47 24.14 

Arunachal Pradesh 10.17 64.27 

Nagaland 9.77 39.16 

Tripura 5.69 18.04 

Total 201.21 624.05 

Source: Anonymous (2016), Horticulture Statistics, Government of India 

On the other hand, Meghalaya is the leading state in production of ginger in NEH region, while Sikkim has the 
largest area under ginger cultivation (Table 3). There are quite a lot of cultivated types of ginger available in this 
region, which are usually named after the localities they are being grown. Additionally, a large number of local 
cultivars like Bola ada, Mara nada, Jati ada, Keki, Bazar Local, Naga Shing, Thingouri, Shing Bhoi, Shing Bhukir, 
Khasi Local, Tura local, Thinglaidum, Thingpuidum, Thingria,  Jugijan, Vichii, Nagaland local, Bhainse, Basar etc. 
are still grown in North-East India (Rahman et al., 2009). Although local cultivars produce high yield of rhizome 
but have more fibre content compared to improved varieties like Nadia and Rio-de-Jenerio.  Certain indigenous 
types namely Maran, Bhola and Jorhat Local of Assam give excellent rhizome yield with good size (De and Singh, 
2017).  The Meghalaya Local genotype is reported to contain highest gingerol content (1.71 %) which is mainly 
responsible for pungency in ginger.  Interestingly, black ginger cultivated by the people of Mizoram is reported 



 

 
Volume 3 - Issue 01 - January 2021       317 | P a g e  
 

have medicinal properties (Asati and Yadav, 2004). Due to high yield potential and bigger size rhizomes, local 
types Bhainse and Goruba are cultivated commercially in Sikkim (De and Singh, 2017).  

Table 3. State wise area and production of ginger in North-Eastern India: 

North-Eastern states Area (in ‘000 ha) Production (in ‘000 MT) 

Assam 15.70 122.30 

Sikkim 10.03 54.99 

Meghalaya 9.60 63.00 

Mizoram 7.30 28.40 

Arunachal Pradesh 7.00 57.00 

Nagaland 5.30 36.00 

Manipur 2.40 3.80 

Tripura 1.80 7.60 

Total 59.13 373.09 

Source: Das (2016) 

Conclusion 

The North-East India is largely untouched by modern agricultural practices which involve utilisation of high agro-
chemicals and chemical fertilizers. Since there is minimum use of agro-chemicals in the North-East India, organic 
ginger and its associated value-added products would have enormous potential for monetary exploitation. An 
estimate by Spices Board in 2012 revealed that the by-products of ginger fetches more revenue compared to 
other organic spices (Table 4). Furthermore, Spices Board of India has been undertaking a series of apprehensive 
efforts to boost the cultivation of exotic spices in this region (Parthasarathy et al., 2007).  However, we feel that 
ginger cultivation should be promoted in Tripura and Manipur due to good productivity. Although once upon a 
time Tripura was good at production of spices but it had gone down over the years and the Spice Board is taking 
several innovative measures to promote and revitalize spice cultivation among the farmers, particularly those 
tribal farmers who got land under the Forest Right Act.   

Table 4. Export potential of major spices of North-Eastern India: 

Spices End product World Market 

Quantity (MT) Value (Rs. CR.) 

Ginger Oil 
Oleoresin 
In brine 
Candy 

30 
250 
100000 
18000 

14 
28 
500 
350 

Chilli  Oleoresin 2500 300 

Birds Eye Chilli Capsaicin 2000 110 

Turmeric Curcumin 300 35 

Source: Spices Board (2012), Government of India. 

References 
1. Anonymous (2016), State wise area and production of spice crops. In: “Horticulture statistics at a glance”, Horticulture Statistics division, 

Ministry of Agriculture and Farmer’s Welfare, Government of India. Oxford India Press, New Delhi, pp. 166-167. 
2. Asati, B. S. and Yadav, D. S., (2004), Diversity of horticultural crops in the North Eastern Region. Ecology, 12(1): 4-14.  
3. Bhattacharaya, R. K., (2004), Potential for spices in North East India including present status and future strategies. In: Souvenir – National 

seminar on horticulture for sustainable income and environmental protection. Department of Horticulture, SARD, Medziphema and Department 
of Horticulture, Govt. of Nagaland, Feb. 24-26, pp. 22-28. 

4. Das, K., (2016), Production conditions of spices in North-East India: cases of ginger and chilli. National Research Programme on Plantation 
Development (NRPPD), pp. 1-36. 

5. De, L. C. and Singh, D. R., (2017), Natural resources in northeast region of India. International Journal of Agricultural Science and Research, 
7(5):51-66.  



 

 
Volume 3 - Issue 01 - January 2021       318 | P a g e  
 

6. Gopalakrishnan, P. C., (2015), A study on the developmental programmes for the production of organic spices in the North-Eastern region. In: 
Spices handbook, pp. 24-26, Foretell Business Solutions Pvt. Ltd, Airport Road, Bangalore. 

7. Kizhakkayil, J. and Sasikumar, B., (2009), Variability for quality traits in a global germplasm collection of ginger (Zingiber officinale R.). Current 
Trends Biotechology Pharmacy, 3: 1-4. 

8. Parthasarathy, V. A., Srinivasan, V. and Dinesh, R., (2007), Organic production of spices – potentials and prospects. In: Advances in organic 
farming technology in India. Munda, G.C., Ghosh, P.K., Das Anup, Ngachan, S.V. and Bujarbaruah, K.M. (Eds.), ICAR Research Complex for NEH 
Region, Umiam, Meghalaya, pp. 259-269. 

9. Rahman, H., Karuppiyan, R., Kishor, K. and Denzongpa, R., (2009), Traditional practices of ginger cultivation in Northeast India. Indian Journal of 
Traditional Knowledge, 8: 23-28.  

10. Sanwal, S. K., Singh, S. K., Yadav, R. K., Singh, P. K. and Misra, A. K., (2012), Yield and quality assessment of ginger (Zingiber officinale Rosc.) 
genotypes. Indian Journal of Plant Genetic Resources, 25(3): 281-286.  

11. Sasikumar, B., Krishnamoorthy, B., Saji, K. V., Johnson George, K., Peter, K. V. and Ravindran, P. N., (1999), Spices diversity and conservation of 
plants that yield major spices in India. Plant Genetic Resources Newsletter, 118: 19-26. 

12. Spices Board (2012), Spices Statistics, Spices Board, Cochin, Government of India. 
13. Yadav, R. K., Yadav, D. S., Rai, N. and Patel, K. K., (2003), Prospects of horticulture in North Eastern Region. ENVIS Bulletin: Himalayan Ecology, 

Vol. 11: 10-25. 
14. Yadav, R. K., Yadav, D. S., Rai, N., Sanwal, S. K. and Sarma, P., (2004), Commercial prospects of ginger cultivation in North Eastern region. ENVIS 

Bulletin: Himalayan Ecology, 12(2): 1-5. 

  



 

 
Volume 3 - Issue 01 - January 2021       319 | P a g e  
 

Application of Marker Assisted Selection (MAS) in Crop 
Improvement Programme 

Article ID: 10102 
Ashish Kumar1, Gaurav Mahajan2, Rashmi Bhumarkar2 

1College of Agriculture, JNKVV, Jabalpur, M.P., 482 004, India. 
2AICRP on Maize, Zonal Agriculture Research Station, JNKVV, Chhindwara, M.P., 482 001, India. 

 

Selection of specific plants with desirable traits is the elemental basis of plant breeding and the process of 
selection typically revolves around the evaluation of a breeding population for one or more traits like agronomic 
traits, disease resistance or stress tolerance related traits under field or glasshouse conditions.  

The ultimate aim of a plant breeder is to assemble one or more than one desirable combinations of genes 
controlling useful traits in existing varieties to develop an elite variety of a particular crop. 

The size and composition of a plant population is an important consideration for a breeding programme. The 
larger the number of genes segregating in a population, the larger the population size required in order to 
identify specific gene combinations. 

In a typical breeding programme, a breeder usually grows hundreds or even thousands of populations, and 
many thousands or millions of individual plants to develop a desired variety. Given the extent and complexity 
of selection required in these conventional breeding programmes, and the number and size of populations, one 
can easily appreciate the positive aspect of new molecular biology tools that may assist breeders in plant 
selection. The scale of breeding programmes also underlines the challenges of integrating a comparatively 
expensive technology such as Marker Assisted Selection (MAS). 

DNA Markers in MAS 

A genetic marker is a gene or DNA sequence with a known location on a chromosome that can be used to 
identify individuals or species. It can be described as a variation (which may arise due to mutation or alteration 
in the genomic loci) that can be observed. 

The reliability; quantity and quality of DNA required; technical procedure for marker assay; level of 
polymorphism; and cost of assay are the five main criteria for selection of markers in MAS. The markers likely 
to be used in MAS should be tightly linked to the target loci (less than 5 cM genetic distance) and should be 
highly polymorphic in breeding material or parents or population, to discriminate between different genotypes. 
The markers likely to be used should be easily assayable and the assay must be cost-effective in order for MAS 
to be feasible.  

The most widely used markers in major crops are simple sequence repeats (SSRs) or microsatellites and Single 
Nucleotide Polymorphisms (SNPs). SNPs are the most abundant class of markers in any crop. However, SSRs are 
highly reliable (i.e., reproducible), co-dominant in nature, relatively simple and cheap to use and generally highly 
polymorphic. 

The only disadvantages of SSRs are that they typically require polyacrylamide gel electrophoresis (PAGE) which 
is a cumbersome tool and generally give information only about a single locus per assay. The multiplexing of 
SSR has overcome with this limitation up to some extent. However, multiplexing of several SSRs in a single 
reaction is only possible when selected SSRs have large enough size differences in their amplicon length for 
detection in agarose gels. 

SSR markers also require a substantial investment of time and money to develop them. In addition to SSRs, 
sequence tagged site (STS), sequence characterized amplified region (SCAR) or SNP markers, which are derived 
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from specific DNA sequences of markers (e.g., restriction fragment length polymorphisms: RFLPs) and are linked 
to a gene or quantitative trait locus (QTL) are also extremely valuable for MAS.  

QTL Mapping and MAS 

The genetic linkage analysis using a mapping population made it possible to detect a gene or QTLs controlling 
traits. It is based on the principle of genetic recombination taking place during meiosis. The specific mapping 
population is genotyped using different markers like SSRs, SNPs, CISPs (Conserved Intron Spacing Primers) etc. 
and linkage maps are constructed using software like MAP MAKER, JOIN MAP. 

For this purpose, segregating populations such as F2, F3 or backcross (BC) populations are frequently used. 
However, populations that can be maintained and produced permanently, such as recombinant inbreeds lines 
(RILs) and doubled haploids (DHs), are preferable because they permit replicated and repeated experiments.  

Such types of populations may not be applicable to out-breeding cereals because inbreeding depression can 
cause non-random changes in gene frequency and loss of vigour of the lines. Further, to identify associations 
between DNA markers and phenotypic data, statistical methods such as single-marker analysis or interval 
mapping are applied and genes or QTLs can be detected in relation to a linkage map. 

The identification of QTLs using DNA markers was a major breakthrough in the characterization of quantitative 
traits. There are several reports where several number of DNA markers have been found linked to genes or 
QTLs. 

Earlier, it was assumed that most markers associated with QTLs from preliminary mapping studies were directly 
useful in MAS. However, in recent years it has become broadly agreed that confirmation, validation of a QTL 
(the verification that a QTL is effective in different genetic backgrounds) and/or fine (or high resolution) 
mapping may be required before using them in MAS. 

Although there are examples of highly accurate preliminary QTL mapping data as determined by subsequent 
QTL mapping research, ideally a confirmation step is desirable because positions and effects of a QTL can be 
imprecise due to factors such as sampling bias. 

Additional marker-testing steps may involve identifying a ‘toolbox’ or ‘suite’ of markers within a 10 cM ‘window’ 
spanning and flanking a QTL (due to a limited polymorphism of individual markers in different genotypes) and 
converting markers into a form that requires simpler methods of detection. Hence, a marker may be only used 
in MAS, once tightly linked markers which can reliably predict a trait phenotype have been identified. 

Advantages of MAS 

The fundamental advantages of MAS over conventional phenotypic selection are as follows: 
1. It may be simpler than phenotypic screening, which would save time, resources and efforts. Some traits like 
cereal cyst nematode and root lesion nematode resistance in wheat are difficult and laborious to measure and 
can be easily measured using MAS. Other quality traits generally require expensive screening procedures which 
can be avoided using MAS.  

2. Selection can be carried out at the seedling stage especially for traits that are expressed at later 
developmental stages. Therefore, undesirable plant genotypes can be quickly eliminated. It is having fantastic 
benefits in rice breeding because typical rice production practices involve sowing pre-germinated seeds and 
transplanting of seedlings into rice paddies, making it easy to transplant only selected seedlings to the main 
field. 

3. Single plants can be selected. Using conventional screening methods for many traits, plant families or plots 
are grown because single-plant selection is not reliable due to environmental factors. With MAS, individual 
plants can be selected based on their genotype. 

For most traits, homozygous and heterozygous plants cannot be distinguished by conventional phenotypic 
screening. These advantages can be exploited by breeders to accelerate the breeding process. Target genotypes 
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can be more effectively selected, which may enable certain traits to be ‘fast-tracked’, resulting in quicker line 
development and variety release which save the time and money to develop a new variety.  

In this way, genetic markers can also be utilized as a replacement for phenotyping, which allows selection in 
off-season nurseries and make it more cost-effective by growing a greater number of generations in a year.  

Additionally, the total number of lines that need to be tested can be reduced by using MAS. Since many lines 
can be discarded after MAS early in a breeding scheme, this permits more efficient use of glasshouse and/or 
field space, which is often limited because only important breeding material is maintained. 
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Introduction 

Ancient Ayurvedic texts have accounted milk and its by-products as the best among all the life-giving 
substances. The text has described milk as a complete and ideal food, which contains nearly all the ingredients 
of a balanced diet. 

The following milk/dairy products are described in detail in the Ayurvedic texts: 

Dugdha Milk 

Santaika Cream 

Takra Butter Milk 

Dadhi Curd 

Mastu Whey 

Takra Pinda Cheese 

Ghrit Clarified butter or ghee 

Piyush Colostrum 

Dugdha (Milk) 

According to Ayurveda, Milk provides special and unique nutrition that cannot be derived from any other type 
of food. Milk when digested properly, nourishes all the tissue, promotes balanced emotions and helps to 
balance all the dishes. It is one of the most important food to promote ojas. According to Ayurveda, Ojas is a 
refined substance the body produces from one most subtle level of proper digestion and it brings strength, 
strong immunity, happiness and contentment.  

Therefore, milk is a very important food to include regularly in one's diet specially you follow a vegetarian life 
style. Ayurveda describes milk as cooling and appetizing, healing wounds and fractures, increase semen strength 
and mental power. It is assailable and useful for all act as a purifier, effective in acidity, anaemia, diarrhoea, 
relieves paittika and vatika doshan. Ayurveda declares milk to give mass, sweetness and coolness to meal, so it 
is supposed to be calm and beneficial for nursing mothers. Cow's milk is said to be the ideal substitute of 
mother's milk. 

Navanit (Butter) 

It is used in piles, chronic dysentery, anorexia and in facial paralysis. It agrees best with the old and young. 

Takra (Butter Milk) 

Ghola, Mathila, udaishvila, and chhachhika are synonyms of Takra. Takra from cow’s milk is tonic, cardiac 
stimulant, invigorating, stomachic, effective in emesis, piles, anaemia, obesity and dyspepsia. The disease cured 
with Takra never reoccurs and even today some Ayurveda Physician do the treatment of different disease 
conditions only with the help of Takra (Takra Therapy). 

Dadhi (Curd) 

Curd is agreeable, digestive and cooling. It is acid and astringent, relieves Vayu, produces marrow, semen 
strength and blood, and aggravates pitta and kapha. Help digestion and is an appetizer. 
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Ghrit (Clarified Butter or Ghee) 

Ghrit is considered cooling, emollient and stomachic. It increases the fatty tissue and mental power, promotes 
digestion, improve the voice, beauty and complexion if taken in excess, increase kapha, ghee is strengthening. 
It is good for transporting herbal influences to tissues. 

The ghrit is classified in detail on the basis of its seasoning i.e., Purana, Prapurana, Kumbhasarpi and Mahasarpi. 
The formulations prepared with ghrit are very useful in mental disorder, piles, rhinitis, sinusitis, vision disorder. 
Ghrit is essential for Snehana which is fore Panchakarma operation. Milk and ghrit are recommended as best 
antidote for mental / mineral / herbal poisoning. 

Mastu (Whey) 

Whey has properties similar to those of curd. In particular it favours the circulation of animal fluid and therefore 
useful in constipation. 
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In their growth and development of the plants are affects by many environmental factors such as temperature, 
moisture, light nutrients etc. Some of these are under the control of man and form the basis of cultural practices 
in crop production. One of the major external factors is the length of day technically known as photoperiod. 
The influence of length of day is modified and sometimes contracted by other environmental factors particularly 
temperature. The variability in response to the photoperiod of various species and varieties points out clearly 
to a genetic mechanism in operation in bringing about this phenomenon. Both the temperature and 
photoperiod constitute two of the most important environmental factors affecting growth and development. 

Terminology 

1. Photoperiod—Length of daily exposure to light (Garner and Allard, 1920). 
2. Photoperiodism—Response of plants to photoperiod. 
3. Photoperiodic adaptation— The adaptation of plants in their native or artificial habitat to a definite length of 
day or to latitude. 
4. Short day plants—Species, varieties and strains in which the flowering period was accelerated by a relatively 
short. 
5. Long day plants—Species varieties and strains in which the flowering period is accelerated by a relatively long 
daily exposure to light usually more than 12 hrs.  
6. Indeterminate plants (Photoneutral or day neutral plants)—Species, varieties and strains in which the 
flowering period is not accelerated by long or short length of daily exposure to light. For example, zinnia 
angustifolic blooms under continuous humination under a cycle of 12 hrs. light and 12 hrs. dark but not under 
a cycle of 6 hrs. light and 16 hrs. dark. The main difference between plants and in determinate plants is that in 
determinate plants have over critical photoperiod than long day plants. 
7. Intermediate plants—Species, varieties and strains, in which the flowering period is accelerated by a certain 
range 12-14 hrs. and fail to flower under either longer or shorter photoperiod. Intermediate plants differ from 
short day plants only in that the minimum length of photoperiod required for flowering is considerably longer 
in the former than in the latter. 
8. Photothermal in inhibition—Inhibition or retardation of growth primarily of the main axis by a certain 
photoperiod. 
9. Photothermal induction—The induction of reproduction by a combination of photoperiods and temperature. 
10. Thermoperiodic adaptation—The adaptation of plants in their native or artificial habitat to specific 
temperature requirements. 

Mechanism of Photoperiodism 

The flower inducing substances of a harm in nature exist in plants. The rates of synthesis and destruction of 
such compounds are markedly influenced by the photoperiodic cycle. Temperature and also the environmental 
conditions under which synthesis of such substances occur and differ from on kind of plants to another. 

Nearly a 100 years ago Julius Von Sachs (a German Scientist) advanced the idea that flowering substances are 
produced in leaves and transported to the other parts of the plants where the cause blooming to occur. The 
evidence for this theory may be summarised as follows. A short-day plant like the cockleebur may be induced 
to bear flowers if its leaves are exposed to a durnal cycle consisting 10 hrs. of light and 14 hrs. of darkness. If 
the leaves are removed at the close of dark period no blooming occurs. If one leaf or only one eight of a leaf is 
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left on the plant after exposure to short day and long night treatment the plant will bloom. In this manner the 
effect of the stimulus on a leaf or fraction of a leaf appears to be transported to another part of the plant. The 
flower inducing substances are also able to move through draft union. Induction of flowering in spinach (a long 
day plant) occurred only when the leaves were exposed to long photoperiods. Exposure of the meristem to long 
photoperiod while the leaves were under short photoperiods resulted in maintenance of the vegetative 
condition. 

Photoperiodic Induction 

Between 1923 and 1927 Egiz conducted experiments on maize and soyabean to show that it was possible to 
treat short day plants with specific photoperiods while they were at the seedling stage and the effect of their 
treatment became evident only at a much later stage of their life. In this way if short day plants are exposed to 
short days they may be induced to flower in due time even if transferred from their optimal length of day hence 
the term photoperiodic induction. The effectiveness of induction varies somewhat with the length of 
photoperiod the intensity of light, the number of cycles to which the plants are exposed the temperature as 
well as the environmental conditions both previous and subsequent to the induction period. The age of the 
plant is also an important factor influencing the response to photoperiodic induction since flowering is much 
more readily induced in older plants that in younger ones. 

Photoperiod v/s. Dark Period 

Period is not the only factor controlling the flowering of plants but however the controlling factor seems to be 
the length of largest continuous dark period of the cycle and not the total length of either the light or the dark 
period in any 24 hrs. Thus, if the dark period is interrupted by exposure to light short-day plants will fail to 
blossom and long day plants develop flowers even though the total period of exposure to light is short. 

Light Intensities and Wavelengths 

When natural photoperiod is extended by the use of artificial light. The intensities of light necessary to prevent 
flowering of short-day plants or to induce flowering of long day plants have been reported by several 
investigators to be extremely low in comparison to full sunlight. Long day plants and short-day plants have both 
been found to respond primarily to wavelength in the red region of spectrum. Light of wavelength from 5800 A 
to 6800 A being particularly effective. The flowering response is also affected although much less efficiently by 
wave- length in the blue region. However, red light is relatively more effective than blue light in eliciting 
photoperiodic response than in photosynthesis. Since the development of large storage organs is dependent 
on the supply of foods. The number and size of these organs are also greatly influenced by light intensity, 
temperature and the available nitrogen supply. A day length that will favour tuber formation at moderate or 
cool temperature and at moderate, nitrogen fertility levels, will not induce tuber formation, if the temperature 
and nitrogen are sufficiently high to favour a high rate of respiration and rapid growth. 

Relation to Temperature 

The modifying effects of temperature on photo-periodise have been known ever since the observations of 
Garner and Allard (1920) who stated that, “temperature is undoubtedly the most important factor in relation 
to action of light period on plant growth’’. Then certain varieties of soyabeans were grown in greenhouses 
during winter season (short days) with mean temperatures of 55°F and 72°F, the flowering was hastened by the 
higher temperature. In more detail investigations with many horticultural crops. Flowering and fruiting of late 
maturing soyabeans such as Biloxi were favoured by a combination of short days and warm temperatures and 
of sugar beets by long days and cool temperature. 

Photoperiodic Classification of Vegetables 

1. Short day vegetables—Soyabeans and sweet potato etc. 
2. Long day vegetables—Spinach, beet, Chinese cabbage, lettuce, radish, sweet potato etc. 
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3. Day neutral vegetables—Tomato, asparagus, pepper, snap bean etc. 
4. Intermediate vegetables—Wild kidney beans. 

Photoperiodic Response of Some Vegetable Crops 

Treatment that induces flowering in many cases have also marked effected on other kinds of behaviour, that is, 
they are likely to influence formation of tubers. Tuberous roots, bulbs, elongation and branching characteristics 
of stem, the size of leaves of tuberous root crops. Short photoperiod favours the development of tuberous 
roots, as in the yam, Scarlet runner, as well as large storage roots as those of radish and beet. Radish when 
exposed continuously to a hr. photoperiod did not form an elongated axis but normal short days of winter, 
without flowering the root grow to 5" diameter and the leaves 18" long. It produced elongated flower stalk the 
following summer when days become longer.  

Bulb Crops—In onion has been observed that a long Photoperiod favours bulb formation. Long photoperiod 
combined with high temperatures (60-80°F). To be especially effective in inducing early bulb development. 

Potato—The growth of the top was favoured by high temperatures on long days but early tuberization was 
favoured with low temperatures and short days. At very high temperatures the plants were devoid of tubers 
and sometimes produced no stolons. 

Spinach— Spinach growth at low temperature (40-50°F) for a month under the normal length of day of winter 
developed seed stalks earlier than those grown for the same length of time at 60-70°F. Then the plants were 
grown for a month at 40-50°F. Under 15 hrs photoperiod and then moved to higher temperature to which the 
plants were subjected the sooner did the seed stalk develop. 

Practical Utility of Photoperiodism 

The practical utility of this technique has been described by a number of workers as following: 
1. Inducing earliness of species and varieties by shortening or lengthening the light and temperature conditions. 
2. Resistance to adverse weather conditions. 
3. Higher yield of desirable quality may be obtained by giving different treatment to plants, i.e., by lengthening 
or shortening the photoperiod. 
4. Generally many root vegetables are spoiled in their quality if flowering takes place. If the farmer or gardener 
has an understanding of this phenomenon, he can control it. 
5. Photoperiod controls the formation of stimulus. 
6. Photoperiodism establishes a relationship between the C/N ratio and vegetative growth and sexual 
reproduction. 

Conclusion 

Photoperiodic responses are varied and involve vegetative extension, tuber formation, resistance to diseases, 
changes in winter hardiness, initiation of floral primordia and development of flowers, fruits, and seeds, changes 
in chemical composition and in the activity of enzymes, and many other manifestations. Many of the recent 
contributions on photoperiodism have dealt with physiological aspects of reproduction in angiosperms. There 
are numerous examples of diversification of regulatory pathways, it is reassuring that the Photoperiodism 
regulating flowering time, phenylpropanoid biosynthesis, and carotenoid production are conserved. Such 
conservation demonstrates that it will be possible to utilize the understanding gained from model species to 
design tailored light regimes optimized for many glasshouse-grown crops, leading to improved yield and quality 
in the future. 
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Introduction 

Agriculture is a risky venture which is susceptible to various risks arising from weather variability, fluctuations 
in input and output price, difficulties in storage, pest attack and diseases. Although there are many risk 
mitigating tools, whenever there is a crop failure, crop insurance is considered to be the effective mechanism 
to compensate the farmers for their losses. Pradhan Mantri Fasal Bima Yojana (PMFBY) is the new crop 
insurance scheme launched by Central Government and replaced the existing two schemes National Agricultural 
Insurance Scheme as well as Modified NAIS which have had some inherent drawbacks.  Pradhan Mantri Fasal 
Bima Yojana is implemented in every state of India, with association with the respective State Governments. 
This crop insurance scheme is administered under the Ministry of Agriculture and Farmers’ Welfare, 
Government of India. 

Previous Crop Insurance Schemes 

1. 1985- Comprehensive Crop Insurance scheme. 
2. 1999- National Agricultural Insurance Scheme. 
3. 2007- Weather based crop insurance scheme. 
4. 2010- Modified National Agricultural Insurance Scheme. 

Features of PMFBY 

Some of the innovative features of the scheme are: 
1. Lower premiums compared to existing insurance schemes. 
2. Insuring income of the farmer and not crop per se. 
3. In PMFBY, there will not be a cap on the premium and reduction of the sum insured. 
4. Promises to provide prompt and easy settlement of claims through the use of technology like GPS, smart 
phones, remote sensing and drones to access actual crop damage. 
5. 25 per cent of the likely claim will be settled directly on farmer’s account. 
6. There will be one insurance company for the entire state. 
7. The scheme also provides for coverage of post-harvest losses. 
8. Covers localized crop losses like hailstones. 

Objectives of PMFBY 

1. To provide insurance coverage and financial support to the farmers in the event of failure of any of the 
notified crop as a result of natural calamities, pests & diseases. 
2. To stabilize the income of farmers to ensure their continuance in farming. 
3. To encourage farmers to adopt innovative and modern agricultural practices. 
4. To ensure flow of credit to the agriculture sector. 

Implementing Agency of PMFBY 

This scheme is implemented by multiple insurance companies under overall control of Ministry of Agriculture 
& Farmers Welfare. The Ministry designated Agriculture Insurance Company of India (AIC) and some private 
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insurance companies presently to participate in the Government sponsored agriculture /crop insurance 
schemes. There is one insurance company for the whole state. 

Management of the Scheme 

The existing State Level Co-ordination Committee on Crop Insurance (SLCCCI), Sub-Committee to SLCCCI, District 
Level Monitoring Committee (DLMC) already overseeing the implementation & monitoring of the ongoing crop 
insurance schemes like National Agricultural Insurance Scheme (NAIS), Weather Based Crop Insurance Scheme 
(WBCIS), Modified National Agricultural Insurance Scheme (MNAIS) and Coconut Palm Insurance Scheme (CPIS) 
shall be responsible for proper management of the Scheme. 

Unit of Insurance 

1. Short day vegetables—Soyabeans and sweet potato etc. 
2. Long day vegetables—Spinach, beet, Chinese cabbage, lettuce, radish, sweet potato etc. 
3. Day neutral vegetables—Tomato, asparagus, pepper, snap bean etc. 
4. Intermediate vegetables—Wild kidney beans. 

Photoperiodic Response of Some Vegetable Crops 

The Scheme shall be implemented on an ‘Area Approach Basis’. For major crops, the Unit of Insurance shall 
ordinarily be Village/Village Panchayat level and for minor crops may be at a higher level depending upon the 
requirement. 

Farmers to be Covered 

All farmers growing notified crops in a notified area during the season who have insurable interest in the crop 
are eligible. 

Compulsory Coverage 

The enrolment under the Pradhan Mantri Fasal Bima Yojana scheme, subject to possession of insurable interest 
on the cultivation of the notified crop in the notified area, shall be compulsory for following categories of 
farmers: 
1. Farmers in the notified area who possess a crop loan account/KCC account (called as loanee Farmers) to 
which credit limit is sanctioned/renewed for the notified crop during the crop season. 
2. Such other farmers whom the Government may decide to include from time to time. 

Risks to be Covered 

Following risks leading to crop loss are to be covered under the scheme: 
1. Yield losses (standing crops, on notified area basis): Comprehensive risk insurance is provided to cover yield 
losses due to non-preventable risks, such as: 

a. Natural Fire and Lightning 
b. Storm, Hailstorm, Cyclone, Typhoon, Tempest, Hurricane, Tornado etc. 
c. Flood, Inundation and Landslide(iv) Drought, Dry spells 
d. Pests/ Diseases etc. 

2.  Prevented sowing (on notified area basis): In cases where majority of the insured farmers of a notified area, 
having intent to sow/plant and incurred expenditure for the purpose, are prevented from sowing/planting the 
insured crop due to adverse weather conditions, shall be eligible for indemnity claims up to a maximum of 25% 
of the sum-insured. 

3. Post-harvest losses (individual farm basis): Coverage is available up to a maximum period of 14 days from 
harvesting for those crops which are kept in “cut & spread” condition to dry in the field after harvesting, against 
specific perils of cyclone / cyclonic rains, unseasonal rains throughout the country. 
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4.  Localized calamities (individual farm basis): Loss / damage resulting from occurrence of identified localized 
risks i.e., hailstorm, landslide, and Inundation affecting isolated farms in the notified area. 

Sum Insured / Limits of Coverage 

In case of loanee farmers under Compulsory Component, the Sum Insured would be equal to Scale of Finance 
for that crop as fixed by District Level Technical Committee (DLTC) which may extend up to the value of the 
threshold yield of the insured crop at the option of insured farmer. Where value of the threshold yield is lower 
than the Scale of Finance, higher amount shall be the Sum Insured. Multiplying the Notional Threshold Yield 
with the Minimum Support Price (MSP) of the current year arrives at the value of sum insured. Wherever 
Current year’s MSP is not available, MSP of previous year shall be adopted. The crops for which, MSP is not 
declared, farm gate price established by the marketing department / board shall be adopted. 

Premium Rate 

Sl. No. Season Crops Maximum  Insurance charges payable by 
farmers ( % of sum insured) 

1.  Kharif Food & Oilseeds crops( all  
cereals, millets & oilseeds 
pulses) 

2.0 % of SI or actual rate, whichever is less 

2. Rabi Food & Oilseeds crops( all  
cereals, millets & oilseeds 
pulses) 

1.5 % of SI or actual rate, whichever is less 

3.  Kharif & Rabi Annual Commercial / Annual  
Horticultural crops 

5 % of SI or actual rate, whichever is less 

Service Tax 

PMFBY is a replacement scheme of NAIS / MNAIS, and hence exempted from Service Tax liability of all the 
services involved in the implementation of the scheme. 

Use of Innovation Technology 

There is a need to have good quality, timely and reliable yield-data. For addressing this problem, video/image 
capture of crop growth at various stages and transmission thereof on a real time basis utilizing mobile 
communication technology with GPS time stamping, can improve data quality, / timeliness and support timely 
claim processing and payments. 

Constraints 

1. Increased subsidy bill on the state. 
2. No cover against wild animal attacks. 
3. No protection extended to share-croppers as payments are linked to land records usually. 
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Introduction 

The Sustainable Development Goals (SDGs), also known as the Global Goals, were adopted by all United Nations 
Member States in 2015 as a universal call to action to end poverty, protect the planet and ensure that all people 
enjoy peace and prosperity by 2030. The 17 SDGs are integrated—that is, they recognize that action in one area 
will affect outcomes in others, and that development must balance social, economic and environmental 
sustainability. The Sustainable Development Goals (SDGs) constitute a befitting framework to answer the 
developmental challenges to achieve a sustainable future, free from social, economic, and environmental 
inequalities and thereby ensuring a greener and healthy planet for future generations. India’s achievement in 
the composite SDG index is commendable as the score has improved from 57 in 2018 to 60 in 2019. 

The 17 Sustainable Development Goals (SDGS) 

 
Though the goals are broad and interdependent, two years later (6 July 2017) the SDGs were made more 
"actionable" by a UN Resolution adopted by the General Assembly. The resolution identifies specific targets for 
each goal, along with indicators that are being used to measure progress toward each target. The year by which 
the target is meant to be achieved is usually between 2020 and 2030. For some of the targets, no end date is 
given. To facilitate monitoring, a variety of tools exist to track and visualize progress towards the goals. All 
intend to make data more available and more easily understood. There were serious impacts and implications 
of the COVID-19 pandemic on all 17 SDGs in the year 2020. 

India and the SDGs 

India had played an important role in shaping the SDGs. And therefore, the country’s national development 
goals are mirrored in the SDGs. As such, India has been effectively committed to achieving the SDGs even before 
they were formally crystallized. As Prime Minister Narendra Modi has stated, “These goals reflect our evolving 
understanding of the social, economic and environmental linkages that define our lives.” India’s development 
mantra “Sabka Saath Sabka Vikas” (Collective Effort, Inclusive Development) and the associated national 
programs closely track the SDGs. While targeting economic growth, infrastructure development and 
industrialisation, the country’s war against poverty has become fundamentally focussed on social inclusion and 
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empowerment of the poor. Several major programmes have been implemented to address these priorities and 
meet the economic, social and cultural aspirations of a diverse people. 

NITI Aayog has constructed the SDG India Index spanning across 13 out of 17 SDGs (leaving out Goals 12, 13, 14 
and 17). The Index tracks the progress of all the States and Union Territories (UTs) on a set of 62 National 
Indicators, measuring their progress on the outcomes of the interventions and schemes of the Government of 
India.  

The SDG India Index is intended to provide a holistic view on the social, economic and environmental status of 
the country and its States and UTs. The SDG India Index is an aggregate measure which can be understood and 
used by everyone—policymakers, businesses, civil society and the general public. It has been designed to 
provide an aggregate assessment of the performance of all Indian States and UTs, and to help leaders and 
change makers evaluate their performance on social, economic and environmental parameters.   

The Index will be useful to States/UTs in assessing their progress on the SDGs in the following ways: 
1. Support States/UTs to assess their progress against national targets and performance of their peers to 
understand reasons for differential performance and devise better strategies to achieve the SDGs by 2030.  
2. Support States/UTs to identify priority areas in which they need to invest and improve by enabling them to 
measure incremental progress.  
3. Highlight data gaps related across SDGs for India to develop its statistical systems at the national and State 
levels. 

India follows a holistic approach for achieving the SDGs by implementing a comprehensive array of schemes. 
The progress towards SDGs has been assessed by SDG India Index 2019. 

 
The States/UTs are ranked based on their aggregate performance across the 16 SDGs. The SDG score varies 
from 0 to 100. A score of 100 implies that the States/UTs have achieved the targets set for 2030; a score of 0 
implies that the particular State/UT is at the bottom of the table. States with scores equal to/greater than 65 
are considered as Front-Runners (in Green); as Performers (in Yellow) in the range of 50-64 and as Aspirants (in 
Red) if the score is less than 50. As per the SDG Index, Kerala, Himachal Pradesh, Tamil Nadu, Andhra Pradesh, 
Telangana, Karnataka, Goa, Sikkim, Chandigarh and Puducherry are the front runners. It is to be noted that none 
of the States/ UTs fall in the Aspirant category in 2019. 

Overall, it is encouraging to note that the composite score for India has improved from 57 in 2018 to 60 in 2019, 
indicating the impressive progress made by the country in its journey towards achieving the SDGs. This positive 
stride towards achieving the target is largely driven by commendable country wide performance in five goals - 
6 (Clean Water and Sanitation), 7 (Affordable and Clean Energy), 9 (Industry, Innovation and Infrastructure), 15 
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(Life on Land) and 16 (Peace, Justice and Social Institutions) - where India has scored between 65 and 99. The 
goals that demand special attention are – 2 (Zero Hunger) and 5 (Gender Equality) – where the overall country 
score is below 50. The overall country score lies between 50 and 64, indicates the scope for improvement in the 
coming years. 

Six Key Transformations 

The six key transformations needed to achieve the SDGs in a manageable way are based on the major drivers 
of societal change, including human capacity, consumption and production, decarbonisation, and the digital 
revolution.  
1. Sustainable development is a societal rather than an environmental challenge. Substantial advances in human 
capacity are needed through improvements of education and healthcare – resulting, among others, in higher 
income and better environmental decisions. 
2. Responsible consumption and production cut across several of the other transitions, allowing us to do more 
with fewer resources – we need to adopt a circular economy approach and reduce demand. 
3. It is possible to decarbonise the energy system around 2050 while providing clean and affordable energy for 
all – including through energy efficiency, more renewables and electrification. 
4. Achieving access to nutritional food and clean water for all, while protecting the biosphere and the oceans, 
requires more efficient and sustainable food systems – for example by increasing agricultural productivity and 
reducing meat consumption. 
5. Smart cities: Transforming our settlement patterns will benefit the world population and the environment– 
such as through ‘smart’ infrastructure, decent housing and high connectivity. 
6. Digital revolution: Science, technology, and innovation need to support sustainable development. Much 
depends on the way the world will put the Information Technology revolution to use – continuing present trends 
or inverting them by asserting societal control over them. 

Conclusion 

Global agenda of delivering sustainable development and addressing climate change can be delivered only if all 
nations act upon their fair share of responsibilities including the fulfilment on means of implementation by the 
developed world to the developing countries. Therefore, enhanced ambition and enhanced support should be 
on equal footing. 
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Summary 

Cashew cultivation is picking up in traditional and non-traditional areas in India. Many farmers who are willing 
to take up cashew farming are asking many questions regarding suitability of soil and climate, varieties and their 
planting material availability and economic feasibility etc. So, considering all these issues an effort has been  
made to address these issues in this article and other pertinent aspects of cashew cultivation for the benefit of 
cashew farming community. 

Nowadays, mobile calls are coming from many farmers regarding cashew farming. It is interesting to note that 
these calls are mostly coming from districts like Chitradurga, Kolar and other non-traditional areas of cashew 
cultivation. When farmers call us, we inquire about their soil characteristics, climate and then suggest them 
whether to take up cashew cultivation or not in their region.  Another important thing to understand here is 
that whether cashew farming is profitable or not. Some farmers have realized that the price of cashews is about 
one thousand rupees per kg, and that cashew grows very well. In reality, one must be aware of the cost of 
cashews being processed at the cashew processing factories. In addition, one must also know where and at how 
much price raw cashew nut is sold.  

Therefore, the following issues / factors should be taken into consideration before undertaking cashew farming: 
1. Suitability of soil and climate. 
2. Selection of varieties. 
3. Planting systems and spacing. 
4. Nurseries selling good grafts. 
5. Selection of intercrops. 
6. Cashew raw nut purchase centres / current cashew nut price. 
7. Estimated Profit – Expenditure. 

Climate and Soil 
Coastal areas receiving as much rain as possible, with high humidity and day temperature of 19 ° C to 35 ° C are 
best suited for cashew crop.  However, cashew can be grown in the inland and dry areas of our state. It does 
not grow well in areas where it is cold and foggy. Dry and cloud-free weather during flowering and fruiting helps 
to give higher yields. The red loamy soils with depth ranging from 1.5 to 2.0 m, and having pH range 5.5 to 6.0 
are most suitable for cashew. It can also be cultivated in laterite soils, hill slopes and low fertile soils. In plain 
regions where soils are highly fertile, it gives more yield and income. 

Variety Selection 

It is advisable to choose high yielding varieties such as Bhaskara, Ullala-3, Vengurla-4, Vengurla-7, Ullala-4, 
Madakkatara-2, Dhana, H-130 and Priyanka. Varieties such as Ullal-3, Ullal-4, Vengurla-4, 7, H-130, Priyanka 
which  start flowering from the first week of November are very ideal for areas receiving early rainfall (example 
coastal areas).  Areas receiving Harvested varieties which flower begin flowering in December or January are 
more suitable for areas receiving late rains. 

Region-wise suitable varieties for Karnataka: 

Region  Varieties suitable 

Plain areas  Chintamani-1, Chintamani-2, Dhana 
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Uttara Kannada / Malnad / Semi-
malnad region 

Vengurla-1, Vengurla-4, Vengurla-7 

Coastal Areas Ullal-1, Ullal-3, Ullal-4, NRCC Sel-2, Bhaskara, H-130, Priyanka, 
Madakkathara-2 

 

  
 

 
Fig 1. Cashew varieties- Bhaskara (top left),  Ullal-3 (top right) , Vengurle-4 (below left) and  Vengurle-7 

(below right) 

Planting Systems and Spacing 

Cashew can be grown in three types of planting systems depending on the planting distance (spacing). The first 
one is to plant in the normal density system at spacing of  7 m x 7 m (23 ft x 23 ft),  7.5 m x 7.5 m (25 ft x 25 ft) 
or 8 m x 8 m (26.7 ft x 26.7 ft). All varieties are suitable for this system. Secondly, high density planting system 
wherein the cashew plants are planted at the spacing of 5.0 m x 5.0 m (16.7 ft x 16.7 ft) or 4 m x 4 m (13.3 ft x 
13.3 ft) or 5 m x 4 m (16.7 ft x 13.3 ft). 
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Fig 2. Cashew planting systems: Ultra-High Density Planting (top), High Density Planting (below left) and 
Normal Density Planting (below right). 

Purchase of Cashew Grafts 

At least 5 months old grafted plants are recommended to buy from the Cashew Nursery of Directorate of 
Cashew Research in Puttur in Dakshina Kannada district or from any other accredited  government or private 
nurseries. 

Intercropping 

As the cashew plants begin giving fruits from third year, it is advisable to grow suitable intercrops for better 
space utilization and getting income in the early years of orchard life. In coastal areas, elephant foot yam, bush 
pepper, turmeric, ginger, pepper, tapioca, colocasia, pineapple and long pepper (pipli) can be grown as 
intercrops. The suitable intercrops as per the requirement can be grown in the plain region or unconventional 
areas of cashew cultivation. 

  
Fig 3. Pine apple and turmeric as intercrops grown in cashew orchard. 

Cashew Raw Nut Purchase Centres / Current Cashew Nut Price 

The key issue is where to sell raw cashew nuts after harvesting and drying the nuts. Therefore, farmers should 
be aware of the nearest purchasing centres or cashew processing units. Also, be aware of the current or 
prevailing purchase price per one kg of raw cashew nuts. 

Profit - Cost Estimation 

Before starting cashew farming, every farmer must understand and calculate the costs of establishment of 
cashew orchard and maintenance. Similarly, farmers should be aware of the general information about how 
much income / profit can be obtained for their investment made. In this regard, the cost of establishing cashew 
plantation is given in Table 1 and income and expenditure applicable for 10-year-old cashew plantation are 
described in the Table 2. 

Table 1: Cost of establishing cashew plantation in normal density planting system ( 200 plants per hectare, 7 
m x 7 m: 

Description Price per plant (Rs.) Total cost per 200 plants (Rs.) 

Cashew grafts 50 10000 

Digging pits and planting 120 24000 

Manures and fertilizers 46 9250 

Initial years pest & weed management 
and shape pruning 

45 9000 

Total cost per hectare 52250 

Total cost per acre 20900 

Table 2: Income and expenditure applicable for 10-year-old cashew plantation: 
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Description Amount (Rs.) 

Estimated expenditure 

Weed management 17500 

Fertilizers  15015 

Pest management 6120 

Harvesting of nuts 53200 

Expenditure per tree  459 

Expenditure per hectare 91835 

Estimated profit 

Cashew nut yield per ha (kg) 2000 

Cashew nut price per kg 100 

Total cashew nut price (Rs.) 200000 

Income per hectare 108165 

Income per acre 43266 

Conclusion 

The conclusion here is that if cashew is grown in the normal density planting system with 80 trees per acre, it is 
possible to earn a net income of Rs.43266 /- per acre. Therefore, cashew farming can be considered profitable 
to farmers. 
  



 

 
Volume 3 - Issue 01 - January 2021       337 | P a g e  
 

Custard Apple: An Underutilized and Unexplored Fruit Crop 
Article ID: 10108 

Pushpikka Udawat1, G. K. Mathur2 
1Dr. Pushpikka Udawat, Asst. Prof. Biotechnology, 

2Prof. G. K. Mathur, Dean, School of Agriculture Sciences, Dabok,  
JRN Rajasthan Vidyapeeth (Deemed to be University) Udaipur, 313001, Rajasthan, India. 

 

Abstract 

The global inhabitants are multiplying at a very enormous rate, which will be nine billion by the end of 2050. To 
nourish this mounting population, the agrarian scientific community necessities to explore underutilized fruit 
crops, such as Annona Squamosa or Custard Apple. The plant is certainly gifted with miscellaneous nutrients, 
viz., proteins, fibers, vitamins, and minerals. Likewise, this fruit crop has been useful for several medicinal and 
therapeutic practices due to its numerous health benefits. The fruit is eaten either raw or in a processed form 
such as ice-cream, jam, jelly, custard, juice, firni, rabdi, kheer, etc. Even after having significant nutritional and 
medicinal benefits, this fruit crop is underutilized and underexplored due to multiple causes, such as lack of 
wakefulness and lack of systematized market chain. The need of the day is to create a suitable value chain and 
processing units for this fruit crop in particular. In addition, the agricultural scientific community necessities to 
reconnoiter this fruit crop for its underutilized and prospective potential. 

Keywords: Custard Apple, Medicinal Properties, High Nutritional Value, Human Health Care. 

Introduction 

India is producing huge number of fruits and presently occupying second place next to China in the World. This 
abundance production is not fully utilized and about twenty-five to thirty percent of it goes wasted. This may 
be the fact due to that most fruits are seasonal and highly perishable in nature (as they have a high amount of 
water). Custard Apple (Annona squamosa) locally known as ‘Sitaphal’ is generally utilized as a table fruit. It is 
processed to produce a variety of food products, viz., ice-cream, custard, milkshake, yoghurt. It is indigenously 
grown and cultivated on the Indian sub-continent since ancient times. In most villages of Hyderabad, the fruit 
is backed directly on the fire and eaten raw (Saleem et al., 2008; Yadav et al., 2011; Singh et al., 2011; Gupta et 
al., 2005). 

 
An alcohol Ancorin has been extracted from Sitaphal and it is considered to have insecticidal properties. Due to 
the presence of Annoanaine, the leaves, stem, and other parts of the plant are bitter, therefore animals like 
goats or cattle do not attack it. It is the primary reason for its rapid spread in nature and the roots of the plant 
possess purgative properties (Bhakuni et al., 1972; Vohora et al., 1975; Magadula et al., 2009; Kaur et al., 2015). 
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The dried kernel of the seed contains 30 percent of the oil which is considered to be a very useful paint and has 
high insecticidal properties. Additionally, the wood is utilized for making village carts. 

Moreover, the fruit possesses a significant amount of Vitamin C, Iron, Calcium, Sucrose (28 %), and several 
organic acids like hexanoic and pentanoic acids. It also contains substantial quantities of thiamine, riboflavin, 
niacin, and ascorbic acid, and other aliphatic ketones. The aqueous and organic extracts of seeds display anti-
tumor properties due to the presence of potent bioactive compounds. The fruit crop is a superoxide radical 
scavenger along with anti-lipid peroxidation capacity because of the high number of antioxidants present in its 
different parts (seed, pulp, leaves, roots, bark, etc). In addition, the Custard Apple also displays anti-
inflammatory, analgesic, anti-genotoxic, anthelmintic, larvicidal, anti-ulcer, hepato-protective, anti-HIV, hypo-
glycaemic, anti-hyperlipidemic, and anti-bacterial activities. Besides, the fruit crop also exhibited ameliorating 
potential of anti-thyroiditis, anti-platelet, anti-fertility, anti-plasmodial, and vasorelaxant activity (Tiangda et al., 
2000; Kaushik et al., 2009; Shenoy et al., 2009; Mujeeb et al., 2009; Saleem et al., 2008; Rahman et al., 2005; 
Ranjan et al., 2009; Patel et al., 2008). Interestingly, the plant is used in a variety of other ways, viz., timber, 
fuel, poison, skin health, hair growth, in cosmetics, and also as a natural detoxifying agent (Haque et al., 2003; 
Morita et al., 2006; Yang et al., 1970, 1979; Santos et al., 2001; Fabricant et al., 2001; Ahir et al., 2009; Singh et 
al., 2011; Junya et al., 2006). 

(http://apeda.in/agriexchange/India%20Production/India_Productions.aspx?cat=fruit&hscode=1044) 

 
Table 1: Indian Production of Custard Apple in Ten States. (Data Retrieved from National Horticulture Board 

(NHB), APEDA Agri Exchange). 

Indian Production of CUSTARD APPLE – 10 States 

Production (000 Tones) 

2015-16 

Sr No. State Production Share (%) 

1 Maharashtra 92.32 30.98 

2 Gujarat 61.18 20.53 

3 Madhya Pradesh 56.74 19.04 

4 Chhattisgarh 39.58 13.28 

5 Telangana 15.91 5.34 

6 Karnataka 14.45 4.85 

7 Andhra Pradesh 11.35 3.81 

8 Rajasthan 6.12 2.05 

9 Kerala 0.19 0.06 

10 Tamil Nadu 0.10 0.03  
Total 297.94 
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Conclusion 

Since prehistoric and feudal times, ordinary fruits have been exploited for their innate nutraceutical and healing 
properties. Custard Apple is eaten fresh due to its extraordinary dietetic standards, in terms of numerous 
Vitamins and Minerals. It is unsurprisingly gifted with numerous curative properties, viz., Anti-malarial, Anti-
Cancer, Anti-aging, Anti-Diabetic, cure stomach complications, and retains the heart in strong condition. 
Furthermore, it is greatly effective in relieving Rheumatoid aching and diminishes stress level. Consequently, 
this fruit has demonstrated pharmaceutical properties and its ingestion has validated the likely benefits in 
human health and inclusive wellbeing. Besides, it is a rich source of natural Anti-oxidants and secondary 
metabolites such as numerous phenolic and flavonoid composites, that auxiliary act as an immunity booster to 
survive with some viral and bacterial ailments. The fruit is eaten in diverse ways, either raw or processed form, 
even in trace amount the constituents affect a person’s well-being and can bring therapeutic benefits such as 
preclusion and or administration of several infections. Also, few studies stated that the phytoconstituents of A. 
squamosa have prospective healing results against different allergies, cancers, depression, etc. Conventionally, 
the plant is being applied by the primitive tribes as a basis of remedies to treat a range of maladies. The anti-
oxidant properties of this fruit play a strategic role in protection from a number of acute, chronic, and 
degenerative diseases, predominantly associated with mutation of DNA. Consequently, the need of the day is 
to systematically and precisely monitor the several metabolites, organic acids, flavonoids found in diverse 
chunks of this plant for their auxiliary exploitation in the food and pharmacological industry. The lack of 
cognizance amid the patrons along with the mislaid supply chain has massively affected the value chain of this 
fruit. Henceforth, the need of the day is establishing a structured market chain, advancement, value addition, 
and orderly production of this fruit in substantial magnitudes. Subsequently, research and development 
required to be commenced on this underutilized, underexplored fruit crop for realizing its real potential in terms 
of therapeutic as well as alimentary standards. 
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Introduction 

Soil health is an important focus for many agricultural groups interested in regenerative and sustainable crop 
and livestock production as well as land management. While awareness of soil health is increasing, it is 
important to have a good understanding of what soil health entails, how it is measured, and how to manage it 
for optimal and sustainable delivery of the ecosystem services that soils provide. Healthy soil is the foundation 
for profitable, productive and environmentally sound agricultural systems. By understanding how the soil 
processes that support plant growth and regulate environmental quality are affected by management practices, 
it is possible to design a crop and soil management system that improves and maintains soil health over time. 
Soil is a critical resource the way in which it is managed can improve or degrade the quality of that resource. 
The main causes of deterioration of soil health are due to direct/indirect human intervention are deforestation 
and removal of natural vegetation, overgrazing, converting forests to farms, cultivating steep slopes and 
degrading marginal lands, other agriculture-related activities and over exploitation of the vegetation for 
domestic purpose. Similarly, the removal or in-situ burning of crop residues, no or least addition of organic 
manures, and intensive cultivation are the major reasons for the depletion of soil organic carbon. Major threats 
to the conservation of soil resources are soil erosion both by water and air, salinization/alkalinity, acidity, 
organic carbon losses, nutrient imbalance, pollution/contamination by toxic substances, and soil sealing and 
capping. 

In an agricultural context, soil health most often refers to the ability of the soil to sustain agricultural 
productivity and protect environmental resources. Soil isn’t an inert growing medium, but rather is teaming 
with billions of bacteria, fungi, and other microbes that are the foundation of an elegant symbiotic ecosystem. 
Soil is an ecosystem that can be managed to absorb and hold rainwater for use during dryer periods, filter and 
buffer potential pollutants from leaving our fields, serve as a firm foundation for agricultural activities, and 
provide habitat for soil microbes to flourish and diversify to keep the ecosystem running smoothly. A healthy 
soil provides many functions that support plant growth, including nutrient cycling, biological control of plant 
pests, and regulation of water and air supply. These functions are influenced by the interrelated physical, 
chemical, and biological properties of soil, many of which are sensitive to soil management practices. Soil 
degradation refers to decline in the soil’s productivity through adverse changes in nutrient status, soil organic 
matter, structural attributes, and concentrations of electrolytes and toxic chemicals. 

What is Soil Health? 

Soil health is the capacity of a specific kind of soil to function, within natural or managed ecosystem boundaries, 
to sustain plant and animal productivity, maintain or enhance water and air quality, and support human health 
and habitation", covers a range of outputs including ecosystem productivity, water quality and energy balances 
(Karlen et al., 1997; Carter, 2002). 

The Soil Food Web 

Soil is home to a complex assemblage of organisms that interact to significantly impact both aboveground and 
belowground processes. The soil food web is the community of organisms living all or part of their lives in the 
soil. Soil-dwelling organisms play key roles in soil function, providing the foundation for such critical processes 
as soil structure development, decomposition and nutrient cycling, bioremediation, and promotion of plant 
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health and diversity. Soil organic matter is the base resource that supplies energy and nutrients used by plants 
and other organisms. Soil organic matter includes all the organic substances in or on the soil, including plant- 
and animal-derived material, in various stages of decay. 

 
Fig. 1: The soil food web describing the various feeding relationships of the organ- isms in the soil (source: 

USDA Natural Resources Conservation Service). 

Importance of Soil Health 

Healthy soil gives us clean air and water, bountiful crops and forests, productive grazing lands, diverse wildlife, 
and beautiful landscapes. Soil does all this by performing five essential functions: 
1. Cycling nutrients - Carbon, nitrogen, phosphorus, and many other nutrients are stored, transformed, and 
cycled in the soil. 
2. Physical stability and support - Soil structure provides a medium for plant roots. Soils also provide support 
for human structures and protection for archaeological treasures. 
3. Regulating water - Soil helps control where rain, snowmelt, and irrigation water go. Water and dissolved 
solutes flow over the land or into and through the soil. 
4. Sustaining plant and animal life - The diversity and productivity of living things depends on soil. 
5. Filtering and buffering potential pollutants - The minerals and microbes in soil are responsible for filtering, 
buffering, degrading, immobilizing, and detoxifying organic and inorganic materials, including industrial and 
municipal by-products and atmospheric deposits. 

Management Practices to Improve Soil Health 

1. Reduced tillage practices: Excessive tillage is harmful to soil health in a number of ways. Tillage increases 
oxygen in the soil, stimulating microbial activity, and results in the decomposition of organic matter. Tillage also 
disrupts soil aggregates, exposing particles of organic matter that had been physically protected within 
aggregates to microbial consumption. Inversion tillage also reduces the soil coverage provided by crop residues, 
leaving soil more exposed to erosion (see tillage sidebar). In comparison with inversion tillage practices (e.g., 
mouldboard plow), noninversion tillage causes less soil disturbance and thus less direct mortality of beneficial 
soil organisms. Some tillage is still a necessary practice in certain production systems, especially organic systems 
that do not use herbicides for weed control. When tillage is used, it is important to offset the increased rate of 
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organic matter decomposition with increased inputs of organic matter through crop residues, manure, and 
compost. 

2. Increase Organic Matter Inputs: To maintain or increase soil organic matter levels, inputs of organic matter 
must meet or exceed the losses of organic matter due to decomposition. Healthy crops can be a valuable source 
of organic matter, and crop residues should be returned to the soil to the extent possible. Incorporation of cover 
crops or perennial crops and judicious additions of animal and green manure and compost can also be used to 
increase or maintain soil organic matter. 

3. Use Cover Crops: Cover crops contribute numerous benefits to soil health. They keep the soil covered during 
the winter and other periods of time when crops are not growing, reducing the risk of erosion. The biomass 
produced by cover crops is usually returned to the soil, enhancing organic matter levels. Cover crops with 
taproots can create macropores and alleviate compaction. Fibrous-rooted cover crops can promote aggregation 
and stabilize the soil. Species of cover crops that host mycorrhizal fungi can sustain and increase the population 
of these beneficial fungi. 

4. Manage Nutrients: Carefully planning the timing, application method, and quantity of manure, compost, and 
other fertilizers will allow you to meet crop nutrient demands and minimize nutrient excesses. Healthy, vigorous 
plants that grow quickly are better able to withstand pest damage. However, overfertilizing crops can increase 
pest problems. Increasing soluble nitrogen levels in plants can decrease their resistance to pests, resulting in 
higher pest density and crop damage. Maintaining a soil pH appropriate for the crop to be grown will improve 
nutrient availability and reduce toxicity. Maintaining adequate calcium levels will help earthworms thrive and 
improve soil aggregation. 

5. Rotate Crops: Diverse crop rotations will help break up soilborne pest and disease life cycles, improving crop 
health. Rotations can also assist in managing weeds. By growing diverse crops in time and space, pests that 
thrive within a certain crop are not given a chance to build their populations over time. Rotating crops can also 
help reduce nutrient excesses. 

6. Reduce Pesticide Use and Provide Habitat for Beneficial Organisms: Beneficial insects that contribute to 
biological control or pest organisms can be harmed by the application of broad-spectrum insecticides. Farm 
scaping is a whole-farm, ecological approach to increase and manage biodiversity with the goal of increasing 
the presence of beneficial organisms. 
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Introduction 

In the early 1930s, Trichoderma was firstly reported as biocontrol agent (Weindling, 1932) and species of genus 
Trichoderma are free-living and cosmopolitan fungi in soils, decaying organic and vegetable matter (Harman et 
al., 2004a). Trichoderma species are successful antagonists having biocontrol abilities against economically 
important plant parasitic soil-borne pathogens and present abundantly in almost all type of soils (Kushwaha 
and Verma, 2014; Olabiyi and Ruocco, 2013; Shahid et al., 2014). Trichoderma attacked other plant pathogenic 
fungi and promotes plant and root growth. It uses different mechanisms for the control of plant pathogenic 
pathogens including antibiosis, mycoparasitism, the induced resistance of host cell and competition for nutrient 
and space. 

 

Plant Growth Enhancement by Trichoderma Specie 

Trichoderma spp. not only controlled pathogens, they also enhance plant growth and root development 
(biofertilizer) and stimulate plant defence mechanisms (Harman et al., 2004b). Some Trichoderma strains have 
been shown to penetrate the epidermis and establish robust and long-lasting colonization of root surfaces. 
Trichoderma spp. has been shown to improve growth of lettuce, tomato, and pepper plants (Vinale et al., 2008). 
In a study of maize plants, several months after treatment with T. harzianum strain T22, the plant roots were 
about twice as long when compared to untreated plants. Trichoderma spp. also produced gluconic and citric 
acids, decreased the soil pH, and enhanced the solubilization of phosphates, micronutrients, and mineral 
components such as iron, magnesium, and manganese (Vinale et al., 2008). 



 

 
Volume 3 - Issue 01 - January 2021       344 | P a g e  
 

 

Biocontrol by Competition for Nutrients and Living Space 

 
Trichoderma spp., are rapidly growing fungi that have persistent conidia and a broad spectrum of substrate 
utilization. They are very efficient competitors for nutrition and living space (Hjeljord et al., 2000). In addition, 
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Trichoderma spp., are naturally resistant to many toxic compounds, including herbicides, fungicides, and 
phenolic compounds. Therefore, they can grow rapidly and impact pathogens by producing metabolic 
compounds that impede spore germination (fungistasis), kill the cells (antibiosis), or modify the rhizosphere, 
(e.g., by acidifying the soil so that the pathogens cannot grow) (Benitez et al., 2004). Starvation is the most 
common cause of death for microorganisms, so competition for limited nutrients is especially important in the 
biocontrol of phytopathogens. 

Conclusion and Future Prospect 

Trichoderma spp. are correctly renowned for their capacity to generate a broad range of antibiotic substances 
that have the potential to parasitize a wide array of pathogenic fungi in the rhizosphere. In addition, 
Trichoderma spp. synthesize several metabolites which have a substantial influence on plant growth, along with 
stimulation of localized and systemic resistance and stress tolerance in plants. The recognition of Trichoderma 
elicitors and effectors by plant receptors initiates the signalling and regulation of host genetic apparatus, which 
serves as a basis for these symbionts to induce the defence metabolism in their host. The popularity of 
Trichoderma-based formulations among farmers for eco-friendly management of diseases should be enhanced. 
The ecological influence of comprehensive applications of a fungal species as well as their secondary 
metabolites for biocontrol should be assessed to confirm a database for the secure and sustainable usage of 
Trichoderma. 
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Introduction 

India claimed as the self-reliant in food production but country is more concerned about nutritional security as 
well as the implication of WTO on agriculture. The expectation of farm community on the agriculture extension 
is also changing fast as WTO is going to bring a lot of changes in Indian agriculture with the help of emphasize 
on more extension focus on low-cost technologies, high production technology, value addition through 
processing quality, price competitiveness, marketing and use of information technology in agriculture. 

The pressure of changing role and additional responsibility on public extension has attained a great significance 
in context of the present ratio between extension workers and farmers and inadequate infrastructure and 
finance. The existing gap is expected to enlarge sequentially.  In view of fulfils the gap there is urgent need of 
private extension system in our country as stated in current national policy on agriculture. The government is 
also committed to encourage the participation of private sectors in agricultural development in order to meet 
the current challenges in agriculture. 

What is Private Extension? 

The definition of Agricultural Extension varies from simple transfer of information to facilitating the process of 
total human development. The services are mainly funded and delivered by government in Indian context. But 
there are private players who also fund and/or deliver extension services.  The process of funding and delivering 
the extension services by private individual or organisation is called private extension. Whenever, the 
privatization is “the act of reducing the role of government or increasing the role of private sector in an activity 
or in the ownership of assets”(Sevas 1987). In agriculture sector, private extension and privatization are often 
viewed similarly. Private extension is solely the act of private individuals or organisations where the decision of 
privatization solely rests with government implemented in liaison with Private Extension Service Providers 
(PESP’s). 

Components of Private Extension 

The concept of privatization includes three components: 
1. It involves extension personnel from private agency/organization 
2. Clients are expected to pay the service fee (Private extension may not expect fee from clients e.g., NGO’s) 
3. Act as a supplementary or alternative to public extension service. 

Elements in Private Extension System 

Objectives Profit maximization 

Efficiency 

Target group Only those who can pay 

More committed 

Highly careful 

Active participation 

Offerings  

• Technologies Location specific 

Demand driven 

Profitable 



 

 
Volume 3 - Issue 01 - January 2021       347 | P a g e  
 

• Input supply Timely 

Organization Private consultancy 

Commercial, agro-based firms 

Input agencies 

Farmer’s organisations etc. 

Extension personnel  Accountable to farmers 

Highly motivated 

High professionalism 

Funding Client contribution 

Development agencies 

Extension service Advisory in nature 

Economic input, generates new income 

Methods Personal communication 

Small group and mass communication 

Participatory approach 

Rational of Private Extension in Agriculture 

The genesis of private extension system in agriculture may arise due to several following reasons:  
1. Inability of public extension system to reach all the farmers at all the time across the different situation under 
which they reside.  It is gradually filled by private extension because the extension worker and farmer’s ratio 
are very wide in our country i.e., 1:1000. 

2. The services which are not fully covered by public extension are being supplied by private extension e.g., 
input supply, market support, processing etc. 

3. Increasing heavy financial burden on government is one of the main reasons behind privatization.  Now, the 
government have forced to make sharp reduction in the budget of public extension programmes. 

4. Commercialization of agriculture is also one of the important reasons for privatizing as in the recent past 
Indian agriculture are shifting from more subsistence level to commercialized agri-business due to challenges 
and opportunities of globalization and liberalization process. 

5. The quick demand and technically sound advice, based on scientific analysis with appropriate marketing 
information are only possible through the privatization. The existing public extension system is not capable of 
meeting these challenges because of the following. 

a. Educational background and professional expertise of village level extension worker are not in the 
time of agricultural requirements. There are many qualified persons employed in different positions in 
agriculture and other line department are the general graduates who are in direct touch with the 
farmers. ICAR reports that out of 1,10,000 village level extension staff, only 20 per cent are having their 
professional education. In this situation transferring the emerging technologies to the poor and illiterate 
farmers at village level is a challenging task. 
b. At present the role of village level extension worker is confined to providing advisory services to the 
process of production. But, the fate of the farmer is now being decided through the processing, 
marketing and value addition of their crops in which they have very limited role to play. 

Strength in Privatization of Agricultural Extension 

1. Technological advancement in the areas of communication & information technology: It has been well 
acknowledged that information is a critical input for agricultural development. It is as important as other key 
inputs are such as credit, seed, nutrients and water. The “Information revolution” will prove to be an ideal tool 
for achieving the goal of knowledge and skill development among the farmers. 
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2. Opening out of public research and educational institutes to part with the technologies: Liberalization and 
commercialization of agricultural research institute has become a boon for privatization efforts. NATP of ICAR 
envisages clear role for both public and private systems under innovations in technology dissemination 
component. 

3. Changing cropping trend and emergence of contract farming: Assurance of farm-gate market for their 
produce has enforced several farmers to change their cropping pattern that fit into contract farming. Mutual 
trust is the key word in this business process. Technical guidance and constant supervision are being offered to 
farmers’ along with the best quality of inputs starting from planting materials in order to ensure benefit for 
both the sides.  Farmers feel secured in contract farming because contractors take half of the risk involved in 
quality as well as the quantity of the production. 

4. Need to earn more from smaller holding. 

5. Loss of credibility in the existing extension system 

6. Inability of the public extension system to reach the large target client groups. 

Role of Private Extension 

Now a day’s private extension is being focussed to the commercial resourceful big farmers, favourable 
environment areas such as irrigated, high fertile soil and commercial crop growing areas. The private extension 
often operates with the “Profit maximization roles”. The other important roles of private extension are: 
1. Farm Advisory Services for profit maximization of clients. 
2. Timely inputs supply for better production providing market information and market intelligence. 
3. Processing the client produce. 
4. Marketing the client produce. 
5. Providing credit facilities for farmers. 
6. Providing infrastructure facilities e.g.: transport, storage etc. 

Conclusion 

In India, majority of the farmers are small and marginal and they do not actively involved in the extension 
services. Moreover, around 70 per cent of net sown area in our country is rainfed with weak institutional and 
infrastructural support. The private agencies often concentrate their efforts in the areas having favourable 
physical environment such as fertile soil and satisfactory infrastructure. They are hardly interested in rain fed 
with resource poor farmers having unfavourable land areas where possibility of earning profit is very negligible 
or virtually very meagre.  Therefore, the recent trends in globalisation and increased interest in corporate 
farming should not be completely allowed to jeopardise the role of millions of small and marginal farmer and 
landless agriculturists who known as the backbone of the Indian economy. Their interest should be protected 
which could only be possible by empowering the farmers with new techniques and skills that foster sustainable 
agriculture. 
  



 

 
Volume 3 - Issue 01 - January 2021       349 | P a g e  
 

Crosstalk Among Jasmonate, Salicylate and Ethylene Signalling 
Pathways 

Article ID: 10112 
Sangeeta Sabanna Bhajantri1, Ashwini, B. N.1 

1Department of Plant Pathology, UAS, GKVK, Bangalore. 

 

Introduction 

Plants live in such a complex environment in which they intimately interact with wide range of abiotic and biotic 
stresses of microbial pathogens with different lifestyles and infection strategies. To respond to this diversity of 
enemies, plants possess a highly sophisticated defence system in which the plant hormones play important 
roles in both regulating developmental processes and activate the defence signalling networks. Phytohormones 
are signal molecules produced within the plants and occur in extremely low concentrations and hormones 
regulate cellular processes in targeted cells locally and move to other functional parts of the plant. 
Hormones involved in plant defence are: Auxin, Cytokinin, Gibberllins, Abscisic acid, Ethylene, Salicylic acid 
(SA), Jasmonic acid (JA) and Brassinosteroids. 

Hormone crosstalk: Network of signal interactions in which functional outcomes can be positive, negative. 

 
Fig. 1: Hormones in the positive or negative regulation of plant defense 

Simplified model showing the involvement of different hormones in the positive or negative regulation of plant 
resistance to various biotrophic and necrotrophic pathogens. The arrows indicate activation or positive 
interaction and blocked lines indicate repression or negative interaction (Fig. 1). 

Antagonistic Crosstalk Between SA and JA Signalling Pathways in Arabidopsis 

 
Fig. 2: Schematic representation of mutually antagonistic crosstalk between SA and JA dependent defence 

signalling pathways in Arabidopsis 
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Pieterse et al. (2003) recently showed that in Arabidopsis thaliana, SA-mediated defences that are triggered 
upon infection by a virulent strain of the biotrophic pathogen Pseudomonas syringae rendered infected tissues 
more susceptible to infection by the necrotrophic pathogen Alternaria brassicicola by suppressing the JA-
signalling pathway. Similarly, infection by the biotrophic pathogen Hyaloperonospora parasitica strongly 
suppressed JA-mediated defences that were activated upon feeding by caterpillars of the small cabbage white 
Pieris rapae (Fig. 2). 

SA-mediated defences are predominantly effective against biotrophic pathogens, such as H. parasitica, P. 
syringae, and Turnip crinkle virus, whereas JA-mediated defences are primarily effective against herbivorous 
insects, such as P. rapae caterpillars and thrips (Frankliniella occidentalis), and against necrotrophic pathogens, 
such as A. brassicicola. Cross talk between SA and JA signalling is typically visualized by monitoring the 
expression of SA-responsive genes, such as PR-1, and JA-responsive genes, such as PDF1.2. 

In the middle of the figure, a pharmacological experiment is shown in which exogenous application of 1 mM SA 
to the leaves of wild-type Arabidopsis Col-0 plants resulted in the accumulation of PR-1 mRNA and activation of 
the PR-1 promoter that is fused to the GUS reporter gene. Application of 100 mM MeJA resulted in the 
accumulation of PDF1.2 mRNA and the activation of the PDF1.2 promoter that is fused to the GUS reporter 
gene. The combined treatment with SA and MeJA resulted in strong SA-mediated suppression of the JA-
responsive PDF1.2 gene, thereby exemplifying the antagonistic effect of SA on JA signalling. Depending on the 
plant-attacker interaction, SA/JA crosstalk has been demonstrated in both directions (Fig. 2). 

Synergistic Interaction Between SA and JA in Arabidopsis Thaliana 

 
Fig. 3: Synergistic interaction between SA and JA in Arabidopsis with Pseudomonas syringae pv. 

phaseolicola 

In wildtype plants JA enhanced SA-induced PR1 transcription while SA enhanced JA-induced PDF1.2. In the npr1-
1 background PR1 transcription was not induced by SA or combined SA 1 JA treatment (Luis et al., 2006) (Fig. 
3). 

Conclusion 

In nature, plants are often subjected to various biotic and abiotic stresses. In response to these stresses, plants 
initiate a series of defence responses, the plant hormone signalling network plays an important role in the early 
regulation of plant defence response as well as plant–pathogen interaction. It will provide a novel insight into 
developing plant hormones for agricultural production by improving stress resistance and crop quality. 
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Mucormycosis (previously called zygomycosis) is a serious but rare fungal infection caused by a group of moulds 
called mucormycetes. These molds live throughout the environment. Mucormycosis mainly affects people who 
have health problems or take medicines that lower the body’s ability to fight germs and sickness. It most 
commonly affects the sinuses or the lungs after inhaling fungal spores from the air, or the skin after the fungus 
enters the skin through a cut, burn, or other type of skin injury. 

Symptoms of Rhinocerebral (Sinus and Brain) Mucormycosis Include 

1. One-sided facial swelling. 
2. Headache. 
3. Nasal or sinus congestion. 
4. Black lesions on nasal bridge or upper inside of mouth that quickly become more severe. 
5. Fever. 

Symptoms of Pulmonary (Lung) Mucormycosis Include 

1. Fever. 
2. Cough. 
3. Chest pain. 
4. Shortness of breath. 

Symptoms of Gastrointestinal Mucormycosis Include 

1. Abdominal pain. 
2. Nausea and vomiting. 
3. Gastrointestinal bleeding. 
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Who Gets Mucormycosis? 

Mucormycosis is rare, but it’s more common among people who have health problems or take medicines that 
lower the body’s ability to fight germs and sickness. Certain groups of people are more likely to get 
mucormycosis, 1–3 including people with: 
1. Diabetes, especially with diabetic ketoacidosis. 
2. Cancer. 
3. Organ transplant. 
4. Stem cell transplant. 
5. Long-term corticosteroid use. 
6. Injection drug use. 
7. Too much iron in the body (iron overload or hemochromatosis). 
8. Skin injury due to surgery, burns, or wounds. 
9. Prematurity and low birthweight (for neonatal gastrointestinal mucormycosis). 

 

How is Mucormycosis Treated? 
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Mucormycosis is a serious infection and needs to be treated with prescription antifungal medicine, usually 
amphotericin B, posaconazole, or isavuconazole. These medicines are given through a vein (amphotericin B, 
posaconazole, isavuconazole) or by mouth (posaconazole, isavuconazole). Other medicines, including 
fluconazole, voriconazole, and echinocandins, do not work against fungi that cause mucormycosis. Often, 
mucormycosis requires surgery to cut away the infected tissue. 
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Introduction 

Dryland Agriculture refers to growing of crops entirely under rainfed conditions. About 68 per cent of the 
cultivated area in Indian agriculture comes under dryland, which contributes about 44 per cent of the total food 
production and plays a critical role in India's food security. A majority of the small-scale farmers depend on the 
dry regions for their livelihood. However, aberrant behaviour of monsoon rainfall results in frequent droughts 
that impact resource poor farmers. Eroded and degraded soils with low water holding capacity and multiple 
nutrient deficiencies, declining groundwater table, etc. contribute to low crop yields that lead to further land 
degradation in the dryland areas. 

Considering the growing water shortage and as rain-fed cultivation plays a prime interest in the worldwide food 
supply (Sun et al. 2012; Li et al. 2017). On the other hand, global warming and irregular rainfall patterns are 
responsible for the shortage of water resources which limit agricultural production in arid and semi-arid regions 
(Qin et al. 2015; Li et al. 2017). Thus, agriculture water management is a major concern to save water in 
cultivated land. Also, rain-fed cultivation in dryland farming is being pressured which required more effective 
utilization by using water-saving technologies (Qin et al. 2013). Therefore, conservative and efficient water-use 
has been practiced for many years in arid and semi-arid regions of the world with great success. The goal of all 
the water conservation systems is to maximize yield by minimizing water use. The efficient use of water is crucial 
factor during crop growth periods which can greatly improve yield. Therefore, conservation of soil moisture by 
using mulching may be an efficient option to save water as well as rising production in dryland farming. 

What is Mulching? 

Mulch is defined as a coating material spread over the soil surface (Kasirajan and Ngouajio 2012). Mulching is 
the technique of covering of the soil surface around the plants with an organic or synthetic mulch to create 
favourable conditions for the plant growth and proficient crop production (Chakraborty et al. 2008; Kader et al. 
2017a). It insulates soil to protect organisms and plant roots from different meteorological conditions. 

Benefits of Mulching 

Mulching improves soil aeration around the plant, aggregates the soil particles, soil fertility, and drainage over 
time (Kader et al. 2017a). Mulch insulates soil helping to provide a buffer from heat and cold temperatures. The 
important uses of mulching are reduction of soil-water loss, soil erosion, impact of water droplets hitting the 
soil surface, weed growth, and competition for water and nutrients from the surrounding fields (Tarara 2000; 
Yang et al. 2015; Kader et al. 2017a). Mulches prevent the water loss from soil evaporation which is very helpful 
during the summer season. Mulch can help to improve soil structure and nutrient cycling due to earthworm 
movement into the soil (Qin et al. 2015). It also lowers soil pH which enhances nutrients availability. Organic 
mulch decays over time and adds nutrients to the soil as it breaks down; it increases long-term nutrient 
availability in the soil (Larentzaki et al. 2008). Plastic mulch acts as impervious to the gaseous flow which is a 
superior barrier for the fumigants and solarization process. It can also play a surprising role in pest control and 
soil health (Chalker-Scott 2007). Thus, it helps in keeping the nutrient in plant root zone for efficient utilization 
of nutrient and reducing the fertilizer leaching. Mulch is also more aesthetically pleasant as it creates a uniform 
look all over the landscape. The soil is a complex ecosystem, where the soil water is affected by many factors 
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like crop, water absorption, soil and plant water evaporation, and infiltration of rainfall (Li et al. 2013; Chen et 
al. 2018). Moreover, the suitability of soil moisture and temperature for crops is changing in different growing 
stages. Organic mulching enhances organic matter consequently increases the water holding capacity of the soil 
(Kader et al. 2017c). 

Negative Impacts of Mulching 

Mulch can be expensive in terms of labour, transport, setting removal, and disposal. The plastic film has intimate 
contact with soil which creates fragment and contaminants to soil (Steinmetz et al. 2016). Many types of organic 
mulching such as grass and straw contain seeds that may allow to grow weeds and release acid to soil (Chalker-
Scott 2007; Patil Shirish et al. 2013). Moreover, organic mulch material especially newspaper is affected by 
wind. Constant moisture content, higher temperature, and better aeration of the soil tend to favour higher 
microbial biomass in the soil thus ensure more complete nitrification under mulched soil (Huang et al. 2008). 
Soils are heavily contaminated with the films which are disposed by farmers through on-site landfilling and 
burning (Gonzalez-dugo et al. 2014). The plastic film fragments are discarded and buried in the arable layer 
which retards crop growth. 

Future Research 

Farmers in developing countries are unaware of environmental contamination of plastic mulching. Plastic mulch 
has negative impact on environment and soil ecosystem, thus finding new mulching materials is crucial. Mulch 
derives from plant sources can be a beginning of the lifecycle as a renewable source. There is still research 
limitation of economic analysis for newly developed biodegradable, textile, and petroleum-based mulch 
materials for conserving agricultural water resources. Moreover, the recycle paper-based mulch such as 
newspaper releases ink to soil surface (Haapala et al. 2014) which causes physicochemical interactions with 
soils required deep investigation in future. Further studies including suitable mulching application rates and 
plant response are required. Prospective research works may also concern about cost-effectiveness of hydro-
mulching, sprayable mulch, biodegradable, bio-film, and petroleum-based mulching in agriculture. 

Conclusion 

Mulching has become an important water conservation practice in modern agricultural production in arid and 
semi-arid environments. The mulch material protects soil surface from sunlight which reduces evaporation by 
preserving soil water and altering soil temperature. The utilization of water within soil root zone is a crucial 
phenomenon to increase water use efficiently and save the water resources by mulching. Moreover, mulching 
is not only a water-saving technique but also responsible for the beautification of farmlands. The selection of 
mulch materials largely depends on availability of material, climate, durability, and cost-effectiveness. It also 
needs to be environmentally viable for sustainable use. Therefore, it is concluded that the various mulching 
material uses can save the water resources in agriculture which lead to improve crop yield in rain-fed cultivation. 
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Global food security and hence the escalating demand for food necessitate increased production in the 
agricultural sector. Nutrient management is one of the most important factors that controls agricultural 
productivity and quality. The rate at which nutrients are applied in the soil affects not only the quantity but also 
the quality of yield and environment. Use of fertilizers has significantly improved food production but, has 
simultaneously resulted in a cascade of environmental problems which are attributed to the excessive or 
unscientific application of the chemicals. The issues and effects of fertilizer use on environment and life can be 
broadly grouped into i) ecosystem damage including water pollution, soil pollution and air pollution and ii) 
threats to life-human, aquatic, amphibians, animals and plants. 

Water Pollution 

1. Eutrophication:  Eutrophication arises from oversupply of nutrients, especially nitrogen (N) and phosphorus 
(P) in water bodies, which leads to overgrowth of plants and algae.  After these organisms die, the bacterial 
degradation of their biomass consumes the oxygen in the water, thereby creating a state of 
hypoxia.  Occurrence of dead zones are the sequel to the process  of eutrophication. Some of the examples 
include  the Dead zone of Gulf of Mexico,  Dal lake of Kashmir, Ulsoor lake of Bangalore, Loktak lake of Manipur, 
Chilika lake of Orissa,  Railadevi  lake of  Maharahstra and Vembanad lake in Kerala, to cite a few. Eutrophication 
destroys spawning areas for economically valuable fish, habitats for other marine life, dissolved oxygen, water 
transparency and aesthetic value of water body. Outbreaks of contagious diseases have also become frequent. 

2. Groundwater contamination: The main contaminant of groundwater from fertilizers are nitrates, which 
accumulate in the groundwater through run off and leaching. High rates of fertiliser N application in conjunction 
with heavy irrigation regimes on light textured soils cause the leaching of nitrate out of the root zone to the 
ground water. Concentration of > 45 mg L-1 in drinking water can lead to human and animal health problems 
(Gupta et. al., 2010).  

3. Heavy metal contamination: Any metallic element that has a high specific gravity (>5 g cm-3) and high relative 
atomic mass are considered heavy metal contaminants (Nies, 1999). Pb, Cd, Cr, Ni, Co, Mn, Fe, Zn are the 
agriculturally important heavy metals. The primary sources of metal pollution are the burning of fossil fuels, 
mining and smelting of metalliferous ores, municipal wastes, sewage, pesticides and fertilizers. Rock phosphates 
contain Cd, a metal highly toxic to humans, and hence application of phosphate fertilizer is associated with 
concern about accumulation of Cd in soils. Heavy metals get accumulated in soils and plants, exerting negative 
influences on photosynthesis, gaseous exchange, and nutrient absorption in plants resulting reductions in plant 
growth, dry matter accumulation and yield. 

Soil Pollution 

1. Soil compaction: Over-use of fertilizers causes formation and accumulation of mineral salts of fertilizers in 
soil that lead to compaction. It is inferred that the size and number of macro pores in the soil get reduced, 
increasing bulk density and penetration resistance. High soil compaction decreases permeability, drainage, 
aeration, water availability, absorption of nutrient, plant growth and yield (Massah and Azadegan, 2016). 
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2. Soil acidity: The over dependence on ammoniacal fertilizers is a major cause of concern as soils become more 
acidic on account of the ammoniacal N in them. Ammonium undergoes nitrification (conversion of ammonium 
to nitrate in soils by bacteria), and the H+ ions released increases soil acidity which interferes with the 
availability of essential nutrients and biological activity in soil.  

3. Heavy metal contamination: Long-term and simultaneous application of fertilizers and manures on 
commercial farms showed higher metal accumulation in the soil and plants than those of cooperative farm 
(Parkpian et. al., 2003). When absorbed by plants, especially leafy vegetables, heavy metals tend to accumulate 
in the leafy parts and hence find a pathway to the human body and toxicities.  

4. Decline in soil floral and faunal population: The impact of chemical fertilizer application is also on the survival 
of native soil flora and fauna. Significant lowering of soil bacterial, fungal and earthworm counts with chemical 
fertiliser application compared to the use of organic and integrated sources have been documented 
(Gurumurthy et. al., 2014).  The acidification that results with the application of ammonium sulphate and 
sulphur coated urea at high doses are fatal to the macrofauna, especially the earthworm populations. 

Air Pollution 

The major air pollutants from agricultural fields are nitrous oxide, methane and carbon dioxide which contribute 
to 15% of greenhouse gases. Pathak et. al. (2014) reported that fertilizers account for 77% of the nitrous oxide 
(N2O)  emissions from agricultural soils in India. Generation of N2O as a product of denitrification or nitrifier-
denitrification has created a lot of environmental concern due to its role in global warming and depletion of 
stratospheric ozone shield. 

Volatilization is another mechanism by which N from fertilizers reach the atmosphere. The NH3 liberated usually 
reacts with atmospheric acidic gases (SO2 and NOX) to form ammonium-containing aerosols [(NH4)2SO4, 
NH4HSO4 and NH4NO3], which are the secondary inorganic components in PM 2.5 (fine particulate matter 
smaller than 2.5 micrometers in aerodynamic diameter) and interfere with air quality, visibility and deleteriously 
affects human health. Approximately 4.8% of applied N through fertilizers are lost through NH3 volatilization 
during a rice cropping period. Ammonia emissions from adjacent fertilized lands, result in deposition on 
ecosystems and vegetation damage (Savci, 2015). Ammonium may be oxidized and turn into nitric acid, along 
with sulfuric acid from industrial sources, create acid rain after the chemical transformations. Acid rain can 
damage vegetation, organisms that live in both lakes and reservoirs. 

Threats to Life 

Consumption of high nitrate drinking water and food lead to a condition called methemoglobinemia in humans. 
Infants are more affected and is called blue baby syndrome. In the human body, nitrate is converted to nitrite 
which combine with the haemoglobin to form methaemoglobin which is rendered inefficient to transport 
oxygen. The body becomes progressively starved of oxygen, turning affected individuals blue, at first around 
the lips, fingers and toes and then spreading to the face and body.  As age advances, there will be an increase 
in stomach acids which help to eliminate the nitrate and its ill effects. Other disorders like cancer, thyroid 
problems, malformed new born baby, reproductive problems, infant mortality and hypertension were also 
reported.  

Amphibians and animals are also impaired with acute exposures to ammonium nitrate contaminated waters 
reduced activity, weight loss, and physical abnormalities in frogs, egg and fry mortality in salmon fishes, poor 
reproductive ability due to exposure to heavy metals and leading to a gradual extinction of their generations 
etc have been reported. Khayatzadeh and Abbasi, (2010) reported behavioural anomalies (such as impaired 
locomotors performance resulting in increased susceptibility to predators) or structural damages (mainly 
vertebral deformities). In livestock, grass tetany or hypomagnesemia was observed due to higher K fertilizers 
application resulted in reduced Ca and Mg uptake (Greene et. al., 1985). Nitrate poisoning in cattle affects the 
oxygen carrying capacity of blood leading to suffocation in cattle. 
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Fertilizer burn is a condition in which the roots of plants suffer damage from the overuse of fertilizers due to an 
overabundance of soluble salts in the soil. Impaired germination, reduced urease activity, leaf burn symptoms 
and enhanced micro nutrient deficiencies are common under instances of heavy fertilizer use. Heavy use of N 
fertilizers may raise the nitrate content to undesirable levels in plants which accumulate as nitrate in vacuoles  
(Zhou et. al., 2000) and cause nitrate poisoning effects, on consumption. High N levels either favour pathogen 
multiplication and lesion enlargement or, through increased vegetative growth of the plant, influence the 
microclimate in favour of the pathogen. 

Strategies to Reduce Fertilizer Pollution 

The aim of the prevention measures is to minimize nutrient losses from agricultural lands occurring by edge-of-
field runoff and by leaching from the root zone. Effective nutrient management abates nutrient movement by 
minimizing the quantity of nutrients available for loss.  The 4 Rs’ of nutrient stewardship, right quantity, right 
method, right source and right time of application must strictly be adhered. Additional farming practices like 
conservation tillage, buffer strips and filter strips created by planting dense vegetation near surface water 
bodies can impede runoff and help filter N and P from runoff, crop rotation including  legumes and deep-rooted 
crops, cover cropping and integrated nutrient management practices to a great extent can help in reducing the 
losses and hence pollution.  Proper management and site-specific applications  will also allow improved fertilizer 
use efficiency and hence improved production conserving the quality and safety of environment and produce. 
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Introduction 

Hermetic means “Air tight or Gas tight” and totally isolated from surrounding air. This technology is also termed 
as sealed storage, airtight storage or assisted storage which forms a bio-generated modified atmosphere (MA). 
Hermetic storage has provided a successful storage method for protection of commodities without fumigants 
or need for refrigeration for insect control and quality preservation of stored products. The vast variety of seed 
utilized by small-scale farmers in developing countries, especially cereals and grain legumes, are produced and 
stored on farm. Major problems such as mould and insect damage can be avoided and higher seed quality can 
be retained through embracing more effective storage strategies such as hermetic storage technologies. 

Types of Hermetic Storage 

1. Organic Hermetic Storage: It relies on the metabolic activity of organisms (insects and/or molds) present in 
the commodities to generate a low oxygen modified atmosphere. 
2. Vacuum- Hermetic Fumigation (V-HF): It involves the creation of very low-pressure atmosphere to allow 
accelerated disinfection of non-crushable commodities. 
3. Gas-Hermetic Fumigation (G-HF): In this an external gas source (usually CO2) is used for crushable 
commodities, such as dried fruit, prior to shipment. 

a. Based on post-harvest storage and transportation needs different forms of hermetic storage are used. 
The most widely used form of hermetic storage is Organic-Hermetic Storage. 

Aspects Contributing to Success of Hermetic Storage 

1. Prevention of Moisture entry. 
2. Protection from Rodents. 
3. Low oxygen and high carbon dioxide content. 

Uses of Hermetic Storage 

1. Quality preservation (Aroma and Flavour). 
2. Preservation of Germination and Vigour in stored seeds. 
3. To prevent further insect development. 
4. Maintain seed germination percentage. 

Storage Structures and Enclosures Developed for Hermetic Storage 

1. Super grains. 
2. Cocoons. 
3. Hermetic bunker storage. 
4. Transafeliner. 
5. Perdue improved crop storage (PICS) triple layered sacks. 
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Applications of Hermetic Storage 

1. Long-term storage of cereal grains, primarily rice, corn, barley, and wheat. 
2. Quality preservation of high-value commodities, such as cocoa and coffee. 
3. Long-term storage of a variety of seeds to preserve germination potential and vigour. 

  
Cocoons (5 to 1000 tonnes) SuperGrainbags (60 to 90 kg) 

 
Bunker storage (10,000- 20,000tonnes) 

  
TranSafeliner PICS woven outer bag 
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Conclusion 

The need for alternative methods of prevention and control of insect infestations in stored products has become 
acute over the last few years. This is because conventional measures using insecticides are being questioned by 
environmental agencies and pressure-groups, and the choice of available permissible materials is decreasing. 
Hermetic storage is an environmentally friendly technology, involving no hazard to the storage operators, 
consumers or non-target organisms, and as such, its application should enjoy a high level of consumer 
acceptance. 
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Introduction 

Minimum Support Price (MSP) is the way-out for safeguarding the Indian farmers from the irregularities and 
uncertainties of the markets. MSP is the benchmark which helped India transform from food-deficient nation 
to a food-surplus nation. MSP has helped the Indian farmers to drive out the ill effects of financial fluctuations 
over the years. 

During Independence, India was deficit in cereal production. Only after struggling for a decade, India finally 
decides to go on for an extensive agricultural reform. It was in the year 1966-67, that the MSP was introduced 
for the 1st time by the centre. The MSP for the wheat was fixed at Rs 54/quintal for the first time. Meanwhile 
the policy makers got an idea that MSP was essential for the farmers as it would provide them the financial 
support for growing crops for the next season. Without the incentives, farmers wouldn’t go for growing out 
wheat and paddy as it was labour intensive and didn’t fetch good prices. 

MSP is only good as its implementation, especially with India turning food surplus and crop prices tending to 
fall more than rise. Though govt announces MSP 23 crops, it effectively procures only a third of these. 

Government Procurement Vs. Production 

*(Million Tonnes) 

Crop Procurement Production %Procured 

Rice 51.23 118.43 43.26 

Wheat  38.99 107.59 36.24 

Cotton 104.62* 354.50* 29.51 

Chana 2.1 11.35 18.47 

Arhar/Tur 0.72 3.83 18.8 

Moong 0.14 2.46 5.69 

Mustard 0.8 9.12 8.78 

Groundnut 0.71 10.1 7.03 

*Lakh Bales of 170kg each; data for 2019-20 

Discussion 

Basing on the previous season’s demand, a farmer starts sowing his crops. Even if a farmer is enlightened about 
the global trends, he still has to keep certain factors in mind before sowing. The law of supply and demand 
doesn’t work in agriculture because if the trend of supply or demand change during the crop cycle, the farmer 
can’t do nothing about it. In such situation, MSP acts as an assurance to the farmers to have a steady income. 
Otherwise, a sudden dearth may result in farmers going bankrupt and such cases happens every year at places 
where farmers weren’t able to go to the APMC mandis to get MSP. Afterwards, those farmers were unable to 
pay the loans they took for raising the crop and face severe backlash from the microfinance lenders/banks and 
thus end up giving off their lives. In such cases, only the state can safeguard the farmers from the uncertainties 
of the market. This can be achieved by govt. procurement at MSP.  
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According to the textbook theory, if we open up the agricultural trade to everyone, then the farmers can opt 
for a wider range of buyers. This will help the farmers to get more demand of their product and thus the farmer 
will get better price of his produce than the MSP system could offer. Again, the Agri-Business companies will 
compete against each other for providing good transport, marketing and retail services. Thus, they’ll have to 
keep the costs low, while paying the farmers more. Due to this, now we have a win-win situation here. The 
farmers would get more, the corporates would earn margins by reducing the distribution cost and consumers 
would have to pay less. But in reality, such things don’t happen. According to the new farm bill, amended by 
the govt., the farmers would have no power against the big corporates. There’ll be a purchase contract made 
between the farmer and the corporate and this has to be done before the sowing season. Then according to 
the contract, the farmer, will anyhow, have to meet the crop quality and standards as mentioned in the contract. 
The buyer will also have the right to terminate the contract in case of any discrepancies. If any unfortunate 
incident happens, then the farmer will not be able to meet the quality standards and thus will be unable to 
deliver the produce. As a result, the farmer will be under the mercy of the corporate. 

The corporates having the ability to integrate a part of the of the existing grain traders into their system, will 
take undue advantage of the complex crop procurement system. They’ll quickly capture the market and become 
monopsonies. They’ll soon have dictatorship over the prices and the farmers will have no one to safeguard 
them, as there will be no MSP system to protect them at that time. The same price assurance system provided 
by the govt. will now be in the hands of big corporates. Even if the rural exploitative relations are preserved, 
the lifeboat of MSP will be snatched away. 

Conclusion 

What are the things that the farmers should fight for in this new farm bill? 
1. Even if the govt. is assuring to provide MSP, there's no mention of MSP in the farm bill. The farmers, therefore 
should fight for making MSP as an Act. 
2. Even if this bill provides free trade of agricultural commodities, export of onions is still banned, which goes 
against the new law. Farmers of other states should raise their voice against this ban, just like what the farmers 
of Maharashtra did. 
3. India has a record production in horticulture crops. Still, there's no MSP for horticultural crops, for which 
farmers are often forced to distress sell their produce. So, farmers must raise their voice in this issue. 
4. The farmers can raise their voice for procurement of cash crops too, as cash crops have the potential to fetch 
good price. 
5. As mentioned under the Santha Kumar Committee (2015) on Restructuring of FCI, the farmers should request 
the govt to procure more oilseeds and pulses which will then help the prices of such commodities to remain 
fair. 
6. Instead of disempowering the APMC mandis, the farmers should urge the govt. to increase the no. of APMC 
mandis, develop them and reduce the control of arhtiyas. 
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Introduction 

Endophytic fungi as well as plant-parasitic nematodes probably coevolved with all plant life on earth including 
cultivated crop plants. While endophytic fungi often form mutualisitc associations to the benefit of the plant, 
plant-parasitic nematodes can cause detrimental yield losses. Although both groups of organisms interact very 
closely within the plant tissue, the potential role of endophytic fungi in nematode control was long overseen. 
Only recently has research on the interrelationships between endophytic fungi and plant-parasitic nematodes 
gained the interest of science working in plant protection. Numerous non-pathogenic endophytic fungi have 
been isolated from agronomic crops such as tomato and banana and have shown antagonistic potential towards 
a diverse spectrum of plant-parasitic nematodes (Hallmann and Sikora, 2011). 

Mechanisms Involved in Control of PPN 

Endophytes can directly attack, kill, immobilize, or repel nematodes, confuse them when finding their host, 
interfere with nurse cell development, compete for resources, trigger plant defense responses, increase 
tolerance, or employ a combination of those options (Schouten, 2016). 

1. Attacking and Trapping: Nematophagous endophytic fungal isolates viz., Acremonium implicatum, 
Paecilomyces lilacinus, Arthrobotrys oligospora, and Trichoderma asperellum, can trap, kill and devour the 
nematodes either in the soil or in plant roots. To enter into nematode eggs, larvae and adults it uses mechanical 
forces in the form of appressorial structures and lytic enzymes. 

2. Competition for Resources: The delayed nematode development and reduced fecundity may be attributed 
to a direct competition for sugars from the giant cells by the endophyte. Because there is an intense transport 
of sugars from phloem into the giant cell, this could be an important target for endophytes to obtain their 
nutrients. Recently, a new class of plant sugar transporters (SWEET) was identified that plays a role in the 
loading of sugars from the phloem parenchyma, via the apoplast, into the phloem companion cell. Because 
bacterial symbionts and fungal and bacterial pathogens were capable of inducing SWEET gene expression, it is 
assumed that these microorganisms force the sugar translocation into the apoplast, thus facilitating direct 
access to sugars for their own benefit. Verifying SWEET gene expression in the roots as a whole, and in the giant 
cells in particular, in the presence and absence of an endophyte could therefore shed light on the access of 
endophytes to sugars. 

3. Nematostatic or Nematocidal effect: Secondary metabolites produced by fungal endophytes may affect the 
nematode by killing/paralyzing/repelling or confusing them during searching of their host plant. Eg. Culture 
filtrates of Neotyphodium species caused mortality among preparasitic M. incognita larvae. The antagonistic 
activity is attributed to the types of mycotoxins synthesized, which, because the endophyte resides in the upper 
plant parts, are basipetally transported into the root system. Secondary metabolites like loline, ergovaline, and 
α-ergocryptine have nematocidal activity, whereas ergocornine and ergonovine are generally nematostatic. 
Ergovaline had a repelling effect at high as well as low concentrations, and N-formylloline was an attractant at 
concentrations lower than 20 μg/ml, although it served as a repellent at higher concentrations. 

4. Endophytes Producing Plant Hormones: Endophytic fungi can produce plant hormones viz., auxins, 
cytokinins, and gibberellins like many other bacteria and fungi. After inoculation with Trichoderma virens or 
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Trichoderma atroviride the Arabidopsis seedlings showed increased biomass and accelerated root development 
which are typically auxin-related phenotypes. Pochonia chlamydosporia, the strain of endophytic 
nematophagous fungi was reported to produce IAA under in vitro cultures. An increase in tolerance to 
nematode infection was due to an increase in root growth which was compensated by the restricted water 
transport. 

5. Mobilizing Plant Defenses: The initial plant responses to endophytes may be similar to immune responses 
detected in the interaction with pathogenic microorganisms, which is subsequently modulated during later 
stages of the interaction, thus enabling a successful colonization of the host plant while simultaneously priming 
the plant for defense against other microorganisms. The endophytic nematophagous A. oligospora and P. 
chlamydosporia induced the formation of papillae and other cell wall appositions in barley and tomato, 
respectively. These cell wall structures are associated with plant resistance but can be elicited by both 
pathogenic and nonpathogenic fungi. 

Conclusion 

The mechanism by which endophytes operates is multifaceted: there is ample evidence that various endophytes 
can support plants in resisting plant pathogenic nematodes. A better understanding of the mechanisms behind 
this antagonism is important for the application of the endophytes or specific endophyte-derived compounds 
in the field condition. Advances in molecular, biochemical, analytical and methodological approaches will 
facilitate the unravelling of the individual mechanisms in times to come. 
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Introduction 

Kiwi, Actinidia deliciosa, is a deciduous climbing vine or shrub in the family Actinidiaceae grown for its edible 
fruits. The plant is vigorous and woody with nearly circular leaves which have long petioles and are alternately 
arranged on the stems. Young leaves and shoots are covered in tiny red hairs, while mature leaves are smooth 
and dark green on the upper surface and white and downy on lower surface. Kiwi may also be referred to as 
kiwifruit or Chinese gooseberry. 

Pests of Kiwi 
1. Brown headed caterpillar: Ctenopseustis obliquana (Walker) (Lepidoptera Tortricidae). 
2. Green headed caterpillar: Planotortrix excessana (Walker) (Lepidoptera: Tortricidae). 
3. Greedy Scale: Hemiberlasia rapax (Comstock)(Hemiptera: Diaspididae). 
4. Passionvine hopper: Scolypopa australis (Walker) (Hemiptera: Ricaniidae). 
5. Two spotted mite: Tetranychus urticae (Koch) (Arachnida: Tetranychidae). 
6. Thrips: Heliothrips spp.(Bouché) (Thysanoptera: Thripidae). 

Brown Headed Caterpillar: Ctenopseustis obliquana 

They web together leaf edges or leaves and fruit to form a shelter to live in often rolling the leaves into a tube. 
Brown headed leaf roller caterpillars feed singly on the leaves, stem and buds of the host plant whilst sheltering 
beneath a protective webbing of silk and foliage. Major defoliation is rare, as high populations are not often 
sustained over a whole season. The apical buds on the leaders of young trees may be hollowed out and the 
stems chewed and this may cause loss in height, the production of multiple leaders and a kinked stem. The most 
serious damage occurs when persistent attack on the leader results in permanent stem malformation or 
prevents young trees overtopping surrounding vegetation. 

  
Larva Adult 

Green Headed Caterpillar: Planotortrix excessana 

Planotortrix excessana, the green headed leafroller, is a moth of the family Tortricidae. It is native to New 
Zealand and is an introduced species in Hawaii. It is extremely variable in appearance and feeds on many native 
and introduced species. It is regarded as a pest of some agricultural and forestry crops. 

It also causes scarring damage on fruit such as apples and kiwifruit which can result in the fruit being rejected 
for export. This species can be controlled by insecticide sprays. P. excessana is also parasitised by Ancistrocerus 
gazella, a solitary wasp accidentally introduced to New Zealand. 
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Adult 

Passionvine Hopper: Scolypopa australis 

Passionvine hopper (PVH) has become a serious pest of kiwifruit. Like other Hemiptera, the Passion vine hopper 
has piercing and sucking mouth parts. The long stylets, special shaped rods, are held in the rostrum. When it 
wishes to feed, the bug moves the tip of the rostrum to a suitable part of the plant. The stylets are then gradually 
pushed into the plant. The stylets form two tubes, one through which saliva is injected into the plant and a 
second through which plants juices are sucked up into the insect. The Passion vine hopper feed on plant sap in 
the phloem. Excess liquid is secreted as honeydew. They produce a lot of honeydew that coats plant leaves. 
Black sooty moulds may grow on it. 

 
Adult 

Two Spotted Mite: Tetranychus urticae 

Two spotted spider mites remove the sap, the mesophyll tissue collapses and a small chlorotic spot forms at 
each feeding site. It is estimated that 18 to 22 cells are destroyed per minute. Continued feeding causes a 
stippled-bleached effect and later, the leaves turn yellow, grey or bronze. Complete defoliation may occur if the 
mites are not controlled. 

 
Webbing and feeding by mite 

Thrips: Heliothrips Spp. 
This thrips feeds primarily on the foliage of ornamental plants. It attacks the lower surface first and, as feeding 
progresses and the population increases, moves to the upper surface. The leaves become discoloured and 
become distorted between the lateral veins. Severely damaged leaves turn yellow and drop. In addition to the 
feeding damage, both surfaces are covered with small droplets of a reddish fluid, voided by the thrips, that 
gradually turn black. These globules of fluid increase in size until they fall off, resulting in a characteristic spotting 
of the infested area with black specks of faecal material. 
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Thrips feeding on leaves 

Integrated Pest Management for Kiwi 
1. Deep summer ploughing to break hard pan and to facilitate rain water absorption & deep root penetration. 
2. Timely planting should be done. 
3. Vineyard sanitation. 
4. Destroy the alternate host plants. 
5. Heavy winter pruning of egg laying sites. 
6. Spray them with Neem; it acts as a deterrent and anti-feeder. Biodegrades within two weeks when exposed 
to sunlight. Repeated application. 
7. Companion plants such as geranium and petunia, marjoram, coriander, chamomile and yarrow. 
8. Sprinkle water over the seedlings to check the multiplication of thrips 
9. Use propagative material that is free of scales.  
10. Adequate plant spacing is important because armoured scales seldom spread from plant to plant unless the 
crowns of the plants are in contact.  
11. As plants grow, pruning maintains spacing and allows maximum coverage when using insecticides 
12. Release or augment the biological control agents like parasitoids Aphytis wasps, Encarsia sp. and predators: 
Green lacewings, Minute pirate bugs, and Ladybird beetle, Chilocorus bipustulatus, Chilocorus infernalis, 
Chilocorus cacti. 
13. Predatory mites like Amblyseius, Metaseiulus, and Phytoseiulus; ladybird beetles, Stethorus; the minute 
pirate bugs, Orius; the thrips, Leptothrips; and the lacewing larvae, Chrysopa. Scolothrips sexmaculatus, 
Phytoseiulus persimilis. 
14. In greenhouses, the ghost ant, Tapinoma melanocephalum (Fabricius are good predator). 
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Introduction 

Presence or absence of disease-causing organisms viz., fungi, bacteria, viruses, nematodes and insects. Seed 
borne pathogens by deteriorating the seed health they affect the nutritive value of the products ultimately, the 
market value.  

There is need to study the seed health so, the main objectives of seed health are as follows: 
1. Resistance of cultivar. 
2. Seed Certification. 
3. Planting value of seed. 
4. Seed Storability. 
5. Quarantine purpose. 
6. Recommending seed treatments. 

Molecular Approaches in Seed Health 

1. Conventional polymerase chain reaction (PCR). 
2. Reverse transcriptase (RT) PCR. 
3. Real time or Quantitative (q) PCR. 
4. Nested PCR. 
5. Enzyme Linked Immune Sorbent Assay- ELISA. 

Conventional Polymerase Chain Reaction (PCR) 

In PCR-based diagnostics, primers are designed to pair with the unique DNA regions from target organisms for 
DNA amplification and detection. Specific amplification of target nucleic acid sequences is widely used to detect 
and identify plant pathogens. The amplification of target product confirms the presence of the organism in the 
tested sample. The original method of visualizing the amplified product through agarose gel electrophoresis 
with ethidium bromide (EtBr) staining has been replaced by less toxic and more sensitive SYBR GREEN detection 
under UV irradiation. 

Steps involved in Polymerase chain reaction (PCR): 
1. Denaturation: Unwinding the double helix by heating to 95 ℃ for 30 seconds. 
2. Annealing: Priming the DNA by cooling the test tube to 50 ℃ for 30 seconds. 
3. Extension: Adding on complementary nucleotides and reheating to 72 ℃ for 60 seconds. 
4. Final extension: Allow reannealing of the PCR product into double-stranded DNA to 74°C for 5 minutes. 
Eg: Bacterial leaf blight- Xanthomonas oryzae pv. Oryzae. 

Reverse Transcriptase (RT) PCR 

In RT-PCR the RNA is reverse transcribed using the enzyme reverse transcriptase. The resulting cDNA is then 
amplified using conventional or any other PCR-based method. Unlike conventional PCR, RT-PCR allows pathogen 
quantification and monitoring of the reaction while in progress. Different chemistries are commercially available 
such as SYBRGreen, TaqMan, Scorpion, and Molecular Beacons. 
Eg: Bean common mosaic virus (BCMV). 
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Real Time or Quantitative PCR (q-PCR) 

This technique is an improved form of conventional PCR in which the DNA can be quantified along with the 
amplification. Monitoring of the reactions during amplification steps has been made possible by the use of 
fluorescent dyes such as SYBR Green I or sequence-specific fluorescent-labeled probes as the Taq Manprobe 
(Badali and Nabili 2012). When the fluorescent dye intercalates to DNA, fluorescent signal is generated (Fig. 1). 
This signal increases as the amount of targeted DNA increases after each cycle of amplification (McCartney et 
al 2003). 
Eg: Glume blotch of wheat- Septoria nodorum. 

 
Fig. 1: Schematic representation of quantitative(q)- PCR 

Nested PCR 

Nested PCR is a modification of PCR that was designed to improve sensitivity and specificity, intended to reduce 
non-specific binding in products due to the amplification of unexpected primer binding sites. In nested PCR two 
rounds of PCR are performed so, two sets of primers are used viz., first set (external) and second set (internal) 
primer (Fig. 2) where second set internally to those used in the first round. Sometimes immunocapture is used 
to concentrate pathogenic cells prior to PCR, thus increasing detection sensitivity. 
1. This method is mainly used in detection of phytoplasma diseases (Grapevine yellows). Eg: Bacterial blight of 
onion - Xanthomonas axonopodis pv. allii. 

 
Fig. 2: Diagrammatic representation of Nested PCR 

Enzyme Linked Immunosorbent Assay (ELISA) 

The ELISA is generally used in a wide range of situation due to its sensitivity, adaptability and economy in use of 
reagent and thus it falls into two broad classes: “Direct” and “Indirect” ELISA test. The direct ELISA procedure 
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involves the binding of antibodies (immuno gamma globulin/IgG fraction of antiserum) to the well surface of 
microtitre plate which further capture the virus in the test sample. The captured virus is then detected by 
antibody-enzyme conjugate kept for a particular incubation followed addition of colour development reagents 
(substrate). This procedure is also called Double Antibody Sandwich ELISA (DAS-ELISA). 
Eg: Common bunt of wheat- Tilletia caries. 

Conclusion 

Seed health is a well-recognized factor and seed health testing to detect seed-borne pathogens is an important 
step in the management of crop diseases. Seed health is a measure of freedom of seeds from pathogens. 
Specificity, sensitivity, speed, simplicity, cost effectiveness and reliability are main requirements for selection 
of seed health tests methods. PCR has many beneficial characteristics that make it highly applicable for 
detecting seedborne pathogens. 
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Introduction 

The disease anthracnose caused by Colletotrichum graminicola (Ces.) G. W. Wilson (syn. Colletotrichum 
sublineolum (Henn.) is the most devastating disease in sorghum worldwide, particularly under warm and humid 
environmental conditions (Costa et al. 2015). 

It is a polycyclic disease and the favorable conditions for disease development are temperature >25oC with 
frequent rain or high humidity. The pathogen is internally seed-borne in sorghum and can survive up to 20 
months of storage (Gwary et al. 2006).The pathogen is highly variable and causes both leaf spot (anthracnose) 
and stalk rot (stalk rot). It infects the foliage, stalk, panicle and grain thereby degrading not only the quantity 
but also the quality of both grain and stover. 

In the susceptible genotypes, anthracnose significantly reduced yields as high as 86% with 100% disease severity 
(Cota et al. 2017). Therefore, developing and integrating effective management strategies is inevitable to 
manage this ever-evolving disease. 

Management 

For the management of Sorghum anthracnose, different approaches can be exploited depending on the crop 
type and climatic conditions of the area. The intensity of management is based on crop utilization; grain, fodder 
and biofuel. It also depends on the severity of the disease. Several advances are made on various management 
approaches to tackle the disease by various researchers. 

1. Cultural management: 
a. Employing various cultural practices such as planting disease free seeds, weed and residue 
management, and crop rotation can assist in minimizing the disease. 
b. Scouting the crop for disease in the field for timely application of fungicides is advisable. 
c. In Eastern Ethiopia, residue removal, flowering growth stage, weed control, and rotation of different 
crops in the field was associated with lower anthracnose severity (Aragaw et al. 2019). 

2. Host resistance: 
a. Using resistant varieties is the most effective and economic strategies to control sorghum anthracnose 
(Li et al. 2013). 
b. The identification of quantitative trait loci conferring anthracnose resistance and also identification 
of single-nucleotide polymorphisms linked to these loci provide the necessary molecular tools for 
marker assisted introgression of durable anthracnose resistance into elite sorghum inbreds. 
c. The phenotypic and genotypic information for anthracnose resistant accessions will provides a 
valuable resource for its correct use to broaden the genetic base of breeding programs (Cuevas et al. 
2018). 
d. Many anthracnose resistant accessions have been identified from various regions (Cuevas et al. 2018; 
Erpelding 2012; Xu et al. 2020).  
e. Recently, Fu et al. (2020) provides insights into genome wide dynamics of mRNA and miRNA profiles, 
biological and cellular processes underlying host responses to fungal infection in sorghum. They 
identified fungal induced genes, miRNAs and their targets with a potential function in host responses to 
anthracnose which is opening avenues for genetic dissection of resistance mechanisms.  
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3. Chemical management: 
a. In case of susceptible variety, timely and crop stage specific application of fungicides can be employ 
to reduce the disease severity. 
b. Seed treatment and foliar spray with fungicides can reduce this disease; however, care should be 
taken to use only the recommended chemical and its doses at appropriate time and duration. 
c. For instance, when disease onset occurs at or prior to boot a single application of pyraclostrobin-
containing fungicide at or just prior to flowering reduces anthracnose, protects yield, and increases 
income. However, when disease is absent or severity is low prior to flowering, fungicide application may 
not be profitable (Acharya et al. 2019). 

4. Bio-intensive management: 
a. Biocontrol agents could be employed to manage anthracnose and enhance plant growth and yield 
potentialities in sorghum at the same time. 
b. Isolates of T.harzianum (Th 43 and Th 39) and P. fluorescens (Psf 27) increased plant height, collar 
diameter and reduced disease severity as compared to non-solarized soil alone or fortified with 
biocontrol agents (Singh 2008). 
c. Yeast Torulaspora globosa and Candida intermedia inhibited the pathogen Colletotrichum graminicola 
causing anthracnose of sorghum (Magri et al. 2011). 
d. Seed biopriming Th-43 Trichoderma harzianum isolate obtained maximum seed germination and 
plant height with maximum reduction in disease severity (Meena et al. 2012). 
e. Furthermore, integration of seed biopriming with Trichoderma + soil application of Trichoderma 
enriched FYM + foliar spraying Trichoderma reduced the percent disease index and increased the grain 
yield (Manzar and Singh 2020). 

Conclusion 

Sorghum anthracnose is a devastating disease globally owing to high yield reduction of the crop if not tackle 
properly on time. Several advances are made to manage the disease and to minimize the overall disease impact 
on the crop production. 

Adopting good cultural practices still has great value on reducing the disease. Identification of more anthracnose 
resistant accessions and understanding genomic studies of host provides potential resources for management 
of the disease. 

Administration of fungicides in specific basis can be profitable. Nevertheless, the use of various biocontrol 
agents by far seems to be one of the best approaches providing not only reduction in disease severity but also 
enhancing the crop health and production. 
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Introduction 

A garden on the flat roof of a building, especially one found in an urban setting is called a roof garden. Often 
there is a misconception in India between roof gardening and terrace garden. In modern times with a compound 
and a lawn, especially in cities and towns are becoming rare and skyscrapers are replacing such homes. As a 
result, the private home gardens are vanishing and the only places left for gardening are the roofs of houses. A 
spacious well planned roof garden can be a place of joy and recreation. In bigger cities of India, many of large 
hotels and public buildings are developing this type of gardens. The energy analysis of the building with the 
traditional roof showed that the consumption of the total biomass energy produced annually to keep the 
required indoor thermal conditions was about 15304 kW.(Francesco Barreca, 2016.). 

Types of Roof Garden 

There are three basic types of roof garden and these three types relate to the amount of maintenance they 
require, the depth of soil and the types of plants the area will support. The three types are:  

1. Extensive living roofs: Range from as little as 1 to 5 inches in soil depth. Depending on the soil depth and 
type of substrate, loads can vary from 15 lbs./sf to 50 lbs./sf. (i.e., historic green roofs in Berlin, Germany, built 
around 1900, weigh about 42 lbs./sf.)  Not designed for public use but can be accessed for routine maintenance 
walks, (generally performed once per year).Primarily built for their environmental benefits.  

2. Semi-Extensive living roofs: These roofs have deeper soils and can therefore support a greater number and 
wider variety of plants, making them more decorative. However, their depth makes them heavy so they require 
a strong structure to support them. They can combine the relatively low maintenance of Extensive roofs with a 
more aesthetic appearance. 

3. Intensive living roofs: Require a minimum of one foot of soil depth to create a more traditional roof garden, 
with large trees, shrubs and other manicured landscapes.   

a. Multi-layer constructions with elaborate irrigation and drainage systems.   
b. Add considerable load (from 80 to 150 pounds per square foot [lbs./sf]) to a structure. 
c. Require intensive maintenance.   
d. Designed to be accessible. 
e. Used as parks or building amenities. 

The technology of green roofing is sophisticated but their planning and design is comparatively neglected. 

4. Communal roof-gardens: Green roofs can slope down to ground level, to make them accessible to 
pedestrians. This roof design is used for a spa hotel - an unusually protected environment. It could be used for 
campus-type environments (e.g., business parks and universities).  

5. Public roof-parks: A green bridge can be used to join green roofs on separate buildings, thus creating a 
continuous public or private green space at roof level. This green space planning idea is described elsewhere as 
a skyway. (Proto et al. 2014). 

6. Nature conservation roofs: it is often more appropriate to use vegetated roofs as wildlife habitats than as 
amenity green roofs for people. 
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7. Private roof gardens: roofs designed as living space have been made since ancient times. Unlike the roof 
garden types described above, private roof gardens benefit from: 

a. A surrounding wall, at least to waist height, for safety. 
b. An overhead shelter, or pergola, to provide spatial security and shade when required. 

Design & Style 

A roof garden needs careful thought, especially planning and designing is important. One advantage of roof 
gardens is that they invariably have wide views - it's a bit like gardening on top of a hill - but it will also have 
similar problems with wind at roof top height. And temperatures will be more extreme than at ground level, 
too. It’s a great opportunity to make a private green oasis that'll look intriguing to all who get a glimpse of it - 
but only a few will enjoy a closer look.  

Step1: The structures visible from the ground or those that alter the roofline of a building. The structural 
strength of the roof must be surveyed. It has to be capable of supporting the additional weight of the garden, 
and soil is very heavy without any planting. The bulk of extra weight in roof gardens is usually concentrated 
around the sides, where it is supported by load-bearing walls. The waterproof membrane of the supporting roof 
must not be breached, and the construction of roof top beds and paved areas needs special consideration. So 
too does dealing with rainwater - recycling it for use on planted areas is a desirable option. 

Step 2: Remember when planning the garden that access will be restricted! Everything in the rooftop garden 
has to be brought up, through the living area and out into the garden. Roof garden should be through an 
entrance in the middle, resulting in an L-shaped garden space. 

Step 3: Safety is an important consideration. Every feature must be very securely and safely fitted. Winds will 
be more extreme, so baffling screens to make wind shelters and limit views are a good idea. So too are 
structures for shade because temperatures are more extreme, and heat will be radiated back from the roof 
surface. These should all be well designed and secured in the garden. Containers have to be stable, and not 
placed where there is danger of them being blown away. 

Step 4: Consider garden's layout and the materials which are used. Trying to reduce the weight of hard 
landscaping materials is important. Timber and plastic are both useful for screens, arbours and other structures. 
Canvas awnings, tightly secured, provide good instant shaded spaces. Decking is a good, useful choice for 
seating areas. Fibre glass artificial rocks look realistic and are much lighter than the real thing for making natural 
features. Galvanised metal has become popular for containers and raised beds. Make sheltered places for any 
water feature in sheltered spots. 

Step 5: When planting take the following into consideration. Temperatures will be approximately 50C higher 
than the air temperature at ground level. Wind funnelling can be a problem, with wind speed factors doubled 
on average, causing much greater water loss from plants. Roof gardens are like large container gardens. Make 
areas of shelter to widen planting options. Beds and containers should be lined and given adequate base 
drainage before filling with a lightweight planting medium. 

Lawns may use too much precious space and water in your roof garden. Roof garden plants need to be tolerant 
of high levels of sun, wind and drought. By making shelter, you will prolong the growing season. Trees are not 
really viable at this level, so use walls, fencing, trellis, pergolas and arbours for vertical planting interest.  

To build a garden fit for flowers requires several layers to be constructed:  
a. Waterproof layer: The base layer. Added to the existing surface, this will give greater security and 
peace of mind even if the roof is already soundly waterproof.  
b. Roof membrane: Waterproofing layers, such as asphalt and bitumen, are very susceptible to damage 
from plant roots and any root penetration may lead to leaks. A pond liner or butyl lining or 300-micron 
damp-proof polythene should be laid over the waterproof layer and, wherever possible, in one 
continuous sheet. Otherwise, the sheets should overlap by at least 20cm.  



 

 
Volume 3 - Issue 01 - January 2021       378 | P a g e  
 

c. Filter Sheet: This sheet allows moisture to drain off of the roof whilst ensuring fine materials don't 
escape.  
d. Moisture Blanket: For extensive living roofs, this blanket will ensure that the growing medium 
contains enough moisture to support life. Commercial ones can be bought which do not degrade but it 
is possible to use cardboard or old blankets to achieve the same effect.  
e. Drainage layer: Like the moisture blanket, this helps to retain moisture while allowing excess water 
to drain away. Commercial systems store water and are made of plastic or geotextile materials. Sedum 
mat on the roof of an extension.  
f. Soils and Substrates: The top layer. The growing medium should be lightweight and free draining yet 
of a material that retains moisture. Many people use aggregates mixed with light sub-soils such as 
crushed porous brick and limestone chippings.  
g. Seeds and Plants: Sow seeds on the substrate, or put in plug plants (small plants in individual cells) 
and watch them grow. 

Suitable Roofs 

Flat roofs lend themselves the best to roof gardens although it is also possible to green other roof types such as 
pitched, barrelled and domed roofs. Here are some of the structures typically used for domestic roof gardens:  
1. Garage: Garages with flat asphalt roofs should be able to support a lightweight living roof such as a sedum 
blanket or, if a concrete deck has been used, a deeper substrate-based, extensive living room that can be used 
to grow wildflowers.  

2. Sheds: Sheds are often quite lightweight structures so it is often inadvisable to build any greenery on them 
without checking for suitable support first, although it is easy enough to encourage moss to grow. It is however 
quite easy to install additional support to domestic sheds, thus allowing you greater range in your efforts.  

3. Extensions: It should be possible to build a roof garden on an extension but the type largely depends on the 
supporting structure underneath. 

Planting and Care 

1. Popular materials for containers are plastic, terra cotta or wood with adequate drainage holes. Terra cotta 
dries out quickly while the thicker modern plastics that resemble terra cotta or other traditional materials retain 
more moisture.  
2. Use light-weight soil-less mixes or patio mixes for containers.  
3. Choose plants that will tolerate rooftop or balcony conditions, drought tolerant.  
4. Provide some lath-type structures for shade. Can use vine-covered trellising as a wind-break or privacy screen.  
5. Daily watering with an easy-maintenance drip irrigation system and mulching.  
6. Use water-soluble fertilizers regularly and/or incorporate slow-release pellets into top soil layer to release a 
little fertilizer each watering.  
7. Protect permanent plantings (shrubs, small trees, vines, perennials) from freeze/thaw cycles by using large, 
deep containers and lining bottom and sides of these containers with a one- or two-inch layer of polystyrene 
peanuts or foam. Fioretti et.al,2010.). 

Plants Used for Roof Gardening 

Climbers: Ficus repens, Cobora scandens, Railway creeper, Vernonia elaegnifolia, Thunbergia alata. 
Flowering annuals: Antirrhinum, Stocks, Dwarf sweet peas, Pansy, Dahlia, Chyrsanthemum, Marigold, Sweet 
alyssum, Phlox, Verbena. 
Herbaceous perennials: Pelargoniums, Michaelmas daisy, Canna, Portulaca, Golden rod, periwinkle. 
Trees: Plumeria, Callistemon lanceolatus, Gliricidia maculate, Araucaria cookie, Mimusops elengi, Brassica 
actinophylla - Mosses and Lichens,  Sedum Roofs. 
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Wildflower Roofs 

The conditions on a living roof (free-draining substrates with low fertility) are ideal for the creation of highly 
diverse and species-rich grassland plant communities. More often than not, these dry grassland ‘roof meadows’ 
are more successful than those that people try to grow in their gardens. 

Calcareous Grassland Living Roofs 

The use of limestone chippings and mixtures of crushed brick and concrete will allow a calcareous meadow to 
develop. The soils on these habitats are thin, typically between 50 mm and 100 mm – the same sort of depth 
as that on an extensive living roof. 

Maintaining Your Roof Garden 

Extensive living roofs need relatively little maintenance. Semi-extensive areas will need more attention to keep 
them looking good and to maintain their diversity of species. 
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Introduction 

In nature organisms are classified as producers, green plants, consumers (organisms exploiting other organisms) 
and decomposers. Green plants, including our crops are used by a multitude of consumers of almost every kind 
from various types of herbivores (mammals, snails, insects) to typical parasites (insects, mites, fungi, bacteria). 
In order to survive green plants developed a broad range of defence mechanisms to ward off most of these 
consumers. These defence mechanisms are principally based on avoidance, resistance or tolerance (Vale et al., 
2001). Disease resistance is the ability to prevent or reduce the presence of diseases in otherwise susceptible 
hosts. It can arise from genetic or environmental factors, such as incomplete penetrance. 

Plant Disease Resistance Protects the Plant from the Pathogens in Different Ways 

1. By preformed structures and chemicals (Plant cuticle, Antimicrobial chemicals (Phenols and Phenol 
derivatives, alcohol), Enzyme inhibitors (Enterokinases / proteases), Plant cell wall. 
2. By infection induced responses of the immune system. 
3. Biochemical resistance in plants. 

Main Types of Disease Resistance 

There are three main types of resistance: 
1. Non-host specific resistance  
2. Apparent resistance: 

a. Disease escape. 
b. Disease tolerance. 

3.True resistance:  
a. Horizontal resistance. 
b. Vertical resistance. 

Non–Host Specific Resistance 

Most plant species are resistant against complete species of microbial invaders, a phenomenon that is termed 
non-host resistance (Jones and Takemoto, 2004). It is a broad-spectrum plant defence which provides immunity 
to all members of plant against all isolates of pathogen that are pathogenic to other plant species. Non-host are 
completely resistant to pathogens of other host under most favourable conditions for disease development. 
The genes in non-host plants induce RLKs (receptor like kinases / proteases) which are complex proteins that 
potentially play role for host/ non-host resistance which are controlled by multiple traits and they are more 
durable. Eg: When Blumeria graminis fsp hordie (the pathogen has got pat genes) is inoculated repeatedly on 
wheat, fungus produce appresoria (AP) and haustoria, immediately host react and produce H2O2 in turn produce 
hypersensitive response (HR). Immediately the epidermal cell undergoes apoptosis, there will be formation of 
cell wall opposition which prevent further entry of pathogen. 

Apparent Resistance 

Apparent resistance resulting from transitory characters in potentially susceptible host plants due to 
environmental conditions. It occurs in most susceptible varieties of the plant it may be due to disease escape 
mechanism or disease tolerance. 
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a. Disease escape: This may occur due many different factors viz., unfavourable environmental condition, stage 
of the crop, distance between the field, non-availability of adequate inoculum, unfavourable growth habit of 
the plant and crop rotation. 

In other way disease escape can also occurs when susceptible plants do not become diseased for some reason. 
This may be due to some anatomical or physical character, such as the occurrence of leaf hairs, thick cuticle, or 
modified stomata, or they may be environmental, in which conditions are not conducive to disease 
development. 

b. Disease tolerance: It is an evolutionarily conserved defence strategy against infection that does not exert a 
direct negative effect on the host pathogen load. Disease tolerance relies on tissue damage control 
mechanisms. Tissue damage control mechanisms rely on stress and damage responses. Host is attacked by the 
same pathogen in the same manner as susceptible variety however, there is no loss in economic yield. Tolerance 
is very difficult to measure as it is compounded with the partial resistance. 

True Resistance 

This resistance is governed by R gene and is called gene for gene resistance / host specific resistance. The host 
and pathogen are more / less incompatible here because:  
1. No chemical recognition between host and pathogen. 
2. Host can defend itself against pathogen by various defence line(SAR/ISR). 

a. Horizontal (Durable) resistance: Resistance is controlled by many genes so said to be polygenic or 
multigenic. It is generally can’t protect the crop from infection, it just slows down the spread of the 
disease and also epidemics. It is known by many other names like:   

i. Minor gene resistance: As it plays minor role in total resistance 
ii. Non-differential resistance: As it can’t differentiate a particular race of pathogen.  
iii. Quantitative resistance: As it is controlled by many genes affect the quantity.  
iv. Durable resistance: The resistance will remain for longer period of time.  

b. Vertical (Non-durable) resistance: It is controlled by single or few genes so said to be monogenic / 
oligogenic. It is quite resistant to some races of pathogen while susceptible to other races of some 
pathogen. It shows complete resistance by not recognizing the race of pathogen here host and pathogen 
are incompatible since there is no development of pathogen, no epidemics.  It is also known by other 
names like: 

i. Major gene resistance: As it plays major role in total resistance. 
ii. Specific resistance: As it can differentiate a particular race of pathogen.  
iii. Non-durable resistance: The resistance will not remain for longer period of time. 
iv. Qualitative resistance: As it is controlled by few/single gene affect the quantity. 

Vertifolia Effect 

It is discovered by Vanderplank in 1963 to study the epidemics of late blight of Potato. Here Potato got R3, R4 
genes should show resistance to pathotype P3 and P4. The breakdown of horizontal resistance due to new races 
of pathogen. This effect was derived in German variety called “vertifolia’’ consisting of R3 and R4 genes resistant 
to LBP. The variety became susceptible when appropriate pathotypes P3 and P4 evolved in pathogen population 
leading to complete failure of crop which leads to epidemics of a particular disease. 

Conclusion 

There is a need for durable disease resistance therefore, can be expected to grow enormously. This need can 
be met technically by exploiting two sources that are largely untapped at present. These sources are the 
Quantitative Resistance already present in our crops and the possibilities of transforming genes or gene 
constructs encoded for resistance into our crops. If the same large effort that went into breeding for the 
hypersensitive, major gene type had gone into QR, most cultivars of our major crops would now carry high levels 
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of it. With respect to sustainable agriculture and integrated forms of crop protection quantitative, durable 
resistance is a more desirable form of resistance than the non-durable type. 
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Abstract 

The practice of green manuring is prehistoric. The Greeks turned under broad beans around 300 B.C., and the 
planting of beans and lupines for soil improvement was an ordinary practice in the early years of the Roman 
kingdom. The Chinese wrote about the fertilizing value of grass and weeds hundreds of years ago and the early 
colonists in North America usually used buckwheat, rye and oats to put in organic matter to the soil. Farmers in 
the south-eastern United States acknowledged early in the 18th century the value of green manure crops, 
particularly the legumes, but the tradition of green manure in North America peaked in the 1940s, with a 
remarkable decline in planted acreage since that time. With the modern trend toward the use of organic 
fertilizers, many people are again looking at green manuring as an economical, practical, and even aesthetically 
agreeable method of restoring productivity to inactive or overworked land. 

Keywords: Fertility, Green manuring, Legumes, Nitrogen fixation, Productivity. 

Introduction 

Green manuring is the practice of incorporating green plant issues into the soil for enhancing the soil 
productivity. It is a little cost but effective technology in minimizing the investment cost of fertilizers and in 
protection the productive capability of the soil. 

Criterion for Selection of GM Crops 

1. Quick initial growth so as to suppress the weed growth. 
2. Succulent, non-fibrous and non woody in nature.  
3. Short duration crop.  
4. Build up good foliage.  
5. Deep root system.  
6. Able to grow well on poor soils. 
7. Water necessity should be less.  
8. Must have legumes to fix atmospheric nitrogen. 

Green Manuring Practices 

1. GM crop can be grown in any type of soil provided there is adequate rainfall or instead availability of irrigation 
water.  
2. For leguminous GM crop, the seeds should be inoculated with the appropriate strain of bacteria. 
Molybdenum seed treatment could also increase N fixation.  
3. The GM crop should be sown with a higher seed rate than normal so that there will be a good canopy 
produced rapidly. 
4. The production of green manures limited by the deficiency of essential nutrients in the soil.  
5. The application of phosphatic fertilizers improves the growth of leguminous crop manifestly and promotes 
the fixation of nitrogen by profuse nodulation.  
6. The best stage at which the crop should be incorporated into soil is when it reaches the flowering stage.  
7. Incorporation of GM crops should be done at least 3-4 weeks before sowing or planting of main crop. 
8. Incorporation of GM crop is done in the different ways. In some cases, the plants are cut close to the ground 
and the green material is put in the furrows opened by a mould board plough and is later buried. One of the 
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methods is to plank the material down with a heavy plank or log and then plough the field. The other method 
is to mix the uprooted or cut plant material (green leaf manure) by means of disc harrow. 
9. Immediately after ploughing the material, care should be taken to cover it with soil by using suitable 
equipment to make sure proper decomposition. Proper covering of material with the soil is particularly 
compulsory if the soil moisture supply is scarce. 
10. Under certain favourable conditions, GM crop such as dhaincha can be sown in between the rows of main 
crops. When dhaincha is sufficiently grown, it can be uprooted and mixed with the soil by inter cultivation. 
11. Under inadequate moisture supply conditions, it is advisable to go for green leaf manuring by growing the 
GM crops in one field and add the green material to another field. By adding this, the moisture required for 
growing the GM crop is saved. 

 

Methods of Green Manuring 

Broadly the practice of green manuring can be divided into two types: 
1. In-situ green manuring: It is a system by which GM crops are grown & incorporated into the soil of the same 
field in which it is grown. 
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a. Leguminous GM crops: 
i. Snhemp: Crotalaria juncea. 
ii. Dhaincha: Sesbania bispinosa. 
iii. Sesbania: Sesbania speciosa. 
iv. Indigo: Indigofera tinctoria. 
v. Wild indigo: Tephrosia purpurea. 
vi. Cow pea: Vigna ungiculata. 
vii. Green gram: Vigna radiata. 
viii. Black gram: Vigna mungo. 
ix. Horse gram: Macrotyloma auniflorum. 
x. Cluster bean: Cyamopsis tetragonoloba. 
xi. Berseem: Trifolium alexandrinum. 

b. Non-leguminous GM crops: 
i. Maize. 
ii. Burley. 
iii. Sorghum. 
iv. Oat. 

2. Ex-situ green manuring/Green leaf manuring: The practice of collecting green leaves from all the available 
sources and incorporating them in the soil is called as green leaf manuring. 

a. Glyricidia: Gliricidia maculata. 
b. Agati: Sesbania grandiflora. 
c. Eupatorium: Chromolana odorata. 
d. Cassia: Cassia siamea. 
e. Subabul: Leucaena leucocephala. 
f. Pongamia: Pongamia glabra. 
g. Neem: Melia azardiracta. 
h. Ipomea: Ipomeoea carnea. 

Nitrogen Content, Seed Rate Biomass Yield of GM Crops 

Local name N (%) Seed rate (Kg/ha) Biomass yield (t/ha) 

Sunhemp 0.89 25-40 21 

Dhaincha 0.68 20-25 26 

Cow pea 0.71 25-30 15 

Indigo 0. 85 25-30 12 

Wild Indigo 0.93 25-40 16 

Green gram 0.82 15 10 

Black gram 0.82 15 10 

Technique of Green Manuring in Situ 

The maximum benefit from green manuring can be obtained by implementing: 
1. Time of sowing of green manure crop in situ: Generally, the sowing of GM crops is done instantaneously after 
the first monsoon rains. It can be sown in line or by broadcasting method having higher seed rate. 

2. Stage of burying of green manure crops: A GM crop may be turned in at flowering stage. The majority of the 
GM crops take about 6-8 weeks from the time of sowing to attain the flowering stage. The fundamental 
principles which govern proper stage of turning in the GM crops should be aim at maximum succulent green 
matter at burying. 
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3. Time interval between buried of green manure crop and sowing of next crop: The time interval or lag that 
should be allowed for complete decomposition of the turned in green matter before planting the next crop, 
depending upon weather conditions and nature of the burned green material. Succeeding crops of wheat, 
potato, vegetables, sugarcane other area sown when the GM crop has been allowed to decompose for 6 to 8 
weeks. 

Advantages of Green Manuring 

1. It has positive influence on the physical and chemical properties of soil.  
2. It helps to maintain the organic matter status of arable soil. 
3. All GM supply extra organic matter to feed and breed advantageous soil organisms for soil fertility and soil 
health. 
4. Increases the water holding capacity of light soils.  
5. It services the infiltration of rain water, thus diminishing run off and soil erosion nutrients. 
6. The GM crops hold plant nutrients that would otherwise be lost by leaching (e.g., Nitrogen). 
7. When leguminous plants like suhemp and dhaincha are used as GM crops, they add nitrogen to the soil for 
the subsequent crops. 
8. GM crops helps in reclamation of saline and alkaline soils by the release of organic acids. 

 

Limitations of Green Manuring 

1. Under rainfall condition it is feared that proper decomposition of the GM crop may not take place if ample 
rainfall is not received after burying the GM crop. 
2. Since green manuring for wheat loss of kharif crops the practice of green manuring may cost of commercial 
fertilizers not be always economical. 
3. Sometimes the cost of GM crops may more than the cost of commercial fertilizers. 
4. Sometimes it increases termite trouble. 
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Conclusion 

The human induced soil degradation is really mournful as adulterated agronomical practices created 
detrimental effect on of soil fertility. Green manures can play a cardinal role as it has able impacts on physical 
and biological superior of the soil and appropriately apology of soil fertility. Green manuring not alone improves 
soil quality, but as well fixes atmospheric nitrogen in the soil if legumes are considered. It checks soil erosion 
and nutrient loss. Amelioration of botheration soils is as well accessible by accumulation green foliage into the 
soil. Besides, green manuring is benign in managing weeds, diseases and insect pests. In conclusion, it may be 
declared that to attain agronomical sustainability, green manuring may be one of the lots of suitable options. 
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Abstract 

Cereals play an important role in human nutrition, contributing approximately to half the energy and protein 
intake of the world’s population, with wheat, corn, rice, barley, oats,  and sorghum being the most important. 
Grapes in addition to these cereals, most commonly used in human and animal nutrition, other grains, such as 
quinoa, amaranth, buckwheat, chia and flaxseed, have been studied in recent years because they present 
themselves as an excellent source of energy and protein with high nutritional value, besides fibres, lipids, 
vitamins and minerals. 

Quinoa is a plant species of the Chenopodiaceae family, which originated in the Andean region and can adapt 
to different types of soil and climatic conditions. It is a pseudo grain with high nutritional value as it is rich in 
proteins, lipids, fibre, vitamins, and minerals, and has an extraordinary balance of essential amino acids. Quinoa 
also contains a high amount of health beneficial phytochemicals including saponins, phytosterols, 
phytoecdysteroids. It is known that quinoa has considerably positive effects on metabolic, cardiovascular, and 
gastrointestinal health in humans. 

Keywords: Essential amino acids; Functional properties, Nutritional value, Quinoa. 

Introduction 

Quinoa, often described as a "super food" or a "super grain," has become popular among the health conscious, 
with good reason. Quinoa (pronounced KEEN-wah or ke-NO-ah) is packed with protein, fibre and various 
vitamins and minerals. It is also gluten-free and is recommended for people who are on a gluten-free diet. 

Often used as a substitute for rice, quinoa is commonly considered to be a grain and is usually referred to as 
such, but it is actually a seed. "The yellowish pods are the seed of a plant called Chenopodium quinoa, native to 
Peru and related to beets, chard and spinach," wrote Nicole Spiridakis in a story for NPR. When cooked, quinoa 
is soft and fluffy, with a slightly nutty taste. It can also be made into flour, flakes and various foods like pasta 
and bread, according to the Grains and Legumes Nutrition Council. 

 
Figure1: Quinoa Crop 
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Quinoa comes from Peru, Bolivia and Chile. It grows in the Andes Mountains, and for millennia it has been a 
food staple for the native people there. According to a field crops article by the University of Wisconsin and the 
University of Minnesota, quinoa means "mother grain" in the Incan language.  

Recently, the surge in quinoa demand has pushed production beyond South America to more than 70 countries, 
according to the Food and Agriculture Organization of the United Nations. Today, large-scale quinoa crops grow 
in China, North America, France and India. Quinoa production is picking up in Africa and the Middle East, 
according to a 2016 assessment in Frontiers in Plant Science. 

Quinoa grain is an amylaceous raw material that has high carbohydrate content, mainly consisting of starch and 
a small percentage of sugars. It also presents, fibre, vitamin B complex, vitamins E and C and minerals such as 
calcium, magnesium, iron, potassium, phosphorus, manganese, zinc, copper and sodium. Contains higher levels 
of total protein, methionine and lysine in comparison with traditional cereals such as rice, maize, barley and 
wheat, having in its lipid’s similar composition to those fatty acids of soybean oil. 

 
Figure2: Quinoa Grains 

Health Benefits 

1. A complete protein: "Quinoa is most famous for being one of the only plant foods that supplies complete 
proteins, offering all essential amino acids in a healthy balance," Toups told Live Science. Essential amino acids 
are ones that the body cannot produce on its own, and complete proteins contain all of them in roughly equal 
measure. There are nine essential amino acids, listed by the National Institutes of Healt has the following: 
histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine. Unlike other 
grains, quinoa is a particularly good source of lysine, according to the Ohio Agricultural Research and 
Development Centre. Quinoa and other whole grains also contain 25 percent more protein than refined grains, 
according to Toups. 

2. Anti-inflammatory benefits: Scientists are still working to understand all the implications of chronic 
inflammation on the body's health. The Mayo Clinic lists autoimmune disorders like lupus and rheumatoid 
arthritis, asthma, inflammatory bowel disease and Chrohn's disease as problems in which chronic inflammation 
plays a role. Less obvious disorders influenced by chronic inflammation may include cardiovascular disease and 
cancer. 

Quinoa and other whole grains may help decrease the risk of this dangerous inflammation, according to Toups. 
They "help promote healthy gut microbes (the friendly bacteria in the gut), which is important for preventing 
obesity, inflammation and disease." World’s Healthiest Foods notes that quinoa is known to contain many anti-
inflammatory nutrients, including phenol acids, cell wall polysaccharides and vitamin E family nutrients such as 
gamma-tocopherol. 
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3. Gluten free: Gluten-free diets are recommended for people with Celiac disease, a severe gluten intolerance. 
Though the scientific community is still debating the benefits of gluten-free diets for people who do not have 
Celiac disease, plenty of Americans have jumped on the bandwagon. Medical News Today estimates that 
approximately 1.6 million follow a gluten-free diet without having been diagnosed with the disease.  

People who follow gluten-free diets can have a hard time getting all of their essential nutrients. The Mayo Clinic 
lists iron, calcium, fiber, thiamin, riboflavin, niacin and folate as nutrients especially lacking in gluten-free diets.  

"Because quinoa is naturally gluten-free, this nutritionally dense grain is the perfect pick for gluten-free diets," 
said Toups. She pointed to a study published in the Journal of Human Nutrition and Dietetics in which 
researchers at Columbia University's Celiac Disease Center found that "the nutritional profile of gluten-free 
diets was improved by adding oats or quinoa to meals and snacks. Most notable increases were protein (20.6 
grams vs. 11 g) iron (18.4 milligrams vs. 1.4 mg, calcium (182 mg vs. 0 mg) and fiber (12.7 g vs. 5 g)."  

"Similarly," continued Toups, "in a study in Food Chemistry, researchers suggest that adding quinoa or 
buckwheat to gluten-free products significantly increases their polyphenol content, as compared to typical 
gluten-free products made with rice, corn and potato flour. Products made with quinoa or buckwheat contained 
more antioxidants compared with both wheat products and the control gluten-free products." Polyphenols are 
chemicals that protect cells and body chemicals against damage caused by free radicals, which are reactive 
atoms that contribute to tissue damage in the body. 

4. Lowering cholesterol: Quinoa's good fiber content can aid in lowering cholesterol levels, according to Toups. 
Fiber aids in digestion, which requires bile acids, which are made partly with cholesterol. As your digestion 
improves, the liver pulls cholesterol from the blood to create more bile acid, thereby reducing the amount of 
LDL, the bad cholesterol. A study published in the journal Plant Foods for Human Nutrition found that rats that 
had consumed a high level of fructose and were then fed a quinoa diet reduced their LDL cholesterol by 57 
percent.  

A 2017 study published in Current Developments in Nutrition found that overweight or obese people who ate 
between 25 and 50 grams of quinoa per day for 12 weeks saw significantly lowered triglyceride concentrations 
and a 70 percent reduction in metabolic syndrome prevalence.  

Toups pointed to a study in the American Journal of Clinical Nutrition that looked at the effect of whole grains 
on patients taking cholesterol-lowering medications called statins. Those who ate more than 16 g of whole 
grains like quinoa every day had lower non-HDL cholesterol levels than those who took the statins without 
eating the whole grains. "Whole-grain intake and statin use were also significantly linked with healthier total 
cholesterol/HDL-cholesterol ratios and total cholesterol concentrations," she added. 

5. Heart Health: Lowering LDL cholesterol is good for your heart, but quinoa can benefit your ticker in other 
ways as well. A study published in the Journal of Food Lipids noted that quinoa seeds possess many of the 
dietary flavonoids "shown to inversely correlate with mortality from heart disease."  

Furthermore, quinoa can provide heart-healthy monounsaturated fat via its oleic acid content, as well as 
omega-3 fatty acids and alpha-linolenic acids, according to World's Healthiest Foods. Most foods lose their 
healthy fatty acids when oxidized, but quinoa's nutrients hold up to boiling, simmering and steaming. 

Toups referred to a study in the European Journal of Nutrition that found other evidence for quinoa's 
cardiovascular benefits. In this study, she said, "Italian researchers found that quinoa produced lower free fatty-
acid levels and triglyceride concentrations (which are associated with a reduced risk of heart disease) than other 
gluten-free pastas and breads studied. 

6. Digestion: One cup of cooked quinoa contains 21 percent of the recommended daily intake of fiber, which is 
great news for your gut. Quinoa is also more easily digestible than many other grains, according to World's 
Healthiest Foods. Furthermore, a study in the British Journal of Nutrition found that participants reported 
feeling fuller after eating quinoa, buckwheat or oats than after eating wheat or rice.  
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7. Diabetes and Hypertension: "Quinoa has also been studied for its role in diabetes management and 
hypertension," said Toups. Commenting on a study published in the Journal of Medicinal Food, she said, 
"Brazilian scientists researched 10 traditional Peruvian grains and legumes for their potential in managing the 
early stages of Type 2 diabetes. They found that quinoa was especially rich in an antioxidant called quercetin 
and that quinoa had the highest overall antioxidant activity (86 percent) of all 10 foods studied." She added that 
the study led researchers to conclude that quinoa, kañiwa (quinoa's cousin) and other traditional crops from 
the Peruvian Andes have potential in helping researchers to develop effective dietary strategies for managing 
Type 2 diabetes and associated hypertension. 

8. Longevity: According to some scientists, the fibre in quinoa could actually help people live longer. A meta-
analysis of relevant studies published in the American Journal of Epidemiology concluded, "high dietary fibre 
intake may reduce the risk of total mortality."  

Two additional recent studies linked whole-grain consumption with longevity. One large-scale study published 
in Biomed found positive results when researchers looked at whole-grain consumption and death from chronic 
diseases such as cancer, cardiovascular disease, diabetes and more. They noted the fibre as being particularly 
beneficial. Another study published in JAMA Internal Medicine found that whole-grain consumption was 
associated with a lowered risk of cardiovascular disease in American men and women. 

9. Nutrition Benefits: Quinoa is a grain crop that is grown for its edible seeds. It’s pronounced KEEN-wah. It 
technically isn’t a cereal grain, but a pseudo-cereal. In other words, it is basically a seed, which is prepared and 
eaten similarly to a grain. Quinoa was an important crop for the Inca Empire. They referred to it as the “mother 
of all grains” and believed it to be sacred. It has been eaten for thousands of years in South America and only 
recently became a trend food, even reaching super food status. Quinoa and quinoa products are available all 
over the world, especially in health food stores and restaurants that emphasize natural foods. There are three 
main types: white, red and black. 

 
Figure 3: Health Benefits of Quinoa 

The nutrient content in 1 cup (185 grams) of cooked quinoa contains: 
a. Protein: 8 grams. 
b. Fiber: 5 grams. 
c. Manganese: 58% of the recommended daily allowance (RDA). 
d. Magnesium: 30% of the RDA. 
e. Phosphorus: 28% of the RDA. 
f. Folate: 19% of the RDA. 
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g. Copper: 18% of the RDA. 
h. Iron: 15% of the RDA. 
i. Zinc: 13% of the RDA. 
j. Potassium 9% of the RDA. 
k. Over 10% of the RDA for vitamins B1, B2 and B6. 
l. Small amounts of calcium, B3 (niacin) and vitamin E. 

This comes with a total of 222 calories, with 39 grams of carbs and 4 grams of fat. It also contains a small amount 
of omega-3 fatty acids. Quinoa is non-GMO, gluten-free and usually grown organically. Even though technically 
not a cereal grain, it still counts as a whole-grain food. NASA scientists have been looking at it as a suitable crop 
to be grown in outer space, mostly based on its high nutrient content, ease of use and simplicity of growing it. 
The United Nations (UN) declared 2013 “The International Year of Quinoa,” due to its high nutrient value and 
potential to contribute to food security worldwide. 

Tasty and Fluffy Quinoa 

Quinoa has come a long way — all the way from the back shelves of health food stores to national supermarket 
aisles. Its high protein content, sweet and nutty flavor, and delicate texture have made quinoa a popular 
substitute for starchier pasta and rice (although once you try it, you’re not likely to think of it as a “substitute” 
again!). Quinoa is an easy grain to love. 

Several of us here at Kitchen like to make a big pot of quinoa on the weekends and eat it throughout the week 
with curry, grilled vegetables, or braised meat. It’s one of the most delicious, fast-cooking lunch staples we 
know. Here’s how to cook great quinoa — not mushy or bitter, but delicate and perfectly fluffy. 

 
Figure 4: Tasty Quinoa 

Conclusion 

The cereals play an important role in the human diet, being wheat, corn, rice, barley, oats, rye and sorghum the 
most important worldwide. Comparing the nutritional components of these cereals with quinoa, we can 
observe the richness of this grain in nutrients, with higher values of protein, lipids and minerals. Quinoa contains 
higher amounts of protein and greater balance in the distribution of essential amino acids than cereals, 
resembling the biological value of milk protein. It exceeds cereals in the amount of lipids, proteins, dietary fiber, 
vitamins B1, B2, B6, C and E and minerals, mainly calcium, phosphorus, iron and zinc. In addition to presenting 
high nutritional quality, it is characterized by being gluten-free feature allowing obtaining a greater variety of 
foods more suitable and nutritious to holders of celiac disease. All this has contributed to the increase of interest 
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and popularization of its consumption among people with high nutritional value, especially in developed 
countries.  

The antioxidant activity of quinoa may be of particular interest to medical researchers and needs greater 
attention in its use as a potential natural antioxidant. Experimental studies in animals or in human cell cultures 
have demonstrated the role of plant polyphones in preventing cardiovascular diseases. However, further 
studies in humans are needed to provide clear evidence of the actual bioactivity of flavonoids and their health 
protective effects and to assess the risks that may result from high intakes of polyphones in food. 
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Introduction 

The Farm Bill Amendment 2020 refers to the agricultural bills passed by the Lok Sabha and the Rajya Sabha on 
17th September 2020 and 20th September 2020 respectively. The bills collectively endeavour to provide 
farmers with multiple marketing channels and provide a legal context for farmers to enter into pre-fixed 
contracts amid other things. The Honourable President of India, Ram Nath Kovind gave his consent for the three 
bills on 27th September 2020. 

The Three Acts Include 

1. Farmers' Produce Trade and Commerce (Promotion and Facilitation) Act, 2020: 
a. It magnifies the scope of trade areas of farmers' produce from select areas to "any place of 
production". 
b. Authorizes electronic trading and e-commerce of scheduled farmers' produce. 
c. Interdicts the state governments from imposition of any market fee or levy on farmers, traders, and 
electronic trading platforms for trade of farmers' produce carried out in an 'outside trade area'. 

2. Farmers (Empowerment and Protection) Agreement on Price Assurance and Farm Services Act, 2020: 
a. Provides a legal infrastructure for farmers to enter into pre-fixed contracts with buyers including 
mention of pricing. 
b. Defines a conflict resolution mechanism. 

3. Essential Commodities (Amendment) Act, 2020: 
a. Excludes cereals, pulses, potato, onions, edible oilseeds and oils, from the list of essential 
commodities, removing stockholding limits on such items except under "extraordinary circumstances." 
b. Requires that imposition of any stock limit on agricultural produce should be in accordance with rise 
in the price of the produce. 

What are the Changes? 

1. Farmers can annihilate middlemen and sell directly to contract buyers at prices to be agreed between them. 
2. Even so, farmers groups are worried this exposes them to corporate who have more bargaining power and 
resources than small or marginal farmers. 
3. More than 80% of the Indian farmers own less than 2 hectares of land, for those it is difficult to contract 
directly with large scale buyers. 

Farmer’s Remonstrance on Farm Bill 2020 

Since the proposal of these laws, different protests have come underway in different states of India, especially 
in Punjab and Haryana. These affirm are the first large-scale farmer proteststation since the Narendra Modi 
government came into power in 2014. Lack of legal support to farmers and minimum support price is a major 
point of concern, especially for farmers from Punjab and Haryana, those who are getting MSP by the Food 
Corporation of India and state agencies for their wheat crop. In addition to this, further aspects of farmer’s 
grievance are: 
1. Alternate private ‘mandi’ will lead to eventual termination of existing APMC ‘mandi.’ 
2. No tax on private market. 
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3. Removal of geographic restriction – Small farmers may face difficulties to avail potentially better prices at 
markets further away because of restraints on travel and storage. 
4. There was no restriction on farmers to sell anywhere earlier too. 
5. The allowance of economic agents to stock food articles freely without the fear of being prosecuted for 
hoarding. 
6. Illimitable stocking can lead to artificial price vacillation and low prices for farmers after harvest. 

State Government Concern 

1. If private companies start purchasing directly from farmers, they will lose out on taxes that are charged at 
mandis. 
2. The potential abolition of mandis, jeopardize the jobs of millions who works there. 

Points to be Considered by the Government to Reinforce the Indian Farming 

1. Strengthen the MSP. 
2. Reform the APMC. 
3. Eliminate the middleman. 
4. Investment in agriculture sector must be from government not from private sector. 

Conclusion 

The acts are more auspicious towards the companies and not legally emancipate the farmers. Currently 
procurement is not done for all crops for which MSP is declared by the government. In India more than 80% of 
the farmers are having less than 5 acres of land indicating that their economic situation is weak and many of 
them will already have loans also. So, they cannot store the crops until there is a demand and fair price for their 
crop. There is no provision in the bill to build government grain storage units which will enable to store farmers 
produce until they get appropriate price. So, government gave free pass to private companies to enter into 
agriculture market. 
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Seeds are the basic resources of any agricultural system. Without healthy seed a farmer cannot expect good 
harvest of his crop. Timely and adequate supply of quality seed is the first and foremost criterion for healthy 
crop harvest. Seed quality deteriorates during storage. Seed viability decreases with increasing storage duration 
due to continuous biochemical changes. To prevent quality loss during storage, seed priming may one of the 
low-cost technologies for the farmers. Seed priming enables seed to germinate in adverse climatic condition 
also. The benefits of seed priming lie in the fact that if all the plants emerge at the same time, synchronize 
flowering and harvesting may be done at right time. 

What is Seed Priming? 

Seed priming is a physiological process that involves seed hydration and drying to enhance the pre germinative 
metabolic process that enhances seed germination, seedling establishment and ultimately yield enhancement2. 
Priming promotes better imbibition, germination and emergence of seed. 

What are the Priming Materials? 

Priming material is that material which is used in priming technology. Based on the priming material, the priming 
technology is named accordingly. Some of them are listed below. 

1. Nanopriming: A very advance technology of seed priming. It is the technology of seed priming with 
nanomaterials. Metallic nanomaterial and carbon nanometarial are used as priming material that enhances the 
tolerance limit of different environmental factors.  

2. Biopriming: Advanced method of seed priming is bio priming in which different beneficial microbes are used 
as priming material. Trichoderma viridae, Beauveria bassiana, Metarherzium anisoplie are the examples of 
priming agent that are used in seed priming technology.  

They colonize in the seed, helps in nutrient uptake and rapid germination with protecting seed from different 
biotic factors. Some of the bioagents colonizes in soil after seedling emergence which ultimately enhances crop 
yield with increase uptake of nutrients and conferring resistance to pathogen attack.   

3. Hormoprimig: In this priming technology different hormones like gibberellins, Indole -3-acetic acid is used as 
priming material. Cell division, root and shoot initiation, growth and development and ripening occurs quickly 
than that of nonprimed seed. 

4. Osmopriming: Excess moisture accumulation in seed developed Reactive Oxygen Species (ROS) and may 
cause oxidative damage of cellular component like protein, cell membrane or nucleic acid2. Certain osmotica 
like sugar, Poly Ethylyne Glycol [H-(OCH2-CH2)n-OH], mannitol, sorbitol, different salts like, NaCl, and KNO3 
NaNO3, MgCl2 are added to the solution for lowering water uptake.  

5. Nutrient priming: Certain macro and micronutrients can be used as priming material. Potash (K) is a mineral 
nutrient which can be used as primimg material in seed to enhance the capability of seed to withstand adverse 
conditions. Other minerals that can be used in this technique are Zinc (Zn), Sodium molybdate etc.  

6. Hydropriming: Priming with water only for different duration. 
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What Happen to Primed Seed? 

A set of biochemical changes takes place in primed seed. In a bio primed seed, there is enhanced production of 
proteins, hormones, phenol and flavonoid compounds. In case of bio priming, seed priming with plant growth 
promoting rhizobacteria colonizes root rhizosphere and helps better seedling establishment and protect crop 
from soil borne biotic stresses. Seed primed with hormo priming, for example auxine, gibberelin etc., helps in 
breaking seed dormancy. Besides these, nanoprimed seed has better scope in farmers friendly agriculture. 
When a seed is primed with nanomaterials, there may be creation of nanopores in the seed itself for enhanced 
water uptake, generation of hydroxyl radicals for cell wall loosening, rebooting reactive oxygen species or 
antioxidant systems in seeds1. 

Advantages 

Seed priming is a simple, eco-friendly, inexpensive, highly effective technology for better crop productivity. With 
this technology a farmer can harvest bumper crops with minimum effort. Moreover, synchronize germination 
of primed seed in extreme hot or cold environment leads to timely crop harvest with reduce abiotic or biotic 
stress exposure. Thus, it saves money, time and labour. In the era of organic agriculture, seed priming paves the 
way from chemocentric to organo centric agriculture with less effort. 
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Fertilizers are costlier inputs in agriculture. They need to be applied at proper time and by correct method to 
get maximum benefits from this input. The fertilizers are generally applied in the following forms. 

Application of Fertilizers in Solid Forms 

1. Broadcasting: The fertilizer is spread by hand with the main objective of providing uniform and evenly 
distribution of whole of fertilizer over the entire area of the field. This method is known as broadcasting. There 
are two types of broadcasting method of fertilizer application depending on the time of application. 

a. Broadcasting at planting: The fertilizers are broadcasted to soil just before planting and fertilizers are 
incorporated to the soil by ploughing followed by planting. All the P fertilizers, 1/3rd of nitrogenous and 
potassic fertilizers are applied as broadcasting. 
b. Top dressing: Applying fertilizers in the standing crop is known as top dressing. By this method the 
nutrients mainly nitrogen is readily available for growing plants. In addition to N fertilizers, K fertilizers 
are also being applied as top dressing to reduce the losses and to increase the use efficiency. 

2. Placement of fertilizers: It is a method of applying fertilizer in the soil before sowing or after sowing the 
crops. It has been found that placement of phosphatic fertilizer has increased its efficiency than broadcasting. 
The best method of placement of fertilizers is determined by several factors such as nature of the crop to be 
grown, soil type, soil fertility status, fertilizer type and farmers preference. 

Common methods of placement of fertilizers are: 
a. Plough sole placement: The fertilizers are placed in the plough sole after opening the furrow by 
plough and the furrows are covered immediately. This method is generally recommended to dry soil 
where there is moisture only in the plough – sole layer and in problem soils were a problem of fixation. 
b. Deep placement: The ammoniacal nitrogenous fertilizers (e.g., Ammonium sulphate) or ammonia 
forming nitrogenous fertilizers (e.g., urea) is placed deep in reduced layer to check de- nitrification. The 
N remains in NH4+ form and is available to the crop during active vegetative period. 
c. Sub-soil placement: This method is adopted mainly in humid and semi-humid regions where soils are 
mostly acidic in reaction. The phosphatic and potassic fertilizers are placed by this method to reduce the 
fixation of nutrients. 

3. Localized placement: It is a method of placing fertilizers into the soil close to seed or plant. The root of young 
plants can get nutrients from the fertilizers. This method reduces the fixation of P and K. 

a. Band placement: In this method, the fertilizers are placed in bands on one side or both sides of the 
row at about 5 cm away from the seed or plant in any direction. There are two types of band placement. 

i. Hill placement: The fertilizers are placed close to the plants in bands on one side or both sides 
of wide spread plant such as cotton, castor, cucurbitaceous crop and fruit crops. Nitrogenous 
and phosphatic fertilizers are applied by this method. 
ii. Row placement: The fertilizers are placed on one or both sides of the row in continuous bands 
by hand or a seed drill. This method is practiced in row crops (e.g., sugarcane, potato, tobacco, 
cotton and vegetables) with wide spaces between rows. 
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b. Contact placement or Drill placement: Contact placement refers to the drilling of seed and fertilizer 
together during sowing. Seed cum fertilizer dill is used for such placement. The phosphatic and potassic 
fertilizers in small quantities are applied to cereals and cotton. 
c. Side dressing: In this method, fertilizers are applied along the side of a row or around the plant and 
mixed them with soil by spade or khurpi. 
d. Pellet application: Small pellets of convenient size are made after mixing the nitrogenous fertilizers, 
particularly urea and applied one to two inches deep between the rows of paddy crop. The pellets are 
deposited in soft mud of paddy field. Application of fertilizers by this method reduces the loss of N 
through leaching or by run-off of water. 

Application of Fertilizers in Liquid Form 

Liquid fertilizers are the most effective and quick reacting one which may be applied efficiently in following 
methods. 
1. Starter solution: Starter solution of fertilizer salts are prepared by dissolving them in water and they are used 
after transplanting of vegetable seedlings in place of water, especially when these seedlings are grown in green 
house or cold frames. Starter solution is prepared by mixing N, P and K fertilizers in the ratio of 1:2:1 or 1:1:2. 
2. Foliar application of fertilizers: This is a method of spraying on leaves of growing plant with suitable fertilizer 
solution having low concentration. The solution is absorbed by leaves which come directly into plant system 
and help in rapid correction of nutrient deficiency and boosting plant growth. 
3. Direct application to the soils: Liquid fertilizers such as anhydrous NH3 and N solution are directly applied to 
the soil with special injection equipment. Liquid manures such as urine, sewage water and cowshed washing 
are let into the field. 
4. Application through irrigation water: Fertilizers, both straight and mixed fertilizers are easily soluble in 
water. They are allowed to dissolve in the irrigation water and applied to the soil through irrigation. 
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The fixation of P is a chemical reaction that makes it unavailable to crops. Another term often used in this sense 
is ‘P retention’. Phosphate fixation can be the removal of phosphate from solution by soil which reduces the 
amount that plant roots can absorb. Thomas Way (1850) demonstrated the P fixation. Soil pH has a strong effect 
upon P fixation. In neutral to alkaline soils (pH 7.0 and above), the presence of lime causes the precipitation of 
phosphorus. In acid soils (pH < 6.5), iron and aluminium react with phosphorous to form highly insoluble 
compounds. These reactions can be represented by the chemical equations. Three mechanisms are involved 
depending on pH. 

In Neutral to Alkaline Soils 

Ca (H2PO4)2     + 2 Ca CO3   → Ca3(PO4)2 + 2 CO2 + 2 H2O 
Monocalcium phosphate Tricalcium phosphate 

In Acid Soils 

Al3+ + H2PO4- + 2 H2O → 2 H+ + Al (OH)2 H2PO4 

Dihydrogen P (Soluble)           Aluminum Hydroxy P (insoluble) 

Since the products of phosphate fixation are insoluble, very low quantity of phosphorus are immediately 
available for plant growth. 

In Neutral Soils 

P is fixed in the crystal lattices of 1:1 type of clay minerals like the Kaolinite having high AEC by anion exchange 
phenomenon. 

Factors Affecting P Fixation in Soils 

1. Clay minerals: The main seat of P fixation in soils rests on the clay fraction. More of the Surface area exposed 
with a given type of clay, the greater is the tendency to retain phosphorus. 
2. Type of clay: Phosphorus is retained to a greater extent by 1:1 than by 2:1 clay. Soils high in kaolinite clay will 
fix larger quantities of added P due to more AEC. 
3. Hydrous metal oxides of iron and aluminium: In soils with significant amounts of iron and aluminium oxides, 
the P fixing capacity is larger. 
4. Amorphous colloids: In Andisols, due to the presence of large quantities of amorphous colloids like 
allophanes with large negative charges which are balanced by aluminium cations, the phosphate becomes fixed 
to these aluminium ions. 
5. Calcium carbonate: Calcium carbonate precipitates phosphates to form insoluble apatites. The activity of P 
will be lower in those soils that have a high Ca 2+ activity. 
6. Soil pH: Adsorption of P by iron and aluminium oxides declines with increasing pH. 
7. Organic matter: High organic matter content decreases P fixation. 
8. Temperature: The rise in temperature generally enhances P fixation. 
9. Over liming: Over liming increases P fixation by forming more insoluble Ca-P compounds. 
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Methods to Reduce P Fixation 

1. Organic matter addition: Incorporation of organic residues into soil influences the reactions of phosphates 
and its availability to plants. Organic matter counteracts the effect of CaCO3. It also reduces P sorption by soil. 
Addition of organic matter also increases P concentration in soil solution through mineralization of organic P 
and solubilization of native soil P compounds. This effect is more pronounced at higher moisture level. During 
decomposition of organic matter various organic acids are produced which solubilize the phosphates and other 
P bearing minerals and thereby lower the P – fixation. 

The reason is: 
a. By formation of phospho - humic complexes that are easily assimilated by plants. 
b. Through mobilisation of the phosphate by humate ion by anion exchange 
c. By forming a coating on sesquioxide particles by humus as a protective cover which otherwise fix P. 

2. Placement of fertilizers: The finer the soil texture, the greater is the retention of added P due to increased 
speed of reaction with surface area of contact. If finely divided fertilizer P is added to a soil by applying through 
broadcast, the phosphate is exposed to a greater amount of surface, hence more fixation takes place. 
Application of fertilizers by band placement reduces the surface of contact between the soil and fertilizer with 
consequent reduction in the amount of fixation. 

3. Role of mycorrhiza: Certain mycorrhizal fungi known as VAM colonize plant roots and through this 
association, it helps the plants to absorb more P. 

4. Role of P solubilising microorganisms: P solubilising bacteria like Bacillus megatherium and Pseudomonas 
striatus; or fungal species namely Aspergillus awamori are reported to enhance the availability of fixed P and 
reported to add 30 – 35 kg P2O5 ha-1 under ideal conditions. 

5. Liming of acid soils: About one- third of Indian soils are acidic in reaction. The beneficial effect of liming of 
these acid soils is due to the release of fixed P that was held with iron, aluminium oxides & hydroxides. 
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Summary of Article 

India enjoys global distinction in production of all 4 commercially exploited natural silks  Indian Sericulture has 
a labour-intensive agricultural pattern with traditional strengths having capabilities along the entire value chain. 
The eri sector was confined to the North-East and congruent Eastern India till 3 decades ago . Now it is a vocation 
for rural reconstruction in non-traditional areas too since it involves low investment and high output source of 
employment and income. Presently it is practiced in 17 Indian states contributing to 11% of the total raw silk 
produced in India. 

Introduction 

The very name ‘Eri’ is derived from the Sanskrit word, ‘Eri’ or ‘Eranda’ which means Castor (Ricinus communis) 
on which the Eri silkworm feeds. It is also cultivated on Kesseru (Heteropanax fragrans), Tapioca (Manihot 
utilissima), also known as Cassava, Payam (Evodia fluxinifolia), Barkesseru (Ailenthes sp.). Among the food 
plants, castor is much preferred host due to higher water content, ash, nitrogen percentage, acidity and crude 
protein.  

The species Samia ricinii cynthia is the only cultivated Eri silkworm in the world. It is a multivoltine silkworm 
with 5-6 broods a year. The cocoons are non-reelable and therefore spun into yarn. Eri culture is an integral 
part of tradition and culture of Assam and other North Eastern States of India.  Eri silk has exclusive thermal 
property, which is as warm as wool and soft in nature and is used in making warm clothing particularly in the 
form of ‘Chadar’. 

Eri silkworm pre-pupae or pupae are delicacy for most of the ethnic groups of North East India. A large number 
of families are practising Eri silkworm rearing in limited quantity as a subsidiary source of livelihood. Assam is 
the largest producer of Eri silk contributing 63% of the total production followed by Meghalaya, Nagaland and 
Manipur; besides, states like Bihar, West Bengal and Orissa also produce Eri silk to a small extent. 

Eri culture has always remained a subsidiary occupation with the Indo-Mongoloid and Tibeto-Burman races of 
the valley especially amongst the tribals of the plains and hills. These people are the earliest inhabitants, 
although some tribals are considered tile migrants. An Eri cloth has remained the poor man’s silk. Till the advent 
of the mill made cloth, eri fabric had been used as winter wear and bed spread by the villagers. 

 
Figure: Eri Silkworm moth (Female and Male moth) 

An early record speaks of Eri silk of three hundred years ago as a silk- that is remarkably soft, white or yellowish 
and the filaments so exceedingly delicate as to render it impracticable to wind off the silk. It is therefore spun 
like cotton. 
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Rearing of Eri Worms 

Rearing of Eri silkworm includes following steps “Incubation, Brushing, Feeding, moulting care, Spacing, Bed 
cleaning (Cleaning with half burnt paddy husk or only husk, Net cleaning, Husk and net method), Mounting, 
Harvesting and Spinning”. 

Ericulture for environment 

1. India, one of the 12 mega biodiversity countries of the world has 46,000 plant and 81,000 animal species 
including numerous sericigenous fauna and supporting flora  
2. Ericulture does not disturb the existing natural ecosystems of 13 biosphere reserves for conservation of 
biological resources  
3. The host plants of eri silkworms are mostly nature grown.  
4. Biodiversity and varied ecosystems act as natural defenses against the impacts of climate change. Drought-
resistant castor maintains green covers even during scanty rainfall period and checks soil erosion  
5. Castor can be maintained as zero tillage, surface seeding crop  
6. It reduces input requirements and cost of cultivation, enhances scope for crop diversification and improved 
soil health.  
7. Reduced/zero tillage and timely planting/ self-generating seeds result in saving water, fuel, herbicide, and 
equipment while increasing yields and farmer profits.  
8. Castor thrives as road/canal/railway-track plantations. In several sacred groves it flourishes undisturbed.  
9. Rural communities engaged in ericulture also increase host plant covers in the form of agroforestry, 
community forestry, farm forestry, interface forestry, village woodlots, block plantations, strip plantations, 
improved fallow and alley cropping.  
10. High CO2 concentration in the air increases its assimilation in castor leaves uniquely from 18-20 to 59-78 mg 
CO2 /dm/2/hr. acting towards climatic conservation  
11. Ericulture can ideally be termed as one of Permaculture practices. 

Ericulture for Livelihood 

1. Acts as an antidote in providing income to the landless workforce who utilize locally grown castor plants for 
rearing throughout the year. 
2. Expert knowledge, high capital investments, costly instruments, established infrastructure facilities, 
thorough maintenance and professionalism in management are not required.  
3. Assures a definite return with very little capital investments.  
4. Activities involved are of light nature and provides opportunities of earning for otherwise idle manpower.  
5. Women have been predominant in rearing and weaving of eri raw silk and endi textiles.  
6. The activities help to come out of acute poverty and render these women economic stability and more social 
empowerment. 
7. The pupae are used as food in NE India.  
8. Pupae are also utilized as fish meal. The dead larvae, pupae and moths are used as poultry feeds. The litters 
can be used for mushroom culture.  
9. The dead and dried host plants/parts indirectly reduce the pressures for deforestation and forest 
degradation.  
10. The litters and leaf excess contribute to soil carbon sequestration.  
11. The entire shell is utilized for spinning. The silk waste is used for making selvedge.  
12. It is a low capital investment but high output source of income for rural and semi urban communities.  
13. Utilization of attention-driven human labour is more in smaller farms.  
14. The presence of self-employment is more in smallholdings.  
15. Prevalence of a significant positive relationship between hired labour use and the size of land holding and 
an inverse relation between the family labour use and the size of land.  



 

 
Volume 3 - Issue 01 - January 2021       405 | P a g e  
 

16. Additional income from by-product: pupae. 
17. Cocoons are converted into yarn by spinners in the second stage of activity. 
18. Yarn is made into fabrics by weavers. Eri silk has texture of natural silks, thermal quality of wool and feel 
of cotton. 
19. Employment and income generation at each stage of production are summed up to get total income and 
employment generated in ericulture total. 
20. Castor, the predominant primary food plants are available plenty in nature. 
21. On cultivation it provides dual income through ericulture and oil-seeds as well. 
22. Castor oil has innumerable eco-friendly industrial, pharmaceutical and cosmetic utility. 

Present Thurst 

1. Making use of otherwise unutilized foliage of the crop without affecting economic yield.  
2. Strengthening 50 Eri farm-cum-grainages, supporting 2,000 rearing house construction, free start-up tools 
for 1,25,000 Eri farmers and augmenting eri perennial food plants in 11,850 acres during the XI Plan under CDP 
targeting 2390 mt of eri raw silk  
3. Establishing cocoon markets and Eri spun mills, supplying 5,000 improved motorized eri spinning wheels 
and providing market support to Eri silk products.  
4. Eri spun silk mills at Hindupur. Kokrajhar and Guwahati are established.  
5. Collaborative project flushed 100 apparel products, receiving a good market response. 

Conclusion 

1. In Ericulture each and every product or by-product has potential utility and scope for adding to livelihood. 
2. Simultaneously, silk aficionados get new ranges of eco-friendly and natural products.  
3. Higher employment potential is well suited to utilize the abundant human resources in rural India.  
4. Secured earning ensures upward socio-economic mobility of the practicing communities.  
5. The activities synergistic with climate resilient growth in varied eco zones ensure improved food security. 
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Introduction 

Three laws passed by the government has brought thousands of farmers staging protests on Delhi borders over 
the past few weeks. Most of these farmers belong to Punjab, Haryana and western Uttar Pradesh and they are 
protesting against following mentioned farm bills: 
1. “The Farmer’s Produce Trade and Commerce (Promotion and Facilitation) Bill, 2020” 
2. “The Farmer’s (Empowerment and Protection) Agreement of Price Assurance and Farm Services Bill, 2020” 
3. “The Essential Commodities (Amendment) Bill, 2020” 

These three bills have been introduced on “One Nation, One Agricultural Market” concept. It gives farmers 
freedom to sell their produce anywhere in the country. As per government taking their produce to beyond 
APMS market yards will benefit the farmers. 

Why Farmers are Protesting? 

The main reason for the protest is their fear for Minimum Support Price (MSP). The farmers doing protest are 
the biggest beneficiaries of MSP regime. The farmer is having a fear in their mind is that these new Farm laws 
will remove the system of MSP which provides them safety, thereby leaving them at the mercy of private player. 
Government is continuously tried to assure farmers that MSP will not be scrapped, but they are trying to 
establish a private market next to APMCs. The fear among farmers is that removal of government procurement 
system as well as MSP maybe the next step by government. 

Minimum Support Price (MSP) 

MSP is the minimum price paid by the government when they procure any crop from the farmer.  The Cabinet 
Committee on Economic Affairs (CCEA) of the Union government takes a final decision on the level of MSPs and 
other recommendations made by the CACP. It is announced for total 22 crops before the sowing season. The 
MSP system was started back in 1966-67 for procurement of wheat and later expanded for other crops like 
pulses oilseeds and other essential food crops. These crops are procured by government agencies at a promised 
price to farmers and the MSP cannot be altered in any given situation. The concept of MSP, therefore, protects 
the farmers in the country in situations where crop prices fall drastically. Wheat and rice are among the top 
crops that are procured by the government at MSP from the country’s farmers. 

Food Corporation of India 

Food Corporation of India (FCI) which is the main state-run grain procurement agency largely buys only paddy 
and wheat at these prices. And then sells it to poor people on subsidises rates through Targeted Public 
Distribution system and the loss is compensated by the government. 

Top States in Production & Procurement of Rice 

From last 5 years i.e., from 2015-16 to 2019-20 West Bengal is having highest production of Rice in India. 80-
90% of the total rice produced in Punjab and Haryana is procured by the state level agency and FCI which one 
of the highest percentages followed by Andhra Pradesh and Telangana where around 60-70% of total 
produced rice is been procured. This is one of the major reasons why farmers from Punjab and Haryana are 
protesting majorly because they are having fear that government may finish this system of procurement on 
MSP. Below is the table showing top rice producing state and procurement done by govt from these states. 
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Table 1: Showing Production, Procurement & percentage of Rice procured by Govt (2015-16 to 2018-19)         
(Quantity in ‘000 Tonne): 

Rice Production & Procurement Top States 

State 2015-16 2016-17 2017-18 2018-19 

Produ. Proc
ur. 

% Produ. Proc
ur. 

% Produ. Proc
ur. 

% Produ. Proc
ur. 

% 

Punjab 11823.
0  

9350 79.
08 

11586.
2  

1105
2 

95.
39 

13381.
79 

1183
3 

88.4
3 

12821.
6 

1133
4 

88.
40 

Andhra 
Pradesh 

7488.7
  

4336 57.
90 

7452.4
  

3724 49.
97 

8166.2 4000 48.9
8 

8234.6
7 

4806 58.
36 

Chhattisgar
h 

5789.4
  

3442 59.
45 

8048.4
  

4022 49.
97 

4930.8 3255 66.0
1 

6526.8
6 

3971 60.
84 

Odisha 5875.4
  

3369 57.
34 

8325.9
  

3630 43.
60 

6551.3
1 

3287 50.1
7 

7733.7 4448 57.
51 

Uttar 
Pradesh 

12501.
0  

2910 23.
28 

13754.
0  

2354 17.
12 

13273.
99 

2875 21.6
6 

15545.
28 

3233 20.
80 

Haryana 4145.0
  

2861 69.
02 

4453.0
  

3583 80.
46 

4523.3
8 

3992 88.2
5 

4516.0
9 

3942 87.
29 

Telangana 3047.0
  

1579 51.
82 

5173.4
  

3596 69.
51 

3315.9
6 

3618 109.
11 

6670.0
1 

5190 77.
81 

West 
Bengal 

15953.
9  

1568 9.8
3 

15302.
5  

1923 12.
57 

14967.
04 

1673 11.1
8 

16242.
21 

1979 12.
18 

Bihar 6802.2
  

1223 17.
98 

8239.3
  

1234 14.
98 

8093.1
3 

793 9.80 6155.5
1 

949 15.
42 

Tamil Nadu 7517.1
  

1192 15.
86 

2369.4
  

144 6.0
8 

6638.8
6 

1011 15.2
3 

6130.9
3 

1294 21.
11 

All India 10440
8.2  

3421
8 

32.
77 

10969
8.4  

3810
6 

34.
74 

112757
.61 

3818
5 

33.8
6 

116477
.82 

4439
9 

38.
12 

Source : Ministry of Agriculture and Farmers Welfare, Govt. of India. (Production). 
Source : Ministry of Consumer Affairs, Food and Public Distribution, Govt. of India. (Procurement). 

Table 2: Showing Production, Procurement & percentage of Wheat procured by Govt (2015-16 to 2019-20)      
(Quantity in ‘000 Tonne): 

Wheat Production & Procurement Top States 

State 2015-16 2016-17 2017-18 2018-19 2019-20 

Prod Pro
c 

% Pro
d 

Pro
c 

% Prod Pro
c 

% Pro
d 

Pro
c 

% Prod Pro
c 

% 

Punjab 160.
77 

103
.44 

64.
34 

166
.4 

106
.49 

64.
00 

178.3
042 

118
.33 

66.
36 

318
.79 

113
.34 

35.
55 

182.
44 

129
.12 

70.
77 

Madhya 
Pradesh 

176.
887 

73.
09 

41.
32 

179
.39 

39.
92 

22.
25 

159.1
079 

10.
96 

6.8
9 

159
.11 

13.
95 

8.7
7 

154.
67 

67.
25 

43.
48 

Haryana 113.
52 

67.
78 

59.
71 

115
.46 

67.
52 

58.
48 

107.6
528 

39.
92 

37.
08 

178
.3 

39.
42 

22.
11 

125.
74 

93.
2 

74.
12 

Uttar 
Pradesh 

254.
252 

22.
67 

8.9
2 

300
.56 

7.9
7 

2.6
5 

318.7
914 

28.
75 

9.0
2 

107
.65 

32.
33 

30.
03 

327.
46 

37 11.
30 

Other 217.
446 

13.
9 

6.3
9 

225
.27 

7.7
2 

3.4
3 

234.8
389 

183
.89 

78.
30 

763
.85 

244
.95 

32.
07 

231.
58 

51.
75 

22.
35 
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India 922.
875 

280
.88 

30.
44 

985
.1 

229
.62 

23.
31 

998.6
952 

381
.85 

38.
23 

998
.7 

443
.99 

44.
46 

1021
.89 

341
.32 

33.
40 

Source: Ministry of Agriculture and Farmers Welfare, Govt. of India. (Production). 
Source: Ministry of Consumer Affairs, Food and Public Distribution, Govt. of India. (Procurement). 

From the above Table (2), it is clear that almost  60-70% of the total wheat produced in Punjab & Haryana is 
procured by FCI & State level agency while in Madhya Pradesh the percentage is around 40-50% and in Uttar 
Pradesh government procure around 10-15% of the total wheat produced.    

Uttar Pradesh is largest wheat producer state in 2019-20 with production of 327. 46 LMT of wheat followed 
by Punjab 182.4 LMT and at third place Madhya Pradesh with 154.67 LMT of wheat production. Haryana 
produced  125.74 LMT of wheat in 2019-20. 

Conclusion 

Major portion of Rice and Wheat produced in India was procured by FCI & other state level agency. And this 
procurement was made on Minimum Support Price. The farmers in Punjab and Haryana have a huge incentive 
in growing rice and doing away with price risk. So, the farmer from these states is thinking that if government 
stop procuring the wheat and rice from them, it will be a threat to their livelihood. We cannot fault farmers 
for doing this. If they are incentivised to grow something, with a regular buyer available in the form of the 
government, they are bound to do that. Why take a risk, when a safer option where the government increases 
the price of rice and wheat every year, and buys what is produced, is available? In fact, it is safe to say that if 
the government procurement is lowered (even without the MSP being done away with), the price of rice and 
wheat will fall. If private markets are established, it will fall even faster. This is something that the big farmers 
of Punjab and Haryana, don’t want, hence, the protests. 
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Introduction 

India is a global agricultural powerhouse, as it has become the world's largest producer of pulses, milk, and 
spices and has the largest area under rice, wheat, and cotton.  Agriculture is playing a dynamic role in the Indian 
economy as more than 58 per cent of rural households are dependent on agriculture as their primary means of 
livelihood.  Agriculture and the allied sectors such as fisheries and forestry, is the highest contributor to the 
Gross Domestic Product (GDP) in India. 

Agriculture have always been a primary need of past, present and future and so, it becomes the need of the 
hour to provide timely access to information for decision making in agriculture and allied sectors. There are 
various efforts taking place for exploring various options for the transfer of information to farmers in a timely 
and cost-effective manner. In the past decades Information and Communication Technologies (ICTs) have 
exhibited enough potential by enabling access to and exchange of information for farmers and other 
stakeholders. There are many ICTs, but among them mobile phones or more precisely the smart phones are 
gaining more popularity because of their portability, ease of use and easy accessibility.  It is quite evident that 
the increasing uses of mobile phones across the globe have changed the agricultural communication process. 
In agriculture smart phone application (Commonly known as apps) are being utilised the most and have been 
proven effective in accessing information related to weather, monitoring plant health, market prices and 
competition, education and many such services. 

The vigorous expansion of mobile communications with the utilisation of different mobile devices (i.e., 
smartphones and tablets) has made a significant change in the daily life of people associated with different 
sectors. In the past decades mobile connections have reached 7.08 billion (International Telecommunication 
Union, 2015). Similarly, in 2015 the smartphone market grew 13% and predicted that every person will own a 
smart phone by 2017.  There are several technical advantages that have made these devices an integral part of 
life such as: the touch screens, easily readable, high resolution cameras, Geographic Positioning System (GPS), 
powerful processors, file storage capabilities, music player, radio tuner, video player, etc. These proficient and 
technical characteristics are exclusively utilised by the specialized software and mobile applications (apps) so as 
to make the decision-making power of farmers more effective and utilitarian. EMarkater (2016) emphasised the 
fact that mobile applications are the platform that provide all information and solutions just with a touch. So, 
this article will discuss different types of apps used for activities related to agriculture and allied fields. 

Agriculture Related Smart Phone Applications 

There are hundreds and thousands of applications for agriculture related activities but the content and 
information differ according to their utility and area of concern.  

On this basis the applications in agriculture can be classified as: 
1. Agri-crop based application. 
2. Calculative applications. 
3. Diagnostic applications. 
4. Multi-informative application. 
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Agri-Crop Based Applications 

1. AgriApp: Smart Farming App for Indian Agriculture: AgriApp is an Android based application that can be 
used in smartphones. The information that it deals with includes crop production and protection, smart farming 
in agriculture. It also provides information related to market places so that all the farmers come in a common 
platform and could access to the information related to agri input, retailers & fulfillment services on a common 
digital platform.  This app is dedicated to fill the gap between farmers and accurate strategic agricultural 
information and this could be made possible with the interference of experts of the related fields. Thus, it 
enables farmers to reach highly efficient information related to production and marketing of agriculture 
produce, ensuring a win-win situation to farmers and Economy. 

Features of AgriApp: 
a. m-Commerce. 
b. POP’s – (Package of Practices). 
c. Crop Calendar. 
d. Chat with Expert. 
e. News and Videos. 

2. SkyGreen: SkyGreen is an android based application that works for offline/online field survey and data 
collection. It has a central server that control the field tasks and all field related task could be transferred from 
the server on to the field. Currently it is being used for collection of data from Crop Cutting Experiments (CCE), 
Crop Signatures (GPS point collection), Crop Monitoring, Crop Loss Assessment, inspection etc. It could collect 
information with the help of GPS, photos and videos. Another feature of this app includes the offline maps that 
could be cached and then bundled along with the app for the areas where there is no internet connectivity. 

3. Plantix - your crop doctor: Plantix is an android app that turns the smart phone into a crop doctor. It helps 
the farmer to detect pest and disease on crops with few clicks. It is a complete solution for production and 
management of different crops. The greatest feature is that just by clicking a picture of sick crop a farmer could 
get access to the disease and its solution. It covers 30 major crops and detects 400+ plant damages. It is available 
in 18 languages and provides information related to pest control, damage detection, disease control, and yield 
improvement for farmers. 

Special features of Plantix app: 
a. Heal your crop: Detect pests and diseases and recommend treatments. 
b. Disease Alerts: Provides alerts about any disease that is going to strike in the district. 
c. Farmer community: Farmers could ask crop-related questions from 500+ community experts and 
could get instant information. 
d. Cultivation tips: Provides effective agricultural practices for the whole crop cycle. 
e.  Agri-weather forecast: Information related to best time to weed, spray and harvest. 
f. Fertilizer Calculator: Calculate fertilizer demands for your crop on the basis of plot size. 
g. Diagnose and Treat Crop Issues: If crops are suffering from a pest, disease or nutrient deficiency, just 
by clicking a picture of it with the Plantix app will give a diagnosis and suggested treatments within 
seconds. 
h. Get Your Questions Answered by Experts: Farmers can get in touch with the experts anytime and 
anywhere. 

Calculative Applications 

The apps of this category mainly dedicated for giving the estimation of requirement of agricultural 
inputs/output. These inputs/outputs range from pesticide quantities, cropping space, plantation density, 
harvest losses etc. Following are some of such apps: 
a. Ag PhD harvest Loss:  This is an android application that provides the estimation of yield losses per acre even 
before the harvesting and during the harvesting. The crops covered in this app include wheat, barley, oat, 
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soybean and maize. It helps in calculating crop loss per acre and so the farmers can predict the loss and make 
decision on the basis of input and the market price. 

b. Ag PhD planting population: Ag PhD planting population app is useful in determining the spacing that needs 
to be kept between the planting populations per acre. It equips farmers with the farmers so that they can 
maintain the population stand, and it also helps farmers in thinning operation. 

c. Fertilizer calculator: The fertilizer calculator app as the name suggests, it help in the conversion of nutrient 
content of phosphorus, nitrogen, potassium in the fertilizer doses. The app is capable of providing eleven 
different combinations of fertiliser doses (such as Di- Ammonium Phosphate-Urea-Muriate of Potash, Urea-
Single super phosphate-Muriate of Potash, , etc.). 

Diagnostic Mobile Applications 

The apps in this category provide information regarding the option of insect and insect diagnosis of deficiencies 
of various crops. These problems are also diagnosed at the field level also. Some of such applications are: 
1. Ag PhD Deficiencies: This app is capable of providing an idea about the deficiency symptoms of around 36 
different crops with pictures. It also includes the major deficiencies of 14 nutrients and their common 
symptoms in some common crops. 

2. Ag PhD Field guide: This app provides information of insect, weeds and their control with the help of 
pictures. This app is helpful for both for the farmer and extension workers as well. 

3. Soil Web- Soil web: This is a unique app that uses Global Positioning System (GPS). It provides real-time 
access to USDA-NRCS soil survey data and soil type and detailed soil analysis and current location. 

Multi-Informative Application 

The apps in this category provide information to the farmers and other stakeholders about various from 
sowing till marketing. Some of such apps are: 
1. IFFCO App: This is an android app that provides farmers relevant information related to weather with the 
help of India Meteorological Department (IMD).  It also provides information related to price from Agmarknet 
or National Commodity and Derivatives Exchange Limited (NCDEX). It provides assistance to the farmers by 
message or expert advice through call in ten Indian languages. Another salient feature of this app includes the 
news section, where farmers can access to the information about new schemes launched by the government 
or other organization. 

2. myRML: It is a composite application developed by Reuters Market Light (RML). It provides information 
related to various agriculture practices of various crops, expert advice, weather information and market price. 
This app also conducts quiz after registration and serves as a huge source of information related to 
mechanization, indigenous knowledge, sustainable agriculture, poultry farming, conservative agriculture, 
animal husbandry, success stories of farmer, schemes, etc. 

Conclusion 

Mobiles phones and smartphones can be said as the one of the most needed and effective innovation in the 
era of technological development. India is a developing country where more than 70 per cent of the population 
is dependent on agriculture and the smartphone-based applications are transforming the way of farming. With 
the shift of the role of farmers as producers only to the agripreneur the requirement of instant and relevant 
information has increased. This need of instant information is being served by the mobile phone-based 
applications that  with the help of  high-resolution cameras, Geographic Positioning System (GPS), powerful 
processors; file storage capabilities, music player, radio tuner, video player, etc. makes the exchange of 
information easier and more convenient. These mobile applications can be used directly in the agriculture and 
for the growth of agripreneur. Although this mode of information dissemination is in its nascent stage but 
looking to the benefits it can provide it is being explored more and more.  Government and non-government 
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organisations are very enthusiastic about  expanding this less exploited innovation by incorporating  better 
modest handsets, multilingual platform, compatible smart phones, subsidizes internet packs, regular trainings 
and sensitization programs amongst farmers. This can be proved a catalyst for social mobilisation if explored 
and expanded as per the requirement of the direct users. 
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Grapevine Fanleaf Virus Degeneration is the oldest known disease of Vitis vinifera. Xiphinema index transmits 
grapevine fan leaf virus (GFLV) was the first record of virus transmission by a nematode (Hewitt et al., 1958). 
The virus is lost during the molt of the cuticle between life stages.  The virus is not passed through the egg stage. 
Consequently, the virus is re-acquired by feeding of each vermiform life stage of the nematode. GFLV causes 
reduced vigor, lack of fruit set, and reduced yield of grapevines. Of great importance in the design of control 
programs for the X. index / GFLV problem is that portions of the grape root system can remain alive and serve 
as a reservoir for virus and nematode for at least 5 years after vine trunks have been removed (Raski et al., 
1965). 

The grapevine fanleaf virus is a Nepovirus with isometric particles of 30nm diameter.  It is transmitted by X. 
index and X. italiae with X. index the more efficient vector.  The virus can be acquired in less than 15 minutes of 
feeding on an infected plant and is retained up to eight months in the absence of feeding.  The retention site 
for GFLV in X. index is the cuticular lining of the esophagus, including the area surrounding the odontophore.  
As with other viruses vectored by longidorid and trichodorid nematodes, it is selectively and specifically 
adsorbed at the retention site, indicating a specific association between protein coat of virus and cuticular 
surface.  Dissociation with cuticle probably occurs as glandular secretions pass forward into the plant cell.   

The virus does not pass through the egg stage.  It is not retained through a molt when the esophageal lining and 
odontostyle are also shed. In Xiphinema, although the lining of the esophagus is not shed at a molt, it undergoes 
structural changes and virus particles may pass into the intestine. The virus does not replicate in the nematode 
vector. 

Detection 

It is important to determine whether X. index is present in a site intended for a vineyard and whether the 
nematodes are viruliferous. Virus particles can be detected in extracts from single nematodes by immune-
sorbent electron microscopy. Enzyme-linked immunosorbent assay (ELISA) methods are routinely used to 
determine GVFL in plant tissue (Walker et al., 1994).  When applied to nematodes, the techniques appear 
sufficiently sensitive to detect the virus if more than ten viruliferous individuals are used, but are unreliable for 
single individuals (Esmenjaud et al., 1993). 

Symptoms 

1. Fanleaf degeneration: 
a. Malformations: Leaves are variously distorted, asymmetrical, with wide petiole sinuses and abnormal 
vein arrangement that results in the appearance of an open fan. Leaf symptoms may also include 
chlorotic mottling. Foliar symptoms are most evident in the spring and through the vegetative growth 
period. Shoots show abnormal branching, with double nodes and short internodes, while forming angles 
at internodes. Bunches are small with poor fruit set and shot berries. They ripen irregularly. 

b. Yellow mosaic: Bright yellow discoloration of leaves, shoots, tendrils and inflorescences in the spring. 
Foliage and clusters are not malformed, but clusters are small. 

c. Veinbanding: Yellow flecking along main veins and associated interveinal areas of mature leaves 
appearing mid to late summer. Leaves are not malformed, but fruit set is poor and yield is low. 
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Asymmetric leaf formations Veinbanding Symptom 

 
Abnormal branching of lateral shoots 

Several closely related nepoviruses found in grapevines are apparently related to GFLV but are serologically 
different. They are sap-transmissible where vectors have been definitively established, they are species 
of Xiphinema and Longidorus. They include arabis mosaic virus, raspberry ringspot virus, tomato blackring virus, 
grapevine chrome mosaic virus, Strawberry latent ringspot virus, artichoke Italian latent virus and grapevine 
Bulgarian latent virus. One or more of ten species of Xiphinema are present in all major grape growing regions 
of the world. They are X. algeriense, X. pachtaicum, X. turcicum, X. vuittenezi, X. americanum, X. brevicolle, X. 
diversicaudatum, X. index, X. italiae and X. mediterraneum. With X. index a notable exception, most species 
of Xiphinema have a wide host range and are adapted to a wide range of soil textures. 

Management 

1. Prior to replanting, perform a soil test to determine the presence of dagger nematodes, which may harbor 
and spread the viruses of concern.  
2. Devise the best preparation strategy for the vineyard replant site based on soil test results.  
3. Plant only virus-tested, clean planting material originating from certified, clean mother stocks to ensure a 
healthy and high-quality crop. 
4. Eliminate alternate hosts—especially weed hosts—that can serve as a viral reservoir in vineyard settings 
5. Clean pruning equipment with a 1/10 dilution of household bleach between vines, as this may reduce vine-
to-vine spread of the virus. 

References 
1. Esmenjaud, D., Walter, B., Minot, J. C., Voisin, R. and Cornuet, P. (1993). Biotin-avidin ELISA detection of grapevine fanleaf virus in the vector 

Xiphinema index. Journal of Nematology 25, 401-405. 
2. Raski, D. J. (1975). Revision of the genus Paratylenchus Micoletzky, 1922, and descriptions of new species. Part II of three parts. Journal of 

Nematology 7, 274-295. 
3. Hewitt, W. B., Raski, D. J. and Goheen, A. C. (1958). Nematode vector of soil-borne fanleaf virus of grapevines. Phytopathology 48, 586-595. 
4. Walker, M. A., Wolpert, J. A. and Weber, E. (1994). Field screening of grape rootstock selections for resistance to fanleaf degeneration. Plant 

Disease, in press. 

  



 

 
Volume 3 - Issue 01 - January 2021       415 | P a g e  
 

Blockchain Technology: Transforming the Agriculture and 
Agricultural Supply Chain 

Article ID: 10134 
Archana Tirkey1 

1MBA (Agribusiness Management) Student, School of Agribusiness and Rural Management, Dr. Rajendra 
Prasad Central Agricultural University, Pusa, Samastipur (Bihar). 

 

“Ensuring Efficiency, Effectiveness, Immutability, Trust, Transparency from Farm to Fork” 

Introduction 

The human population is growing at an alarming rate, because the demand for food is increasing. Our world 
continues to face enormous challenges with providing enough food for its ever-increasing population. These 
challenges are mainly because of the global climate change, drought, pests, diseases, loss of biodiversity etc. 
Development and Innovations in agricultural processes are needed to beat these challenges and to form 
agriculture attractive and profitable for the farmers who are involved in feeding the planet. Innovation 
combined with advanced technologies like blockchain creates a more transparent and accountable 
environment in the agriculture. 

Blockchain is a Distributed Ledger Technology. This ledger contains records, transaction details and data called 
blocks. These blocks are immutable and tamper-proof, i.e., the information in these blocks is hard to change or 
hack. Blockchain ensures that the information once stored safely through encryption can’t be altered or lost. 

With blockchain technology, one can put all the knowledge about the whole cycle of agricultural events onto 
blockchain to enable transparent and trusted source of knowledge for the farmers. This can help farmers to 
urge instant data associated with seed quality, soil moisture, climate and environment related data, payments, 
demands of crops in market, sale prices etc. all at one platform. Thus, this could ensure transparency and would 
help farmers to require effective decision. Blockchain will help in establishing direct link between farmers and 
retailers or consumers. It will empower small farmers to prepare themselves and acquire together to achieve 
the market without taking any help from middlemen. 

This will reduce the issues of low income, as blockchain will give transparency in supply chain, enabling farmers 
to urge the real price for his/her produce. 

Benefits of Blockchain Technology in Agriculture 

In agriculture, blockchain technology allows peer-to-peer transactions require to place transparently without 
the requirement for any intermediary sort of a bank or a middleman: 
1. Improved food quality monitoring and control and food safety: Blockchain helps to bring increased 
transparency to the supply chain, remove ineffective processes, and ensure optimal quality control conditions.  

2. Increased traceability for waste reduction within the supply chain: Using blockchain technology consumers 
will know exactly where their food originated, who planted it, and how fresh it is. It will only require workers to 
scan the product at each stage within the process to update the database with information. 

3. Increased Efficiency for farmers: Blockchain technology will allow farmers to store all of their data in one 
place to simply be accessed by people who need it, simplify the whole process and save valuable time and 
energy.  

4. Ensure Fair payments for farmers: Blockchain based smart contracts work by triggering payments 
automatically as soon as a particular, previously-specified condition has been fulfilled, and without charging 
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excessive transaction fees. Smart contracts eliminate the necessity of intermediaries, because it would allow 
farmers to attach directly with retailers. Therefore, it will enable them to receive a fairer price for their goods. 

Application areas of Blockchain Technology in Agriculture 

1. Efficient Food Supply Chain: Reducing the time of food origin tracing to a matter of seconds, ensuring safety 
and improving efficiency. Providing information on the origin of food products is crucial to make sure customer 
loyalty and confidence. Blockchain can make any fruit or vegetables as safe to shop for because the ones grown 
locally from a close-by farm. With traditional supply chains, food retailers don’t have an efficient way of ensuring 
in why retail companies like Unilever Walmart already resort to blockchain for tracing food products place of 
origin. Blockchain technology creates a more efficient food supply chain by establishing trust among the 
involving parties. 

2. Transaction: Helps farmers to sell commodities at fair prices and lowering transaction fees thereby 
supporting small farmers to enter the market. It is estimated that an infinite amount of food goes to waste each 
year because farmers and growers from less developed countries don’t always have access to wide markets, 
which leaves farmers incapable of selling all their produce. One blockchain start-ups (AgUnity) is tackling such 
issues by giving small farmers access to their blockchain based platform for trading agricultural products and 
building trust between market participants. Their product allows individual market participants to create small 
cooperatives and work together. 

3. Traceability: Blockchain allows consumers to verify the journey of their product, tracing it from farm to table. 
It also provides data about the product when it absolutely was harvested and who produced it. As all the 
information recorded on the blockchain is unaltered, it provides reliable information. 

4. Crop insurance: In case of damage of crops due to weather crisis, farmers can insure their crops and claim 
damage amount with insurance companies through the blockchain. The blockchain’s transparent and 
immutable behaviour will enable insurance companies and other authorized parties to access the information 
captured by the smart agricultural weather station easily. They will directly query the blockchain to fetch the 
desired information with the assistance of smart contracts. After the insurance claim request is approved, 
farmers automatically get the requested amount in their respective accounts. Therefore, a blockchain-enabled 
solution help farmer get compensation quickly. 

Conclusion 

The blockchain technology has transformed the agriculture by providing safe, secure, and tamperproof 
information within the food supply chain and thus helps to boost food safety. It plays key roles from farm to 
fork by ensuring data privacy and integrity by smart farming techniques to improve farm productivity. With 
Blockchain we will expect an efficient supply of products, fair pricing and improved product tracking. As all the 
data is recorded on the blockchain, it will help growers and consumers in monitoring and controlling risks 
throughout the agriculture process. It will also enable farmers to keep track of the stocks and that they should 
not depend upon paperwork’s or files to keep record and to store important data. 
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Importance of Pulses in Indian Agriculture 

Pulses with about three times more protein content than most of the cereals are the most affordable choice to 
address nutritional security in a developing country like India. Although India occupies first place globally in 
terms of area and production, it is not yet self-sufficient and remains as net importer of pulses. Therefore, to 
fulfil the protein requirement demands of the ever-rising population and to address world malnutrition and 
hunger problems, pulses production needs to be boosted up. 

Pulses in Crop Rotations 

In the present scenario of global climate change, there is a major shift in cropping patterns with increased 
preference towards crops that offer advantage of sustainable soil management instead of relying on chemical 
fertilizers. Indian crop production systems are dominated by cereal-cereal mono-cropping patterns that often 
lead to exhaustion of soil nutrients resulting in soil nutrient imbalances. 

As a result of all these factors nutrient deficiencies are wide spread in Indian soils. Including pulses in crop 
rotation has the prime advantage that the left-over crop residues after harvest add a lot of nutrients that would 
help the succeeding crop establishment. 

And also, it enables the maintenance of soil microbe population and improve soil fertility. Despite having all 
these benefits pulses are often restricted to rain fed farming with low resource management that results in low 
productivity of pulses. 

Majority of pulses being short duration crops, fit well into inter cropping and multiple cropping patterns, making 
them the best choice to boost up soil fertility in an eco-friendly way. Because of immense benefits offered to 
the succeeding crops pulses have become the desirable choice for crop rotation. 

How Pulses Enhance Soil Health 

Pulses have become the right choice for sustainable soil management as they add a lot of organic matter to soil 
through leaf litter and fix N2 by biological nitrogen fixation. But the soil health is not merely judged based on 
soil organic matter, but many other factors like soil structure, bulk and particle densities, soil aggregation, 
erosivity and moisture retention capacity. These traits need to be examined to state that pulses are best choice 
for crop rotation. 

Pulses in Cutting Down Green House Gas Emissions 

Since greenhouse gas emissions related to crop production are largely contributed by nitrogen fertilizers, pulses 
with inherent capacity to biologically fix nitrogen with the help of microbes are the righteous choice for cutting 
down the soil pollution there by global warming. Recent studies state that there are less nitrous oxide emissions 
from pulse-based cropping systems. 

Conclusion 

Hence it can be recommended that opting for pulse-based cropping systems not only helps in sustainable soil 
management but also in achieving food and nutritional security. 
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Future Thrust 

The beneficial effects of pulses vary with the genotype and soil type. This highlights the need to evaluate various 
genotypes of different pulse crops in different soil types to recommend the suitable cropping sequence. 
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Introduction 

Climate change is a natural phenomenon that has been constantly occurring since the formation of the planet 
earth. An imperative expression of climate change is the global warming that arises due to the combined effect 
of air and sea surface temperatures over the world. Nevertheless, a rapid rise in its pace and magnitude due to 
the anthropogenic activities over the past few decades have continued to be a threat to the future of mankind 
and the agro-ecosystem. Intergovernmental Panel on Climate Change (IPCC) has predicted the concentration of 
atmospheric CO2 from 280 μ mol / mol between the ends of the last glaciations to 380 μ mol /mol today, and 
expected to reach at a level of about 550 μ mol/mol in 2050. As a result, several changes in the climatic 
conditions have been occurred, including the rise in average global surface temperature by 0.2°C per decade 
and ascending the mean sea level in 2017 by 3 inches over an average of 1993.  

Human-induced warming has reached ~1°C above the pre-industrial level in 2017. With this current emission 
scenario, the global mean temperature would rise between 0.9°C to 3.5°C by the year 2100. Perhaps, nobody 
should ignore that the growth rate of atmospheric CO2 concentration is hastily increasing more since the year 
2000 than in the previous decades. 

Impact of Climate Change on Nematodes and their Interaction with Plants 

It can be explained in four important points, which are listed below: 
1. Impact on nematode abundance in the soil. 
2. Impact on nematode parasitism. 
3. Impact on geographical distribution of nematodes. 
4. Impact on nematode management strategies. 

Impact on Nematode Abundance in the Soil 
Global warming is the most imperious manifestation of climate change due to the upsurge level of CO2 and 
temperature. Parenthetically, both these physical forces (temperature and CO2) are the essential factors that 
influence the biology of nematodes. Nematode development rate is directly propelled by temperature gradient 
with slower development at cooler and a faster rate at warmer soil temperatures. So, soaring the mercury level 
due to global warming expected to have resulted in multiple nematode generations per season and expansion 
of their geographical distribution range. 

Impact of Climate Change on Nematode Parasitism 

The classic disease triangle establishes the conditions for disease development i.e., the interaction of a 
susceptible host, a virulent pathogen and a favourable environment (Ghini et al., 2008). Climate change is likely 
to affect ecological interactions, including host-parasite interactions and herbivory. Interactions between 
herbivores and plants are also likely to change as a result of climate influence. For example, although root 
biomass increased under elevated CO2, the damage due to root-feeding nematodes was more under elevated 
CO2 compared to the ambient levels in a grass species. 
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Similarly, neutral responses of herbivorous nematodes to CO2 enrichment were observed despite increase in 
root production by 3–32% in different locations (Ayres et al., 2008). This may be due to decrease in root quality 
(low nitrogen content) or increase in nematode antagonists. It is possible that under elevated CO2 conditions, 
nematodes may have to consume more plant material to maintain the same population levels due to low 
nitrogen content of plant which in turn may result in more plant damage and reduced yields. 

Impact of Climate Change on Geographical Distribution of Nematodes 

Temperature and edaphic factors play a major role in limiting the spatial distribution of nematodes in a given 
area. The emergence of new nematode problems in crop or introduction to a new area is a cause of worry under 
changing climatic scenarios. 

Nematodes do not have a capacity for active dispersal to the long distances, but a change in the nematode 
population could be forecasted in geographical distribution due to prolonged effect of climate change (Wilschut 
et al., 2019). As a result of global warming, a generalised shift in trend is observed in insect pest and disease 
incidence from geographical south to north and from the low altitude to high altitude. 

Impact of Climate Change on Nematode Management Strategies 

Integrated nematode management (INM) utilises the combination of various nematode suppression methods 
viz., cultural practices, physical factors, botanicals, biological and chemical methods etc. However, with the 
changing global environment around us, we cannot continue to rest on the present nematode management 
practices. We must remember that the role of climate change while developing the nematode management 
strategies which suit new situations. 

Conclusion 

Looking across the available findings we can conclude that the climate change will affect the soil nematode 
composition, nematode population dynamics, plant-nematode interactions, host induced resistance, efficacy 
of natural enemies of PPNs and crop susceptibility to nematodes etc. An elevated temperature and carbon 
dioxide may influence different nematode groups directly by interfering with their developmental rate and 
survival strategies and indirectly by affecting their host physiology. Potential changes in the spread and 
geographical distribution of PPNs using predicted climate change scenarios warns future spread to new areas. 
Further, development of the integrated management strategies to manage phyto-nematodes can be made 
keeping in the view of climate change is necessary. 
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The decline of productivity and health of the tress may be due to faulty management which are characterized 
by sparse appearance, yellowing and different type foliage symptoms, undergrowth and sickly appearance, 
dried-up top growth with small and a smaller number of fruits. The branches of trees start to die from the top 
to downwards, ultimately resulted poor quality fruits. Such type of decline may be seen in whole orchards, on 
in a single tree or patches. Senile orchards with poor productivity are now a common problem in temperate, 
tropical and subtropical fruits. Since most of the fruit trees has long juvenile period, hence going for replanting, 
rejuvenation may be better option to convert sick tree into productive ones. For overcoming the problem of 
unproductive and uneconomic orchards existing in abundance, large scale uprooting and replacement with new 
plantations (rehabilitation) will be a long term and expensive strategy. Therefore, research efforts were initiated 
to standardize a technology for restoring the production potential of existing plantations by a technique called 
Rejuvenation. Rejuvenation means restoring vitality and freshness of plants. It is another name for renewal. 

Technique for Rejuvenating the Senile Orchards 

The rejuvenation technology involves the heading back of exhausted trees showing marked decline in annual 
production and quality of produce to the extent of 1.0-to-1.5-meter height above the ground level during May-
June or December-February with the objective of facilitating production of new shoots from below the cut point 
and allow the development of fresh canopy of healthy shoots. The newly emerging shoots are allowed to grow 
up to 40-50 cm length and then further pruned for emergence of multiple shoots below the pruning point to 
modify the tree structure and maintain canopy size. Profusely emerging shoots in the inner canopy are also 
pruned out to promote branching. The multiple shoots developed as a result of second pruning are capable of 
producing flower buds. 

Need for Rejuvenation 

The old fruit orchards need to be rejuvenated as they show decline in yield and quality of produce which may 
be attributed to any one of the following factors:  
1. Reduction in the photosynthetic surface area.  
2. Non availability of productive shoots.  
3. Increased incidence of insect pests and diseases. 
4. Less penetration of sunlight due to overcrowding of branches as a result of which the fruits on the interior 
areas of the tree do not develop proper colour. 

Methodology of Rejuvenating the Existing Orchards 

Identification of old orchards.  
1. Top and Frame Working by Power Pruning Saw.  
2. Procurement of bud wood and scion from genuine source.  
3. Frame working with latest available varieties.  
4. Operations under expert guidance. 

Rejuvenation Strategies 

1. Mark trees and their undesired branches for pruning. 
2. Pruning of marked branches should be done in the recommended month. 
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3. Pruning should be done in alternate row. 
4. Pruning should be initiated from lower surface of the branch and alter from upper surface to avoid cracking 
of branch and bark splitting. 
5. Immediate after heading back, apply Copper Oxy Chloride paste on the trunk, branches as well as cut surfaces 
to avoid infestation of diseases. 
6. Care should be taken to control pests and disease. 
7. After pruning a greater number of shoots will emerge, for proper growth of newly emerged shoots thinning 
out of undesired shoots is essential. 

After Care of Rejuvenated Trees 

After the reiterative pruning, the tree should be fed with optimum fertilizer doses, followed by irrigation near 
the root zone, just like the commercial orchards. The manures and fertilizers should be applied through ring 
method.The dose per tree as an adult bearing stage i.e., 75-80 kg well rotten FYM, 2 kg Neem/Castor cake, 1.00 
kg Urea, 1.50 kg Single Super Phosphate and 500 g Muriate of Potash should be applied preferably in two split 
doses one during August-September and another in February-March. The micronutrients like Zinc (ZnSO4, @ 2-
3 g/l) and Boron (Borax @ 2 g/l) may be applied through foliar application from one year after the reiterative 
pruning.  

It has been observed that the pruned trunk/ branches during the month of August, starts putting forth 
vegetative sprouts just after 25-30 days. The enormous numbers of branches come out and cover the entire 
body of the pruned plant. At this juncture, careful thinning operation is required to be done with the ultimate 
aim of developing solid, semi-circular or open umbrella type canopy. Shoot removal should not be done just 
after their emergence; rather, these should be removed sequentially after 6-8 months of rejuvenation. In this 
attempt, it is required to remove the sucker growth around the bottom of the trunk and thin out the excessive 
branches as well, keeping only 3-4 numbers nearly top-side portion on each pruned limbs of the trunk projecting 
all the directions and further training for acquiring desired shape. The air and light must have access to all the 
parts of the tree. The horizontally developing limbs should be cut back to the point where they will not hang 
under the weight of fruit into the row or to the ground on lower limbs.  

Rejuvenated trees require immediate irrigation if any dry spell occurs, to avoid drying out of the trees. Irrigation 
is must after the manure and fertilizer application. Irrigation at regular interval of 8-10 days during hot summer 
season and 15-16 days during winter season helps faster vegetative growth and good canopy development. Just 
after the completion of reiterative pruning for rejuvenation, the open interspaces between the trees were 
created in the orchard like newly planted orchard. Intercrops during summer season like black gram, mung, 
maize, cucurbitaceous vegetable, fodder crops etc. and during rabi season, the crops like cowpea, french bean, 
pea, potato, mustard, etc have been found most suitable. Flowering plants and annual fruit crops like papaya 
and banana have also been found to give good income for 2-3 years. Apart from the significant income obtained 
by the intercrops in rejuvenated orchards, the added advantages like improvement in the soil tilth (health), 
almost complete checks over weed growth as well as fewer incidences of pests and diseases are also obtained. 

Conclusion 

Since the orchard establishment is a long-term process and cannot be done in days but once the yield is reduced 
to such an extent that orcharding becomes non-economical, rejuvenation is said to be essential as it:  
1. Helps in restoring the production potential of old unproductive and diseased orchards in shortest possible 
duration than any other technique.  
2. Helps in restoring the production potential, as well as in maintaining the manageable tree height with open 
architecture.  
3. Sustaining the life of farmer without affecting his economy to a great extent. 
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Abstract 

India is associate degree agriculture based mostly country and quite five hundredth of population is rely upon 
agriculture. It’s same that agriculture is that the back bone of Indian economy. To beat the issues sweet-faced 
by farmers and to satisfy the food demand of skyrocketing population there should be amendment in 
agricultural activities. Thus, this will be achieved with the utilization of exactness farming. Precision Farming is 
usually outlined as data and technology based mostly farm management system to spot, analyse and manage 
variability among fields for optimum profit, property and protection of the land resource. the necessity of 
exactness farming is to reinforce productivity in agriculture, economical use of natural resources, setting 
friendly, etc. the utilization of exactness farming aids in scientific discipline perspective, Technical perspective, 
Environmental perspective and Economical perspective. There are 2 steps in exactness farming they're 
assessing variability (AV) and Managing variability. There are many parts specifically GI, RS, GPS, WSN&IOT, VRT 
and Sensors. There are bound ways within the adoption of exactness farming that helps the farmers. From 
numerous analysis we tend to came to grasp that it conjointly has potential to create a big distinction within 
the livelihoods of farmers that account an oversized share of Indian population. 

Introduction 

India is associate agriculture primarily based country and agriculture is that the primary supply of resource for 
regarding fifty-eight per cent of Asian country’s population. It’s additionally same that back bone of Indian 
economy is Agriculture. As Asian country is that the second largest inhabited country, there's a tangle with 
production of food for feeding the increasing population. to beat the matter moon-faced by farmers and to 
satisfy the demand of skyrocketing population sure changes in agricultural activities must be created. This can 
be achieved with the employment of exactness Farming. By 2050 the worldwide population is predicted to be 
nine.25 billion and with exactness Farming a farmer will feed regarding twenty fifty-six folks. 

What Is Exactly PF? 

Precision Agriculture is that the application of technologies and principles to manage spatial and temporal 
variability related to all aspects of agricultural production for up production and environmental quality. 
Precision Farming are usually  outlined as data and technology primarily based farm management system to 
spot, analyse and manage variability at intervals fields for optimum profitableness, property and protection of 
the land resource.  

Success of exactness agriculture depends on the correct assessment of the variability, its management and 
analysis in crop production. The agronomical practicable of exactness agriculture has been intuitive, relying 
mostly upon the applying of ancient arrangement recommendations at finer scales. The agronomical success of 
exactness agriculture has been quite persuasive in crops like sugar beet, sugarcane, tea etc. 

PF as Straight-Forward Concept 

1. Availability of Right supply. 
2. At Right time. 
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3. At Right quantity. 
4. And at Right web site. 

Both Farm mechanization and exactness farming area unit similar in many ways, such as: 
1. High potency. 
2. Increase productivity.  
3. Optimize profitableness. 
4. Time saving. 

Why Precision Farming? 

It helps in: 
1. To enhance productivity in agriculture. 
2. Efficient use of natural resources. 
3. Farmers face accrued input prices. 
4. Labour is turning into tougher to seek out. 
5. Environment friendly. 
6. Generate farm specific knowledge to extend profits Successful implementation of preciseness agriculture 
depends on various factors, together with the extent to that conditions inside a field square measure well-
known and manage, the adequacy of input recommendation and therefore the degree of application 
management. 

The sanctionative technologies of preciseness agriculture are often classified in to major categories: Computers, 
international Positioning System (GPS), Geographic data system (GIS), Remote Sensing (RS) and Application 
management. Aspects of preciseness agriculture includes a broad array of topics together with variability of the 
soil resource base, weather, plant biology, crop diversity, machinery performance and most physical, chemical 
and biological inputs employed in crop production. 

Preciseness agriculture should match the requirements and capabilities of the farmer and should be profitable. 
Basic Steps in preciseness Farming Basic steps in preciseness farming square measure, 1. Assessing variation, 2. 
Managing variation and 3. Evaluation Opportunities. 

Some have a really high price per acre, creating wonderful cases for site-specific management. For of these 
crops, yield mapping is that the initiative to work out the precise locations of the very best and lowest yield 
areas of the sphere. Nutrient stress management is one more space wherever preciseness farming will facilitate 
the farmers. Most cultivated soils in Republic of India square measure acidic and special variation in pH scale is 
high. Sleuthing nutrient stresses victimization remote sensing and mixing knowledge in a very GIS will facilitate 
in site-specific applications of fertilizers and soil amendments like lime, manure, compost, mineral and sulphur. 

If remote sensing will facilitate in sleuthing little drawback areas caused by pathogens, temporal order of 
applications of fungicides are often optimized. Recent studies in Japan show that pre-visual crop stress or 
inchoate crop injury are often detected victimization drone and near-infrared narrow-band sensors. 

Likewise, mobile video knowledge and GIS are shown to effectively discover and map black fly infestations in 
citrus orchards, creating it doable to attain preciseness in tormenter management. Perennial weeds, that square 
measure typically position-specific (Wilson and Scott, 1982) and grow in focused areas, also are a significant 
drawback in developing countries. Remote sensing combined with GIS and GPS will facilitate in site-specific 
weed management. Although through analysis has not been done however, the use of preciseness technologies 
in managing the environmental aspect effects of farming and reducing pollution is appealing. 

Companies that Take Up PF are 

John John Deere Republic of India personal restricted, Trimble Iraqi National Congress., Sat Sure Ltd., Mahindra 
& Mahindra, Jain Irrigation System restricted, Fasal Agro Business Pvt. Ltd, and Exabit System personal restricted 
square measure few of the leading player’s operative within the Indian preciseness Agriculture Market. 
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Conclusion 

Precision soil sampling, knowledge assortment, and knowledge analysis, change localized variation of chemical 
applications and planting density to suit specific areas of the sector. Precision technologies has potential to form 
a major distinction within the livelihoods of farmers that account an oversized share of Indian population.  
Precision agriculture will address each economic and environmental problems that surround production 
agriculture these days.  Exactness Farming may be an important element to achieve higher level of Farm 
Mechanization though there's a requirement in quality analysis within the space of Precision Farming.  
Exactness farming nevertheless a replacement to Indian farmer’s so wants giant scale demonstration through 
farmer democratic approach.  There is sample scope to adopt a locality of exactness farming technologies in 
Indian agriculture through cooperative efforts by house technology organizations, agricultural establishments, 
non-public sector and NGOs. 
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Abstract 

Alleviation of poverty and food security are significant challenges faced by agricultural planners worldwide. 
Supplementing a part of inorganic fertilizers by organic manure by applying effective dose of sufficient and 
balanced quantities of fertilizers in combination with specific microorganisms, called INM, has a bright solution 
in this area. In addition, INM acts as a source of energy, organic carbon, and available nitrogen for the growth 
of soil microbes and improvement of physical properties of soil, and also have great residual effect on 
subsequent crops. So, the key component of the INM goal is to reach the eco-friendly practice through the 
harmonious properties of both sources by making a combination that can be used for decreasing the enormous 
use of chemical fertilizers and accreting a balance between fertilizer inputs and crop nutrient requirement, 
maintaining the soil fertility, optimizing the level of yield, maximizing the profitability, and subsequently 
reducing the environmental pollution. 

Introduction 

The major challenges faced by agriculture planners and farming decision makers in the coming few lies in vision 
world without hunger and zero poverty intensified by rising living standard of rural regions, where the majority 
of poor people live and their full dependence on agriculture for living to fulfil their food demands (Selim 2020). 
The key to eliminate the current suffering lies in the creation of a strategic layout that enhances prosperous 
farming and enables farmers themselves to achieve agricultural growth, reduce poverty, and sustain high 
returns. Integrated nutrient management is the integral practice where all sources of nutrients viz., organic, 
inorganic, biofertilizers can be combined and applied to soils so that crop growth is enhanced in order to get 
higher yield. It helps to maintain soil health and plant nutrients at an optimum level to sustain the desired crop 
productivity. The technique of using minimal effective dose of judicious and balanced quantities of organic and 
inorganic fertilizers in combination with specific microorganisms to make nutrients more available and most 
effective for maintaining high yields without exposing soil native nutrients and polluting the environment. 
Furthermore, many benefits can also be gained from using integrated nutrient management. INM can act as 
the driving forces, able to support the plans of converting marginal lands into productive ones, therefore 
fulfilling the strategy agenda of increasing cultivated land. 

Need for INM 

India is mainly an agriculture-based country and two-third of its population depends upon agriculture for their 
livelihood. The advent of high yielding varieties for attaining self-sufficiency in food production along with 
increased use of chemical fertilizer. This leads to stagnation in crop yields as it has adverse effect on 
environment causing eutrophication, heavy losses of nitrogen, greenhouse gaseous emissions. Earlier more 
emphasis was given on increased use of fertilizers as it raised the concern of declining productivity and 
appearance of deficiency of secondary & micronutrients. The current approach is based on optimum use of 
organic, chemical fertilizers and biological fertilizer in an integrated way to obtain higher crop yield and 
maintenance of soil fertility. The improper use of chemical fertilizer shows nutritional imbalance in the soil, 
instability in productivity, hidden hunger and depletion of nutritional quality (Bairwa and Katkat 2009). 

Benefits 

This system involves a series of the following benefits: 
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1. Systems can improve the soil nutrient natives and increase the solubility and availability of fertilizers to be 
used. 
2. Use the harmonious behaviour of nutrient supplies and making them match with the crop requirements. 
3. Offer the nutritional balance to the crops and lessen the aggressive effects resulting from the opposite impact 
between nutrient fractions and nutrient imbalance (Zhang et al. 2012). 
4. Advance and sustain the physiochemical and biological functions of soil properties. 
5. Reduce the rate of soil degeneration, water, and ecosystem by enhancing carbon confiscation and decreasing 
nutrient losses to ground and surface water forms and to environment pollution. 
6. Minimize higher total costs of production and raise the farmer’s returns (increasing profitability). 

Conclusion 

Higher yield per unit area and more crops per drop are the main challenges facing researchers, agricultural 
specialists, and farmers worldwide and also is the main option of solving highly critical problems of alleviation 
poverty. Integrated nutrient management is a tool which can offer good options and economic choice to supply 
plants with a sufficient amount of most macro- and micronutrients and also can reduce the dose of chemical 
fertilizers, create favourable soil physiochemical conditions and healthy environment, eliminate the constraints, 
safeguard the soil nutrient balance in the long run, generate an optimum level for sustaining the desired crop 
productivity. 
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Introduction 

India is an agrarian based country, from the past ten years the central and state government provides support 
for the agriculture sector in several forms like subsidizing inputs, access to cheaper capital, loan waivers and 
minimum support prices for outputs but these initiations are not fully changed the farmers problems. In the last 
five years, there is an increasing trend towards direct cash transfers as one of the main tools of supporting 
farmer welfare. After many experts’ suggestions the Telangana government introduced the Rythu Bandhu 
scheme. it is a welfare scheme meant to innervate the farmers for their agricultural investment, the purpose 
behind the scheme was to support the farmers in agricultural investment, in order to ensure that the farmers 
having financial support during initial farm investment needs of every farmer and the scheme provides direct 
money to the farmers for their operational investments during farming of the two seasons kharif (vanakalam) 
and rabi (yasangi) and this was a great initiation by Telangana state government. 

Approach and Methodology 

Rythu Bandhu scheme run by Telangana state meant to encourage the farmers for their agricultural investment. 
Under the scheme, almost 58.33 lakh farmers of Telangana state are provided Rs 4000 per acre previously in 
2018 later it was increased to 5000, per season (crop-sowing) - to support the farm investment twice a year 
(total Rs 10,000), for both - Rabi and Kharif seasons.  

The scheme was a brain child of Chief Minister of Telangana, Mr. K. Chandrashekhar Rao. He announced this 
scheme at Farmers Coordination Committee (Rythu Samanvaya Samithi) conference at Prof Jayashankar 
Agriculture University(PJTSAU) on 25 February 2018, by allocation of ₹12,000 crores was made in 2018-19 state 
budget, and launched on 10th  May 2018 at Dharmarajpalli village in Karimnagar. 

In Telangana the farming land is 1.43 crore acres and the number of farmers in the state around 58.33 lakh, 
more than 8 lakh farmers in Telangana enjoy the benefits of the Rythu bandhu scheme, approximately more 
than 55% of population is depending on agriculture. 

By this scheme most of the small and marginal farmers are benefitting and they are coming out of financial crisis 
during initial farm investments on seed, fertilizers, pesticides, and this scheme amount will help on timely 
application of fertilizers and pesticides to the crop will leads to increase in the farm productivity and it is directly 
proportional linkage to the doubling farmers income. 

Initially in 2018 kharif season scheme money was given to the farmers through a bank bearer cheque, later 
government is directly transferring amount to the farmers saving bank accounts through Agriculture Extension 
Officers (AEO), they make entries of bank account details on Rythu bandhu portal by a tablet computer provided 
to them for easy monitoring. 

Eligible Criteria of this Scheme 

1. The farmer should have own farming land in Telangana revenue villages. 
2. The scheme is applicable for all farmers; there is no cut-off in case of extent, however, commercial farmers 
are excluded from the scheme. 
3. Also, farmers who till rented land are excluded from under this scheme. 
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What are the Benefits Under the Rythu Bandhu Scheme? 

1. The farmers need not approach private money-lenders for marginal loans to buy seeds, fertilisers etc. 
2. Rythu Bandhu instalment can aid their purchase of inputs like seeds, fertilizers, pesticides, labour and other 
investments in the field operations. 
3. The farmer can decide his choice of crop for the season; the scheme does not dictate what crop the farmer 
can take. 
4. Reduce financial crisis during initial farm investment. 
5. Helps farmers to reduce indebtedness from credit for farm investment. 

Conclusion 

The scheme is impressed whole nation as well as central government also, PMKSY scheme was introduced by 
the inspiration of Rythubandu scheme and this scheme will lead farmer to reduce financial stress during initial 
investment that help to reduce farmer suicides indirectly, the records proves farmer suicides in Telangana has 
declined in 2019 when compared to the previous three years. The scheme directly helps the farmers to reduce 
cost of cultivation and increasing farmer’s profits and also increasing farmers will power on increasing 
productivity and production. From the inspiration of this scheme the all-state governments in India has to come 
up with these types of schemes to reduce farmers financial stress during farming, it will helps minimize farmer 
financial problems and leads to increase production and productivity. 
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Introduction 

There are four major categories of productive use of water in Agriculture: 
1. Rain fed Agriculture. 
2. Supplementary irrigation. 
3. Irrigated Agriculture. 
4. Livestock. 

Irrigation is one of a means to increase the productivity of the agriculture and to meet the food demand of the 
rural communities. Based on the area coverage the irrigation system can be classified as in the following ways: 
1. Small-scale irrigation system (<200 hectare) 
2. Medium- scale irrigation system (200-300 hectare) 
3. Large- scale irrigation system (>300 hectare). 

The aim of irrigation is to enable the farmers to make at most use of the natural resources, water and soil using 
his or her labour and skill to produce crops (subsistence and commercial) for livelihood. Livelihood includes on 
farm non-farmer and off farm activities that aims at food security in the first-place poverty alleviation, 
biodiversity, crop diversification and last but not least socio-economic importance of the entire rural 
community, climate and topography (shape and slope) is to be taken to account. Currently small-scale irrigation 
is highly favoured by government as a means of bringing about house hold food security, reduce dependency 
on food aid economic growth. 

In this context surface water source for the irrigation purpose is better as compared as the ground water source 
because: 
1. Mostly ground water contains salt which is not suitable for crop growth 
2. Extraction of ground water requires cost and skilled human power depending on the  ground water table 
3. The sustainability of the ground water is quite problematic 
4. The availability of ground water is primarily depending on the nature of the aquifer. 

Small-Scale Irrigation System 

Small-scale irrigation can be defined as irrigation, usually on small plots, in which small farmers have the 
controlling influence, using a level of technology which they can operate and maintain effectively. Small-scale 
irrigation is, therefore, farmer-managed: farmers must be involved in the design process and, in particular, with 
decisions about boundaries, the layout of the canals, and the position of outlets and bridges. Although some 
small-scale irrigation systems serve an individual farm household, most serve a group of farmers, typically 
comprising between 5 and 50 households. Even if the system has a number of problems, farmers have 
traditional water users’ associations, in the form of water communities. In the association the individual farmers 
have a role for the development of the scheme and are generally well organized and are effectively by farmers. 
Small scale irrigation system can be applying in all farmers such as growing of vegetables at a house hold level 
and within a small community by sharing resources and cooperate closely to achieve common goals. The 
association may comprise up to 200 users who share common canal or its branch. Example of small-scale 
irrigation include household based rain water harvesting, hand dug well, shallow wells individual house hold-
based river diversions and other methods can be used. 



 

 
Volume 3 - Issue 01 - January 2021       431 | P a g e  
 

 
Fig 1 : Small Scale Irrigation System 

Small-Scale Irrigation Covers a Range of Technologies to Control Water from Floods, Stream-
Flow, or Pumping 

Flood cropping:  
a. Rising flood cropping (planted before the flood rises).  
b. Flood/tide defence cropping (with bunds).  

Stream diversion (gravity supply): 
a. Permanent stream diversion and canal supply.  
b. Storm spate diversion.   
c. Small reservoirs. 

Lift irrigation (pump supply): 
a. From open water.   
b. From groundwater. 

Economic Contribution of Small-Scale Irrigation to Farmer’s Livelihood 

The development of small- scale irrigation scheme has led to increase cropping intensity per year and increase 
production by supplementing the rain fed production. It also enables the farmers to produce cash crop such as 
coffee, sugarcane, cotton, banana and mango. Now a day the price of these cash crops grown in the area 
increase and competitive in the market through time to time and their livelihood improved. And also save extra 
money by the iqub and in bank and by more ruminant Animals. 

Challenges and Opportunities of Small-Scale Irrigation 

In order to practice the small-scale irrigation system development opportunities and problems can be 
encouraging. The system is going to be efficient hope for the best and use opportunities while facing threat and 
prepare the worst through minimizing the problems. Having on this the following challenges and opportunities 
can be occurred. 
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Challenges 

The country has been a series of challenges even during good rain seasons and natural failure due to different 
factors such as pests, erratic rain falls and other environmental constraints. Ethiopia could try to face those 
challenges in terms of food security is accompanying with in adequate food production to sustain rural 
communities. Therefore, increasing arable land or attempting to increase to promote the food security in the 
country, we are not expected to agricultural yield alone will promote food security and requires other 
substantial products to be produced. According to field data records shown that the following are challenges of 
irrigation development are listed and explained. These are: 
1. Shortage of basic technical knowledge of using modern irrigation systems such as drip, sprinkler and spate 
irrigation systems. 
2. Inadequate awareness about how to manage irrigation water with in the field and irrigation scheduling. 
3. Inadequate knowledge of an improved and diversified irrigation agronomic practice. 
4. During small-scale irrigation development the structure depends on scheme-based approach rather than area 
catchment based. 
5. Lack of involvement in design, construction, operation and maintenance of the irrigation projects. 
6. The output of the current irrigation schemes becomes low and fragile. 
7. In some case problems related to the land owner and other infrastructures. 
8. Users Poor economic back ground. 

Opportunities 

The basic opportunities of irrigation development in Ethiopia includes: 
1. The growth and transformation plan could a special consideration for the development and growth of the 
irrigation system. 
2. Individual farmers can be practice house hold water harvesting and other irrigation activities through his /her 
indigenous knowledge. 
3. Special consideration for the encouragement of private and public enterprise development who can 
proposed an irrigation project. 
4. Abundant water resource and suitable environment for growers. 

Advantage of Small-Scale Irrigation 

If we manage irrigation activities in proper way it has a number of positive impacts like; generate income, food 
sufficiency, create employment opportunity, social needs can be self-actualization, increase in agricultural 
production through expansion and growth of crops, and poverty reduction with in an overall view. Within a 
wide range of application, it is better to determine the merits of an irrigation system in a certain community are 
to be economically stable, socially acceptable, environmentally attractive. The basic purpose of small-scale 
irrigation is to provide water for plant to meet full vapour transpiration they’re by obtaining optimum yield and 
maximum water use efficiency. It has been the best option to raise productivity and increase agricultural 
production and stabilizing agricultural productivity there by providing sustainable development. Generally, the 
benefit of small-scale irrigation is both social and economic, some are direct, others in direct, some are 
assessable and others are in tangible it may also regarded the settlement of lands as social service providing 
the un employed with livelihood and restoring the self-respect of the individuals. The major advantages of small-
scale irrigation are the following if irrigation is properly done ;improve farmers income, increase quality as well 
as quantity of cash crops, eliminate mixed crops, control the time to harvest, over all development and require 
lower investment costs. 

Conclusion 

Small scale irrigation farming has played a vital role in enabling food production by lowering the risk of crop 
failure and sustaining households and food security status. The introduction irrigation agriculture enabled them 
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to produce various types of crops. Although, small scale irrigated agriculture provides suitable environmental 
conditions for crop diseases (pest and insect) and human health problems to appear, so practicing different 
management practice like crop rotation, frequent tillage and use insecticides, pesticide, mosquito net and 
cleaning the irrigation canal to alleviate the problems. Extension works should be done to aware the importance 
of irrigation system and the involvement of the farmers could be including when the system is going to be 
efficient. Government and other related policy formulation organizations should focus on decentralized system 
among the users. 
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Introduction 

The efficiency of various nematode extraction methods differs with the time period, equipment used, soil type, 
moisture content of the soil, different nematode genera with different life stages and basically upon the 
performance of the individual who is carrying out the extraction. The extraction of nematodes will be carried 
out with the objective of nematode identification and nematode population estimation, diagnosis of diseases, 
management of diseases, research, nematode suspecting and confirmation of nematode diseases. 

Extraction Techniques 

There are two methods for extraction: 
1. Direct method: Dissection method  
2. Indirect method: for active nematodes. 

a. Baermann’s funnel: 
i. Baermann’s funnel method is used for the extraction of active nematodes from soil and plant 
materials. 
ii. For both active and inactive nematodes blender centrifugal floatation method is used. 

Direct Method 

Dissection: Dissecting microscope, Petri dish, dissecting needles, pair of forceps Handling needle, Painting brush 
and clean water. 

Protocol used: Carefully wash the plant material and place it in a water-filled petri dish. Dissect the sample with 
dissecting needles and forceps, using a 15-50x magnification. The emerging nematodes, egg masses, etc. can 
be picked from the suspension with a handling needle or painting brush. After 2-3 hours, the sample should be 
observed again, because active stages of nematodes may have crawled out of the material. Collect it over 100 
mesh to remove the root bits. Collect the suspension and observe the nematodes. 

Merits: Simple and cheap 
a. Small amount of water is required. 

Demerits: Laborious 
a. Suspension is usually dirty due to plant debris. 
b. Suitable only for small samples. 

Indirect Method 

Baermann’s funnel method: Pair of scissors or a knife funnel, piece of soft silicon tube, squeezer clip, piece of 
cheesecloth, clean water. This method for the extraction of motile nematodes was introduced by Baermann 
(1917) using a funnel.  

a. This method for extraction of the nematodes was introduced by Baermann in 1917 using a funnel. 
Oostenbrink (1960) replaced the funnel by dish 

Principle: This method is based on the mobility of the nematodes. Nematodes attracted towards water and 
move downward in the funnel. 
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Protocol used: Carefully wash the sample and cut it into ±1 cm-sized pieces. Take a subsample of particular size 
(e.g., 10 g) and wrap it in a piece of cheesecloth, forming a loose ball. Make sure the funnel is clean. Place the 
funnel in a stand and fill it with water until it reaches up to ±1 cm below the rim. Be careful to avoid formation 
of air bubbles. Make sure that the clip closes well and that the rubber tube does not leak. Tap some water when 
an air bubble has formed.  Hang the cheesecloth with the sample in the funnel so that the sample is totally 
submerged, without touching the bottom of the funnel. Nematodes will crawl out of the material into the water 
and settle. After a period of 16-72 hours the nematode suspension can be tapped by opening the squeezer clip. 
Regularly tapping and adding water increases nematode vitality (Fig. 1) (Nijs, 2013). 

 
Fig.1: Baermann’s funnel 

Merits: Less expensive and cheaper  
a. Final suspension will be virtually very clear 
b. Simple, no special skill required 

Demerits: Many nematodes will die because of lack of oxygen at the bottom 
a. Inactive and dead nematodes can’t be exploited. 
b. Checking the water level is necessary which needs attention. 

Blender Centrifugal Floatation Method 

Used to extract both active and inactive nematodes from plant material. 
Requirements: Domestic blender, centrifuge, vibrio mixer, balancer, plastic bowl with a capacity of 4 litres, 
pipettes, beaker and Mgso4 solution.  

Principle:  This method is based on the difference in specific gravity between the nematodes and other particles 
in the sample. 

Protocol used: Carefully wash the plant material and cut into pieces of 0. 5cm.Take a subsample in a domestic 
blender submerge the sample in water and blend for 5 sec. Pour the suspension through 1200 µm sieve into 
plastic bowl, rinse the residue on the sieve with water to collect all nematodes and discard it. Divide the 
suspension in a plastic bowl over two centrifuge tubes. Balance the centrifuge tubes with water and centrifuge 
it for 4 minutes. Carefully decant the supernatant over 10µm sieve to collect the nematodes which did not 
precipitate. Add MgSO4 solution and mix it thoroughly with a vibrio mixer for 20 sec. Rinse the head of the 
vibrio mixer above that of centrifuge tube with MgSO4. Balance the centrifuge tubes with MgSO4 and centrifuge 
it for 3 minutes at 1800 g. Pour the supernatant on the 10µm sieve with water and collect the nematodes in a 
beaker. 

Merits: With this method we can also collect the inactive nematodes 
a. It requires short duration for extraction and final suspension will be clear. 

Demerits: It influences the nematode shape. 
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a. Negatively affect their vitality. 
b. The required equipment is very expensive. 

Conclusion 

Among these methods, Baermann’s funnel method is the best and effective. The Baermann’s funnel method is 
the method with highest numbers of recovered nematodes and it is easy to set up for testing. The final 
suspension is also so clear in this method. 
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Introduction 

Sustainable crop production is a demand of today agriculture. From the old age, agricultural practices having an 
immense natural resource and less pressure for the food grain production across the globe. As the human and 
animal population is growing, the per capita pressure on natural resources is increasing with the pace of time. 
The fast industrialization, increasing burning of fossil fuels, poor management of natural resources, and low 
awareness among the peoples toward environment promote the pollution in natural resources. Indian 
population is growing higher in annual rate and needs 280 Mt food for fulfilling the hungry mouth of the country 
in 2020. If we consider at global level, it is much more than the potential capacity of natural resources. To 
mitigate the food crisis, we can follow: 
1. Using the poor-quality natural resources. 
2. Using high potential genetic crop varieties. 
3. Using sustainable management of natural resources. 

The use of poor-quality water for crop production reduced the soil fertility potential of soil and ultimately 
produced poor crop. This is also toxic in helping humans, due to the presence of various heavy metals. These 
metals in trace amount affected the living systems and physiological function and in higher level also caused 
death. In soil, the presence of heavy metals affected the plant nutrient transformation and enzymatic activities. 
The restriction of nutrient transformation reduced the plant nutrient supplying capacity of soil, as a result poor 
crop production. Heavy metals are metal and metalloids having higher density compared to water. A metal 
having specific gravity of more than 5.0 or atomic number higher than 20 is termed as heavy metal (Dotaniya 
et al. 2016). It is the main group of inorganic contamination in a larger land, mostly due to application of sludge 
and sewage and municipal waste, through agricultural inputs, metallurgical industries, and mining. These 
includes metal and metalloids of chromium (Cr), cadmium (Cd), nickel (Ni), lead (Pb), mercury (Hg), arsenic (As), 
selenium (Se), and zinc (Zn). Apart from these, other heavy metals are also important, but these are having less 
account of human and plant health, i.e., aluminium, cobalt, and molybdenum. Heavy metals are carcinogenic 
in nature; therefore, its decontamination from a system is necessary for sustainable crop production or a 
healthy environment. 

Bioremediation 

The term of bioremediation has been made of two parts: “bios” means life and refers to living organisms and 
“to remediate” that means to solve a problem. “Bioremediate” means to use biological organisms to solve an 
environmental problem such as contaminated soil or groundwater. Bioremediation is the use of living 
microorganisms to degrade environmental pollutants or to prevent pollution. In other words, it is a technology 
for removing pollutants from the environment thus restoring the original natural surroundings and preventing 
further pollution. 

Bioremediation Techniques 

Bioremediation is the removal of heavy metal from polluted soil and waste water with the help of biological 
techniques. The techniques are classified into: 
1. Bioremediation by microorganism. 
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2. Bioremediation by plants known as phytoremediation. 

Bioremediation by Microorganisms 

In this method, suitable microorganisms are used for the removal of heavy metals. In this microorganism 
converted toxic metal to nontoxic or less toxic substances. A particular type of microorganisms is responsible 
for a specific type of metal removal. The part of the metals is taken by microorganism as food materials and 
converted as nontoxic substances. However, all the metals are not treated or remediated easily by 
microorganisms. For example, Cd (Cadmium) and Pb (Lead) are not readily absorbed by the microorganisms. 
The availability of food materials for soil biota enhanced the bioremediation rate in contaminated soils. The 
availability of food materials for soil biota enhanced the bioremediation rate in contaminated soil. Increasing 
the N availability in contaminated soil may encourage the heavy metal biodegradation. These efficient 
microorganisms used for the metal remediation function are known as bioremediators. If fungi are used for the 
removal of heavy metals, they are known as mycoremediation. 

The genetically engineered microorganisms may be important in the process of bioremediation. The bacterium 
Deinococcus radiodurans is modified with the help of genetic engineering for remediation of toluene and ionic 
mercury from the radioactive reactor. 

Phytoremediation 

Use of various types of plants for the remediation of metals from contaminated environment is known as 
phytoremediation. It can be used for the removal of organic pollutant, trace metals, and radioactive materials 
from polluted soil and aquatic bodies. The green plants have immense potential to remediate pollutant and also 
detoxification by various mechanisms. The phytoremediation techniques include phytoexpraction, 
phytofiltration, phytovolatilization, phytostabilization, phytodegradation, phytotransformation, removal of 
aerial contaminants, etc. The capacity of phytoremediation can be enhanced through inserting various foreign 
genes into plants through genetic engineering or biotechnological techniques. 

Hyperaccumulator Plants 

Those plants have higher capacity of heavy metal adsorption in plant parts as compared to normal plants. These 
plants are not showing any adverse effect on plant growth. Such type of plants is specific with a particular metal 
or a group of metals. Plants that accumulated heavy metals in various parts. 

Phytoextraction 

In this technique, plant uptake contaminants from soil and water through plant roots and accumulate in 
aboveground parts, i.e., shoots. This is also known as phytoaccumulation, Phyto absorption, or Phyto 
sequestration. This process which stored metal in shoot is a crucial biochemical process; and researches are 
focused more on potential uptake in aboveground part, because the root biomass is generally not feasible. 

Phytofiltration 

This technique is similar to phytoextraction but is concerned with the remediation of contaminated 
groundwater rather than the remediation of polluted soils. The contaminants are absorbed or adsorbed, and 
thus their movement is less in underground water. This method is also known as rhizofiltration (by roots), blast 
filtration (by seedlings), and caulofiltration (used plant shoots). Plants (such as Helianthus annuus used for 
rhizofiltration are not planted directly but are acclimated to the pollutant first. Plants are hydroponically grown 
in clean water rather than the soil until a large root system develops. 

Phytostabilization 

Phytostabilization is the process in which plants (Festuca rubra L, Agrostis tenuis) are used to immobilize soil 
and water contaminants. It mainly focuses on sequestering pollutants in soil near the roots rather than in the 
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plant tissues itself. The contaminants are absorbed and accumulated by the roots, adsorbed onto the roots, or 
precipitated in the rhizosphere. Phyto stabilization involves three processes which include humification, 
lignification, and irreversible binding. 

Phytovolatilization 

It refers to the process through which plants uptake water-soluble contaminants and release them into the 
atmosphere as they transpire water. As the water travels along the plant’s vascular system from the roots to 
the leaves, the contaminant may be modified whereby it evaporates or volatilizes into the air surrounding the 
plant. Phytovolatilization is relevant in the remediation of soils rich in mercury, selenium and to some extent in 
arsenic. 

Phytodegradation 

In this process plant secreted various types of enzymes, i.e., dehalogenase and oxygenase through root cells, 
which break down the organic pollutants in soil. Some contaminants can be absorbed by the plants and broken 
down by their enzymes. Plant enzymes that break down ammunition wastes, chlorinated solvents such as 
trichloroethane (TCE), have been identified. 

Conclusion 

Heavy metal pollution is emerging with time, and the functional capacities of natural resources are shrinking 
toward production of food materials. The increasing crop production on limited land with poor-quality 
resources is a challenge to researcher and policy-maker across the globe. The use of poor-quality soil and water 
after proper management is needed for today and tomorrow. It revealed the usefulness of bioremediation as a 
better substitute for the removal of heavy metals from contaminated sites compared to the physico–chemical 
methods which are less efficient and expensive due to the amount of energy expended. Microorganisms and 
plants possess inherent biological mechanisms that enable them to survive under heavy metal stress and 
remove the metals from the environment. 
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Introduction 

In India more than 80% of the agriculture sector comprises of small and marginal farmers (Ministry of 
Agriculture and Farmers Welfare, 2015). Agriculture and its allied sectors are the source of livelihood of around 
54.6% of the population (Economic Survey 2019-20) and its contribution was around 16.5% of the GDP. 

The  world  has  changed  only  in  a  few  month which has led to unexpected consequences. The outbreak   of   
novel   coronavirus   disease, comprehensively  named  as  COVID-19  which was  first  developed  in  China[1] 
caused by a novel coronavirus SARS-Cov-2 has left no sectors untouched. 

With the death of thousands and dramatic impacts across the global economy, it has compelled governments 
around the world to prepare contingency plans and packages along with the contemplation about our future. 
Consequently, this has brought the world to a standstill. The Shutdown of industries, factories, and all other 
business has led our planet to recover itself. 

Impact of COVID 19 in Agricultural and Allied Sector 

The main agricultural issues are that the farmers have to face logistics difficult to get inputs such as; seeds, 
fertilizers, and insecticides. China, being the country with the largest for exporter of the fertilizer in the world 
has affected the international fertilizer trade, because of its severe lockdown. 

 

1. The first visible impact of COVID-19 inside the rural quarter is on the rural supply-chain. While the government 
has issued allows to trucks permitting them to deliver groceries, fruits, and cereals, a huge quantity of 
transporters is but to get hold of their permits. This has elevated the time taken for the farm produce to attain 
the market. Also, Factories are facing severe shortage of workers. 

2. The second impact is that several crops are affected by the lack of timely harvest and then marketing included 
wheat, grapes, watermelons, bananas, muskmelon, chana, cotton, chillies, turmeric, cumin, coriander, onion 
and potato. According to Grant Thornton in India’s analysis, the first lockdown 1.0 further led to: 

a. Disruptions in the procurement of food grains by government agencies 
b. Disruptions in the collection of harvests from the farms by private traders   
c. Shortage of workers to harvest the Rabi crop 
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d. Shortage of drivers to transport produce 
e. Blockades in the movement of agricultural commodities across highways  
f. Closure or limited operations of APMC mandis  
g. Shutdowns of retail agricultural markets  

i. Due to insufficient farm labour, harvesting was delayed 
ii. Disruption in supply chain led to scarcity of agricultural produce across the country 

With the closure of factories in urban and rural India during the lockdown, manufacturing of all agricultural 
inputs also took a hit. Farmers are facing issues with timely availability of seeds, fertilisers, pesticides, 
machinery, and credit on easy terms. Manufacturers are struggling to facilitate supply despite the demand.  

3. Perishable food items, such as fruits and vegetables, are severely affected due to the COVID-19 lockdown.  
a. Pile up of harvested and unharvested perishables have caused farmers losses of INR 15,000 crore and 
this is estimated to swell to INR 40,000- 50,000 crore in the coming months31. Mango growers across 
the country are expected to lose close to INR 6,000 crore this season. 
b. The fruits and vegetables sector are primarily unorganised, with 95% sales coming through sole owned 
provision stores, convenient stores, petty hawkers, itinerant vendors, etc. The lockdown has resulted in 
complete disruption of this network. 
c. Trucks and other vehicles for transportation have not been reaching farmers in many parts of the 
country. 

Measures Taken by Central and State Governments 

The central government has been proactive in implementing strict measures to curtail the nationwide spread 
of coronavirus. It has also ensured financial support through fiscal stimulus and key sector reforms to protect 
lives and livelihoods in India. The agriculture sector has featured prominently in the economy revival strategy 
of the government. 

PM-KISAN Scheme 

Pradhan Mantri Kisan Samman Nidhi is a central sector scheme under the government of India which provides 
income support to the farmers and their families. Later, on 1 February 2019, during the 2019 Interim Union 
Budget of India, Piyush Goyal announced the implementation of this scheme as a nationwide project. Narendra 
Modi launched the PM-KISAN scheme on 24 February 2019 in Gorakhpur, Uttar Pradesh. 

The main objectives of the PM-KISAN scheme are mentioned below: 
1. To provide income support to all eligible land-holding farmers and their families. 
2. PM-KISAN scheme also aims to supplement the financial needs of the farmers in procuring various inputs to 
ensure proper crop health and appropriate yields, commensurate with the anticipated farm income. 
3. The scheme is expected to increase the coverage of PM-KISAN to around 14.5 crore beneficiaries. It aims to 
cover around 2 crores more farmers with an estimated expenditure of Rs. 87,217.50 crores that will be funded 
by the Central Government for the year 2019-20. 

Detailed information about the PM Kisan Samman Nidhi Yojana on the Official Website 
(https://pmkisan.gov.in/). 

Pradhan Mantri Fasal Bima Yojana (PMFBY) 

The PMFBY was launched in 2016 and replaces all the prevailing yield insurance schemes in India. The scheme 
has been launched with an impetus on crop sector. The scheme has extended coverage under localized risks, 
post-harvest losses etc. and aims at adoption of technology for the purpose of yield estimation. Through 
increased farmer awareness and low farmer premium rates the scheme aims at increasing the crop insurance 
penetration in India. 
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Objective: Pradhan Mantri Fasal Bima Yojana (PMFBY) aims at supporting sustainable production in agriculture 
sector by way of: 
1. Providing financial support to farmers suffering crop loss/damage arising out of unforeseen events. 
2. Stabilizing the income of farmers to ensure their continuance in farming. 
3. Encouraging farmers to adopt innovative and modern agricultural practices. 
4. Ensuring flow of credit to the agriculture sector; which will contribute to food security, crop diversification 
and enhancing growth and competitiveness of agriculture sector besides protecting farmers from production 
risks. 

Technical Support 

Kisan Rath Mobile App: The Centre has launched Kisan Rath Mobile App that will facilitate farmers and traders 
to identify suitable transport facilities for the movement of farm produce during coronavirus lockdown. The 
App will allow transportation of farm produce from farm gate to mandi and from one to another mandi. It will 
ensure seamless supply linkages between farmers, FPOs, APMC mandis and intra-state and inter-state buyers. 
This app will also reduce wastage and contribute to better pricing of perishable commodities. Developed by the 
National Informatics Centre, Kisan Rath app will facilitate farmers and traders in searching for transport vehicles 
for primary and secondary transportation for movement of agriculture and horticulture produce. 

Kisan sabha App: Kisan Sabha App developed by CSIR-Central Road Research Institute (CSIR-CRRI), New Delhi 
to connect farmers to supply chain and freight transportation management system was remotely launched 
today, by DG, ICAR and Secretary DARE, Dr. Trilochan Mohapatra. Dr Mohapatra complimented CSIR on 
developing this portal as a one stop solution for farmers, transporters and other entities engaged in the 
agriculture Industry and offered that ICAR can work together with CSIR and use the Krishi Vigyan Kendra’s (KVK) 
networks for implementation. The portal connects the farmers, transporters, Service providers (like pesticides/ 
fertilizer/ dealers, cold store and warehouse owner), mandi dealers, customers (like big retail outlets, online 
stores, institutional buyers) and other related entities for timely and effective solution.  

Kisan Sabha: It aims to provide the most economical and timely logistics support to the farmers and increase 
their profit margins by minimizing interference of middlemen and directly connecting with the institutional 
buyers. 

Public Distribution System 

Under the Pradhan Mantri Garib Kalyan Yojana, the central government is facilitating the supply of food kits to 
those below the poverty line for three months. The government has partnered with processors to ensure 
families below the poverty line to get processed commodities under this initiative. The utilisation of PDS has 
increased by approximately 65% in rural areas. The central government has established a relief package for 
those households in need of food security during the lockdown period. Under PDS, the government is providing 
5 kg of either rice or wheat and 1 kg of preferred pulses per month free, offered in two instalments. Additionally, 
state governments have established their own relief measures with respect to the pandemic-induced lockdown 
to ensure food security to those in need with excess food grain stock held by the Food Corporation of India (FCI) 
to the tune of 24.7 million tonnes of wheat and stock of rice, including unmilled paddy was 49.15 million tonnes. 
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Introduction 

Electromagnetic fields are a combination of invisible electric and magnetic fields of force. They are generated 
by natural phenomena like the Earth’s magnetic field but also by human activities, mainly through the use of 
electricity. Mobile phones, power lines and computer screens are examples of equipment that generates 
electromagnetic fields. Most man-made electromagnetic fields reverse their direction at regular intervals of 
time, ranging from high radio frequencies (mobile phones) through intermediate frequencies (computer 
screens) to extremely low frequencies (power lines). 

Magneto-Priming 

Application of this magnetic fields in agricultural sector is very important practices for achieving better results 
in case of seed quality, plant establishment, pest and disease management, higher yield, post-harvest handling 
and food processing. Possible approaches include the treatment with electromagnetic waves (EWs), magnetic 
fields (MFs), the ultrasounds (US) and ionizing radiations (IR). 

Here we can discuss about how the magnetic fields enhance the seed quality through the magneto-priming. 
Process of treating the seeds with electromagnetic fields to achieve good quality plant establishment is known 
as “magneto-priming” (Araujo et al., 2016). 

Modern methods of seed treatments such as: stimulation with laser, UV, electric and magnetic field of different 
frequencies allow to obtain better correlation between results of laboratory germination and field emergence 
than conventional methods. Physical methods applied in the treatment of greenhouse plants include also the 
use of magnetically treated water. 

At What Conditions We Can Apply Magnetic Fields in Seed Science? 

Viability and vigour are main key factors which influence the seed quality. For maintaining initial seed qualities 
were many chemical treatments and other organic treatments are infused. Seed treatment with chemicals or 
organics or with other inputs is a time-consuming process which involves preparation solution, seed treatment, 
drying of seeds for storage and packing etc. 

In doing all these procedures cost of seed processing and storage is increased. It leads to increase in price of 
seeds and also after treatment with chemical solution improper drying will also cause microbes outbreak during 
storage or in packed seed. Utilization of magnetic fields in seed science is to improve seed quality in case of low 
vigour seeds, dormancy breaking in dormant seeds, seed sterilization and seed disinfection in storage 
management. 

Magnetic seed treatment is also enhancing seed quality as conventional seed treatment methods. Exposure of 
seeds to magnetic field for a short time was found to help in accelerated sprouting and growth of the seedlings. 
Magnetic field impacts on physiological qualities (early germination, germination, high vigour), structural 
(changes in seed coat surface) and morphometric (early seedling growth) estimates. A few reports have also 
considered changes in biochemical characteristics, such as number of pigments and secondary metabolites, 
enzymatic activities or antioxidative capacity. 
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Stressor-induced changes in physiological or biochemical activities are associated with selective modulation of 
protein expression in the growing seedling, e.g., activation of photosynthesis is expected to be related to 
changes in the leaf proteome. Plant hormones regulate seed dormancy and germination through an integrated 
network of interactions where the primary role belongs to an antagonistically acting duo: inhibitor of 
germination abscisic acid (ABA) and stimulators of germination gibberellins (GAs). 

 
Fig. 1 Electromagnetic field generator for seed treatments (Anand et al., 2012) 

After magnetic treatments hormonal balance was regulated in germinating seeds. Numerous other hormones 
exert impact on germination by modulating the effects of ABA/GA balance: auxin IAA (indole-3-acetic acid) is 
known to be a negative regulator of germination; ethylene, citokinins, brasinosteroids, and strigolactones can 
stimulate germination by various modes; salicylic acid (SA) and jasmonate (stress hormones) may affect 
germination positively or negatively depending on the situation. 

Magneto- primed seeds showed improved germination rates, vigour and seedling biomass or root development. 
Another interesting feature of MFs-treatments is that they appeared to enhance tolerance to biotic (De Souza 
et al., 2006) or abiotic stresses as result of the antioxidant response activation. Increased antioxidant enzyme 
activities of superoxide dismutase (SOD), catalase (CAT), and glutathione reductase (GR) were described in 
magneto-primed cucumber seeds (Bhardwaj et al., 2012). Consequently, MFs-treatments have the additional 
potentiality to be used for minimizing the drought or disease induced adverse effects on crop productivity. 

Advantages 

1. Quick and easy seed treatment method. 
2. Act as invigoration and disinfecting treatment. 
3. No chemical residues in seeds after treatment. 
4. No special care after treatment (drying back to original moisture). 
5. No adverse effects on environment. 
6. Pollution free. 

Conclusion 

Electromagnetic seed treatment is one of the advanced physical seed enhancement technique in recent 
researches. It done in fastest and residues free treatment for improving the seed quality. Hence, this method 
of seed enhancement technique is recommended for seed treatments in agriculture for attaining improved 
plant establishment. 
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Introduction 

Vitrification is an alternative to slow freezing for the cryopreservation of cells. Compared to the slow-freezing 
method, a much higher initial concentration of CPA and a much faster freezing rate are required. During 
vitrification, no further increase in solute concentration occurs during cooling because freezing does not occur. 
A higher survival rate of cells is expected because of the absence of formation of intracellular and extracellular 
ice during cooling. However, the formation of intracellular ice, which is lethal to cells, occurs during 
devitrification. In order to prevent recrystallization during thawing, the sample needs to be warmed rapidly. 
Vitrification is the rapid cooling of liquid medium in the absence of ice crystal formation. The solution forms an 
amorphous glass as a result of rapid cooling by direct immersion of the embryos in a polyethelene (PE) straw 
into liquid nitrogen. In vitrification procedures, cell dehydration is affected by direct exposure to concentrated 
vitrifying solutions prior to cooling in liquid nitrogen. Under ideal conditions, the specimens can be cooled at 
extremely rapid rates without undergoing intracellular ice formation. As a result, all of the negative effects of 
intracellular ice formation are avoided. Vitrification procedures have several practical advantages in comparison 
with conventional cryopreservation procedures. 

Vitrification 

The physical process by which a highly concentrated cryoprotective solution super cools to very low 
temperatures and finally solidifies into a metastable glass, without undergoing crystallization at a practical 
cooling rate. Thus, vitrification is an effective freeze avoidance mechanism. As a glass is exceedingly viscous and 
stops all chemical reactions that require molecular diffusion, its formation leads to metabolic activity and 
stability over time. 

In the conventional freezing method, slow freezing to about -40oC results in the concentration of the unfrozen 
fraction of the suspending solution and cytosol, which is sufficient to enable vitrification upon relatively rapid 
cooling in LN (partial vitrification). Vitrification can also be achieved by direct immersion in LN without the freeze 
concentration step, which is replaced by exposure of cells and shoot tips to an extremely concentrated (7 to 
8M) cryoprotectant solution. 

Modification of the Vitrification Procedure 

1. Encapsulation vitrification: This combines the advantages of vitrification (rapidity of implementation) and of 
encapsulation-dehydration (ease of manipulation of encapsulated explants) has been established. 

2. Droplet vitrification: The main interest of this technique is the possibility of achieving very high 
cooling/warming rates due to the very small volume of cryoprotective medium in which the explants are placed. 
This is a very recent technique which has been applied until now to a limited number of plant species only. 
However, the very promising results achieved call for a broader utilization of droplet-vitrification. 

Vitrification Used in Different Cryopreservation 

1. Embryo cryopreservation: vitrification has been widely used for the cryopreservation of human oocytes in 
vitro matured oocytes (Chian et al., 2008) pronuclear stage, cleavage stage or blastocyst-stage. Embryos of 
various species, including humans, can be cryopreserved by conventional vitrification using insemination straws 
or by ultrarapid vitrification using minute tools such as electron microscopic grids, thin capillaries, minute loops, 
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or minute sticks, or as microdrops. In the ultrarapid method, solutions with a lower concentration of permeating 
cryoprotectants, thus having a lower toxicity, can be used, because ultrarapid cooling/warming helps to prevent 
ice formation. 

2. Oocyte cryopreservation: Oocyte cryopreservation has emerged as a solution that could preserve the fertility 
without the need of sperms and many women consider fertility preservation as a necessary part of their plan 
of treatment. High oocyte survival rate is achieved with both methods, fertilization and embryo transfer rates 
are still considerably lower than when fresh oocytes are used. When comparing slow freezing to vitrification, 
higher oocyte survival rates are achieved by the latter. 

3. Sperm cryopreservation: The sperm cryopreservation must be systematically proposed to all men (even 
teenagers) undergoing a treatment for cancer potentially harmful for their fertility whatever their sperm quality 
may be. The testicular tissue cryopreservation is also a method to be discussed for adults, teenagers in case of 
failure of sperm banking or for prepubertal boys. The first attempts at cryopreservation of spermatozoa were 
performed during the 1940s. 

4. Ovarian tissue cryopreservation: The standard method for human ovarian cryopreservation is slow 
programmed freezing, using human serum albumin-containing medium, and propanediol, dimethyl sulfoxide 
(DMSO) or ethylene glycol as a cryoprotectant, combined with sucrose. Effects observed following vitrification 
of human oocytes included damage to the zona pellucida and oolemma, disorganization of organelles, spindle 
disruption and formation of micronuclei (Santanathan et al., 1987). 

Conclusion 

Vitrification is a cryopreservation technique that leads to a glass-like solidification. Oocyte, zygote, embryo and 
blastocyst freezing by vitrification method for cryopreservation have been used for many years beside sperms 
preservation. Moreover, the use of vitrification technology can be used for ovarian tissue cryopreservation to 
freeze eggs offers such an elderly woman who sometime find more difficulty in conceiving or in maintaining 
pregnancy. Furthermore, vitrification helps cancer patients who are looking to preserve their fertility later on 
after completing their treatment. 

Reference 
1. Santanathan, A. H., Trounson, A. And Freeman L., 1987, Morphology and fertilizability of frozen human oocytes. Gamete Res., 16: 343–54. 
2. Chian, R. C., Huang, J. Y., Gilbert, L., Son, W. Y., Holzer, H. And Cuis, J., 2008, Obstetric outcomes following vitrification of In vitro and In vivo 

matured oocytes. Fertility and sterility., 91(6): 2391-2398. 

  



 

 
Volume 3 - Issue 01 - January 2021       448 | P a g e  
 

Amazing Facts in Mango? 
Article ID: 10147 

Kripa Shankar1 
1Ph.D Scholar, Division of Fruit Science & Horticulture Technology, Indian Agricultural Research Institute, Pusa, 

New Delhi-110012 
 

Fact About World Costliest Mango 

Taiyo no Tamago (egg of the sun) is one such variety of mango, which is said to be the most expensive mango 
in the world. It is grown in the Miyazaki province of Japan and then sold throughout the country. A kilo of this 
mango costs more than 300,000 rupees. 

Egg of the Sun mangoes are actually a surprisingly common cultivar known as Irwin, which originated in Florida, 
United States, in 1949 as an open pollinated seedling of Lippens. Irwin grafted on Formosa seedling is cultivated 
in a plastic house to be free from winter injury. 

 

What is Apple Mango? 

Apple mango is a famous mango variety of Kenya, Africa, which has a hard skin like apple. It would have the 
sweetness, flavour, fragrance of kesar. It attains pink colour when ripe and less juicy as compared to Kesar 
variety. 

In Kenya, the apple mango grows up to 6 meters height and yields about 300 kg/plant. Actual flowering time is 
June and fruits are harvested in October. The major problem with this variety is especially susceptible to 
russeting. Russet in ‘Apple’ mango is due to periderm formation that is initiated at lenticels. Growing conditions 
conducive for surface wetness exacerbate russeting. 
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Introduction 

The plants are used as traditional medicines against viral diseases have been practiced worldwide. Personalized 
medicine is most promising approach to individual treatments. 70–80% people in worldwide depend on 
medicinal plants as personalized medicine to cure various human diseases. Medicinal plants have important 
source of various bioactive compounds  in  the leaves, roots, bark and flowers. Although medicinal plants have 
been widely regarded as a constant source of safe and effective medicines with potential to yield newer drugs 
(Ernst M, Saslis-Lagoudakis et al.2006). Different bioactive compounds like monoterpenoids, flavonoids,     
triterpenoids, iridoid glycosides, sesquiterpenes, benzoic and phenolic compounds were isolated from plants. 
These compounds provide strong antiviral potential and plays role in rural livelihood for food and medicine. 
Most widely used plant families are Lamiaceae (five plants) contain monoterpenoids, flavonoids and 
triterpenoids, Asteraceae (four plants) contain flavonoids, sesquiterpene, lactones and Leguminosae (six plants) 
for bronchitis treatments. 

Immune System of Body 

Immune system keeps a record of every germ (microbe), it has ever defeated so it can recognize and destroy 
the microbe quickly if it enters the body again. If the foreign microbes are not inflammatorily and 
immunologically eliminated then "Disease" can arise. 

Humans have three types of immunity i.e., innate, adaptive, and passive immunity.  In the innate immunity, 
everyone is born with innate (or natural) immunity, a type of general protection. Adaptive (or active) immunity 
develops throughout our lives and it is developed, when we are exposed to diseases or whenever we are 
immunized against them with vaccines. Firstly, the antibodies neutralize the virus; it is no longer infecting host 
cell. Secondly, many antibodies work together, causing virus particles to stick together produce agglutination. 
Thirdly, antibodies eradicate viruses by phagocytes called phagocytosis (cell engulfs and destroys virus).In case 
of  T cells immunity, when antigen entered into the cells, bone marrow secrets stem cells that produce T cells 
which are differentiated to cyto toxic T cells that fights against antigens(microbes).  

In COVID infections, virus binds to the cells by S protein in  the host. After binding, a conformation change in 
the S protein promotes viral envelope fusion with host cell membrane. Then virus releases RNA into the host 
cell and its genome RNA is translated into viral proteins by viral polymerases and proteinases. Viral proteins and 
genome RNA are subsequently assembled into virions in the ER and Golgi bodies and they transported via 
vesicles and released as multiple copies from the cell. 

Medicinal Plants as Vaccine for Immunity 

A variety of herbal preparations have shown potentials for inhibiting viruses causing serious infections among 
humans such as measles viruses(olila et al.2002; Sindambiwe et al.1999), human rotaviruses (HRV) (Husson et 
al. 1994;Takahashi et al. 2001), respiratory syncytial virus (RSV), human rhinoviruses (Glatthaar saalmuilter et 
al, 2001), coxsackie group of viruses(Evstropov et al,2004; Su et al. 2006), neurotropic Sindbis virus (NSV) 
(Paredes et al.2001) and various strains of poliovirus (Melo et al. 2006). To prove antiviral effect of any herbal 
preparation it is essential to molecularly dissect its effects. Very few studies have addressed this important 
aspect relevant to the therapeutic development of phytochemicals. One such example is the molecular study of 
the hot water extracts of Stevia rebaudiana L. which blocked entry of various infectious serotypes of HRV into 
the permissive cells by an anionic polysaccharide having a molecular weight of 9800 with uronic acid as a major 
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sugar constituent. Similarly, an alkaloid extract of Haemanthus albiflos bulbs inhibited RNA synthesis of HRV 
propagated in MA-104 cells (Takahashi et al. 2001). 

              Onion and garlic are natural sources known to possess antiviral properties. It is well known that 
onion and garlic are rich source of organosulfur compounds. In vitro research also indicated antiviral effect 
of garlic against parainfluenza virus type 3 and human rhinovirus type 2 (Wang et al., 2006). Betal leaves  has 
vitamin C, thiamine, niacin, riboflavin, carotene, calcium and helps in treating issues related to cough and cold.  
It is an excellent cure for those suffering from chest, lung congestion and asthma.  Betal leaves can be 
applied using mustard oil on the leaf, warm it and place it on the chest to cure congestion. The decoction of 
berries and flowers of Solanum trilobatum is folk remedy for cough and chronic bronchitis. The leaves are given 
to increase fertility in males. In Siddha, medicated ghee of Betal leaves  is a medicine for tuberculosis and 
lung congestion. The leaves and fruits of the plant contains many phytochemicals  such as 
steroids, alkaloid and solasodine, etc. due to which plant exhibits antimitotic, anti-tumor, antibacterial and 
antifungal activities. Widelia chinensis contain triterpene glycosides, tannins and leaves used prevent early 
stages of viral attachment and penetration. J. multifidia has triterpenes, monoterpene, sesquiterpenes and 
used for treatment of viral infection, inflammatory conditions. Terminalia arjuna b a r k  contains high level of 
namely arjunolone, flavones, luteolin, quercetin, kempferol, and pelargonidin, effects on cardiovascular 
diseases. The bark also contains large amount minerals and magnesium, calcium, zinc and copper. 
Withania somnifera activate natural killer cells which are immune cells that fight microbial infections.  This 
plant was used as anti-inflammatory ingredient of liver tonic, rejuvenating treat insomnia and it is a quite 
promising a multi-purpose medicinal agent. 

Herbal Remedies 

Natural products from medicinal plants have proved to be effective against a wide variety of viral diseases by 
inhibiting the replication cycle of various DNA and RNA viruses (Jassim S, Naji M,2003). Polyphenols such as 
flavonoids are natural substances, which promote immunity to foreign pathogens via various pathways. 
Different immune cells have multiple types of polyphone receptors that recognize 
and activate signalling pathways to initiate immunity. Diet rich in polyphenols may modulate immune 
responses such as DNA methylation, histone modification and posttranscriptional repression that alter 
the expression of genes encoding key immune factors. Organosulfur compounds like allicin, diallyl trisulfide 
and ajoene are main chemicals which give antiviral property to garlic (Kim et al. 2005). It is known that 
allicin can pass through phospholipid membrane of cell and inhibiting viral multiplication. Polyphenols, 
curcumin and epigallocatechin gallate can induce immune responses, allergic diseases, and antitumour 
immunity and may be safe alternative for phyto medicine to number of diseases. 

Organosulfur compounds like quercetin and allicin are associated with inhibition of viral infection that 
block virus attachment to host cell, alter transcription and translation of viral genome in host cell and also affect 
viral assembly. Quercetin can affect entry and attachment of Enterovirus and Influenza virus on host cell.  It 
inhibits RNA polymerase which is needed to viral replication. Quercetin also inhibit signalling pathway 
by which virus alter host cell. 

Piper longum contains glycosides, eugenols, alkaloids, terpenoids and active constituent like piperine, 
piperlatine. It is  playing a significant role in reducing the blood sugar levels of the body and hike production of 
insulin from the β-pancreatic cells. It helps to reduce the breakdown of starch into glucose which in turn leads 
to low blood glucose level. Terminalia chebula: Fruits of Terminalia chebula tree called King of Medicines” a 
miraculous herb that has strong anti-bacterial, anti-viral and antifungal properties that are not only 
used for removing bacteria and germs from the body but also treats wounds and improves healing. 
The bioactive compounds, triterpenoid is used since in ancient times to treat various skin issues 
like sores, ulcers, skin fungus, etc. Adhatoda vasica has vasicine (quinazoline alkaloid),vasicine acetate, 
vasicinone,vasicinolone,2-acetyle benzyle, that treat tuberculosis along with anti-tubercular medicines, asthma 
(wheezing, breathing trouble and chest congestion), upper respiratory infections with a fever and productive 

https://www.netmeds.com/health-library/post/amazing-ways-vitamin-c-benefits-your-health/?source_attribution=Blog&utm_source=Blog-Post&utm_medium=Post&utm_campaign=NMSBlogPost
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cough. Cheilocostus speciosus contain vitamin C, vitamin A, flavanoids, phenols, glycosides, saponins, alkaloids, 
micro minerals like Zn, Cu, Mn, Se and Fe are responsible for antiviral effect. A clever usage of plants is the 
production of vaccines and protein-based therapeutics. Several scientific reports suggest that plant could offer 
a good source for the production of pharmaceutical grade peptides/proteins (Glenz K., Warzecha H,2006). 

Conclusion 

There is a growing global trend toward the presence of potentially useful bio-active compounds in plants, and 
as used against synthetic compounds as antibiotics and antiviral. . While considering plants for treating human 
viral diseases, majority of viral vaccines are constituted of attenuated or inactivated viral particles. Due to these 
limitations efforts, research have been directed toward expressing coat proteins of different viruses which are 
presumed to assemble as virus-like-particles (VLP) in plants and are antigenic in nature. 
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Abstract 

By reducing the amount of water required for crop production through integrating breeding / genetic 
engineering and agronomic approaches along with resource management; water productivity can be increased 
at field and basin level is a key strategy for achieving food security and water sustainability in a world with 
growing demands for the both. Also, greater awareness of these options among growers and policymakers can 
encourage more cost-effective water management strategies that can free up water for other uses. However, 
appropriate management strategies to increase crop water productivity will vary regionally. 

Introduction 

Water productivity (WP) is the ratio of the net benefits from crop, forestry, fishery, livestock and mixed 
agricultural systems to the amount of water used to produce those benefits. In broader sense, the main 
objective is getting more benefits in terms of food production, income, livelihood and ecology at less social and 
environmental cost per unit of water consumed. WP can also define in following ways: 

Physical water productivity (Kg/ m3): Ratio of agricultural output to the amount of water consumed from all 
available sources including irrigation, rainfall etc.  

Irrigation water productivity (Kg/ m3): Ratio of the crop output to the irrigation water applied by the farmer/ 
irrigation system either through surface canals, tank, pond or the well and tubewell during the crop growth. 

Economic water productivity (kg/ m3): Ratio of value of crop output to the amount of water consumed or to 
the amount of irrigation water applied by the farmer.  

So, depending upon the professional interest and expected outcome, WP is expressed differently in its concept 
and measurement. 

Factors Affecting Water Productivity 

 
Fig 1 : Factors affecting water productivity 
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For estimating WP, one should have knowledge about the factors that are influencing it. Besides the quantity 
of water applied or depleted, WP also depends on many factors such as cropping pattern, irrigation technology, 
field water management, land configuration and infrastructure for storage of water, climatic pattern, virtual 
water footprint and economy and policies etc. Also, a general misperception is that irrigation is wasteful due to 
incompetent practices. So, by saving, water released from irrigated agriculture it can be made available to other, 
higher value uses in cities, industries, ecosystems or more agriculture. When all water users are taken into 
account and the concept of recycling and reuse of water is considered collectively in a system of agricultural 
production, then output per unit total water use is known as agricultural water productivity. Since it considers 
multiple use of water, its value represents higher value than crop water productivity. 

Enhancing WP at Field Level 
At field level by adopting improved practices by changing crop management, soil management and water 
management one can enhance WP. These are given here: 
1. Selection of crop and cultivars as per the availability of resources. Crop like pearl millet having crop duration 
of about 60 days perform better under water scarce condition.  

2. Planting methods (Raised bed, broad bed and furrow) - Growing maize, vegetables and other less water 
requiring crops in raised bed and rice furrow bed where excess water is collected can be an effective planting 
method under low land area and increasing crop production per unit area and WP. Broad bed and furrow (105 
cm width and 45 cm depth) are most suitable under black soil along with dry sowing of crops.  

3. Minimum/conservation tillage with residue retention which will act as mulch material for reducing 
evaporation of stored soil moisture. Also avoid residue burning.  

4. Irrigation at critical stage of crop growth- Irrigation should be applied at most sensitive stage of crop growth 
to maximize productivity resulting in higher WP. 

 
Fig 2: Enhancing WP at field level 

5. Nutrient management: Management of plant nutrient is one of the key strategies to increase the productive 
transpiration and improve WP of crop plants under limited water supply condition. Nitrogen deficit reduces 
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yield per unit ET by reducing biomass per unit transpiration. N fertilization increase soil water use and decrease 
unproductive loss of water. Similarly, P fertilization has positive impact on WP under moisture stress condition.  

6. Micro-irrigation (drip, sprinkler): These have conveyance efficiency of 100%, application efficiency 70-90% 
than that of basin irrigation are 40-70% and 60- 70%, respectively. It has been reported that WP is improved in 
crops like wheat, maize, sorghum, sugarcane and cotton under sprinkler irrigation than that of basin irrigation 
system. Drip irrigation reduces irrigation requirement by 20-70% with boost in crop yield by about 20- 90%.  

7. Timely plant protection: This implies timely management of weed, insect pest and pathogen will boost crop 
production and the WP also. Weeds compete with crops for soil moisture, nutrient and light. It has also been 
observed that WP is higher in wheat with weed control than that of weedy check because of reduction in water 
loss by the weeds and more grain yield. 

Besides these, precise land levelling by use of laser land leveller about 20% of irrigation water can be saved 
under surface irrigation system. This helps in reducing evaporation and percolation losses by facilitating faster 
irrigation times and by eliminating the land depressions. One of the field level approach for increasing WP is 
practicing deficit irrigation. This deficit irrigation (DI) is an optimization strategy in which irrigation is applied 
during drought sensitive stages of crop growth. This aims at stabilizing yields and at obtaining maximum crop 
water productivity rather than maximum yield. Another form of DI is partial root drying (PRD) which increases 
WP by improving crop yield under limited water supply condition. Alternate furrow irrigation is also considered 
as PRD and it is found to be increasing WP in many crops. However, providing supplementary irrigation during 
prolonged dry spell can stabilize the yield and WP compared to irrigation at critical stage of crop growth. Less 
WP per unit water supply in case of rice results from standing water layer on the rice field. By recycling this 
water, rice WP can be compared with that of other dry cereals. Various water saving techniques like alternate 
wetting drying, direct seeded rice cultivation, SRI, saturated soil culture rather than flooding and aerobic rice 
system can help in enhancing WP in rice. 

Enhancing WP at Plant Level 
This plant level option can be mainly dealt by breeder by improvement of germplasm. These include improving 
seedling vigour, increasing of rooting depth, increasing harvest index and enhancing photosynthetic efficiency. 
By various breeding programmes significant improvement in yield stability can be achieved. The maximum crop 
growth period can be achieved as planting, flowering and maturation dates are crucial in matching the 
maximum crop growth with time when the saturation vapour pressure deficit is minimum. Development of 
varieties of short duration with deeper rooting system for dry areas (drought avoidance mechanism) is needed. 
Introduction of drought tolerance mechanism in cultivar has also proved to be an important strategy to 
increasing WP. There are several morphological and physiological traits that determine drought tolerance of 
plants such as resistance to wilting, short anthesis sliking (maize) interval, early flowering, waxy cuticle, dense 
pubescence, stay green characteristics, osmotic adjustment, cellular membrane stability and high harvest index. 
Photo-insensitive short to medium duration varieties of some crops like wheat, rice and maize also result in 
increasing WP by escaping late season drought during flowering and grain development stage. Genetic 
engineering integrated with breeding programmes can further contribute to development of variety which will 
ultimately contribute in enhancing WP. 

Enhancing WP at Basin Level / Agro Ecological Level 

At basin level, relative importance of various water management processes changes. Here, the effect of 
agriculture on other users of water, human health and environment becomes as important as production issues. 
Various options for improving WP at basin level are: 
1. Efficient land use planning such as watershed.  
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2. Efficient use of medium-term weather forecasting- Sowing, water management, fertilization and other 
agronomic practices based on forecasted weather and soil moisture will enhance crop yield and water 
productivity. 

3. Improved irrigation scheduling should be done by accounting the rainfall variability of that location to 
improve WP.  

4. Conjunctive use of water from various sources (rain/canal) including poor quality water along with ground 
water through pressurized irrigation system is effective in enhancing crop yield, profitability and WP. In upland 
areas of Odisha, efficient management of ground water helps in bringing crop diversification and increasing WP. 

Conclusion 

Among different Climate smart technologies (CSTs) viz., precision levelling of land, tensiometer based 
irrigations, soil matric potential based irrigation, permanent beds etc. lead to considerable saving in irrigation 
water quantities by cutting-off the drainage losses, which hinders soil profile recharging and thus, are not 
desirable in the water stressed areas of South Asia. But these might claim as energy saving ones which must be 
used to withdraw it from the deeper soil depths. These might be beneficial and recommended for the water-
logged areas of South-Asia, where drainage is not required at all. However, for the water stressed regions of 
South Asia, CSTs viz., short duration cultivars and correct transplanting time are the most effective ones as they 
recapture the water used, reduced the share of unproductive E and known as “Real Water Saving Technologies” 
which partition higher fraction of the ET water to the transpiration. Higher transpiration favour higher inflow of 
the nutrients in roots, which favour higher grains with lesser irrigations which finally improves the water 
Productivity in an Enormous Water Use Rice-Wheat System of South-Asia. Further, these CSTs are site and 
situation specific and their performance varied as per texturally divergent soils and under different agro-climatic 
conditions. Hence, one should be very careful in adopting and practicing them onto their fields. These CST are 
also useful for waterlogged regions. Therefore, it is crucial for introduction of CST for improving agricultural and 
water productivity in the era of climate change in an enormous water use RWCS. 
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Summary 

Pesticides have been widely used to control pests and its related diseases in various fields. Agricultural workers 
get maximum exposure of pesticides followed by general population through oral, dermal and respiratory 
routes. Due to its persistent nature in the environment, it may be harmful for the humans and others. So, we 
need to have a solution so that the impact of pesticides on humans and others will be minimized. 

Introduction 

Pesticides use is inevitable in modern agricultural sectors as these plays important role to improve the yield of 
crops and even maintenance of lawns and playgrounds to eliminate pests and rodents. Hence, there remains 
strong probability that every person at some level gets exposure to pesticides directly and indirectly (Damalas 
and Koutroubas., 2016). 

Direct exposures have been found to be more lethal and can occur when someone sits on the lawn or while 
playing on the ground recently sprayed with pesticides. Direct exposure is a major concern for farm workers 
who sprays pesticides often in the field. Moreover, the accidental spills of pesticides or leakages, incorrect uses 
of equipment and non-compliance with safety guidelines are also some of the leading causes of direct 
exposures. Whereas, indirect exposures occur via residues of pesticide present in the food chain. Pesticide 
resolve in drinking water, fruits and vegetables can be a common source of exposure for general population. 

Moreover, studies have shown that the metabolites formed from pesticides with passage of time also enter in 
the human body via several routes such as dermal or ingestion. The physiochemical properties like, 
temperature, humidity, weather conditions, personal hygiene (e.g., hand washing), and use of personal 
protective equipment are all factors associated with pesticide exposures. Probability of pesticide entry into the 
body depends upon the state of pesticide i.e., liquid, solid or aerosol. Aerosol and liquid can easily enter into 
the body through all routes. Mainly, exposure of pesticides occurs through multiple routes such as oral, dermal 
and respiratory. 

Oral Exposure 

Oral exposure occurs accidentally or intentionally through the mouth by swallowing. There are many cases of 
pesticide exposure from drinking water stored in pesticide contaminated vessel while transferring into an 
unlabelled bottle or food container. For this, children are the highly susceptible because of their hand to mouth 
habit and they are habitual of putting anything in the mouth. 

Similarly, workers handling pesticides or equipment get exposure to pesticides when they do not wash their 
hands properly before eating or smoking. Research had shown that there is a huge list of vegetables and fruit 
contaminated with pesticides, at the time of packaging or storage. 

Such a food when ingested or eaten is absorbed by the gastrointestinal tract in the small intestine which is 
considered as the major absorption site. From here it is distributed throughout the whole body by the blood 
stream. If the number of such exposure from contaminated food increases, it may result in serious illness or 
even death. 
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Dermal Exposure 

Exposure through skin or eyes is one of the most common pathways for pesticide to enter into the body. The 
exposure continues as long as the pesticide remains intact with body. The rate of dermal absorption varies 
according to the body part, for example, some body parts including head (specially scalp and ear) and genital 
areas are more prone to pesticides absorption as compared to rest of the body. Eyes are the most sensitive part 
for pesticides absorption and pesticide exposure to eye results in injury, blindness and sometime even death. 
Direct dermal exposure of chemical can occur while mixing, loading or applying pesticides specially during 
harvesting or weeding, whereas indirect dermal exposure can occur when a nonuser comes in contact with any 
surface that had been sprayed with pesticides such as clothing, carpets, floors on which pesticides have settled 
with dust. Any skin injury on the body enhances the level of absorption as minute particle of pesticide remaining 
on skin for long can penetrate into the body. 

Respiratory Exposure 

Occupational or residential exposure can occur by inhalation of vapours or aerosols of spray solution of 
pesticides. Respiratory exposures are frequent while spraying pesticide products with no respiratory protective 
equipment (e.g., masks with filter). The respiratory exposure of pesticide is a big threat for nose, throat and 
lungs if inhaled in sufficient amount. It is particularly hazardous because pesticides particle inhaled by the lungs 
rapidly absorbed into the bloodstream. We have earlier reported lung damage following long term oral dietary 
exposures to fipronil (Merkowsky et al.,2016, Pandit et al.,2019), lindane (Tewari et al.,2017), ethion (Verma et 
al.,2020), imidacloprid (Pandit et al.,2016), Indoxacarb(Kaur et al.,2016), chloropyrifos and cypermethrin 
(Shaikh and Sethi, 2020). Further, low volume equipment increases the potential for respiratory exposure as it 
produces small droplets which can easily enter the bloodstream to cause lung damage. Hence, we can decrease 
the risk by using diluted chemical with some conventional spraying tool which produces large droplets. 

How to Keep Yourself Safe from Exposure of Pesticides? 

To accomplish or attain the target of minimum exposure of pesticide, it is required to follow some safety rules 
and some other measure. As farmers are on the top of pesticide exposure risk, so it is necessary for them to 
take some precaution before or during working with the chemical. Farmers can adapt some alternative method 
of crop protection to reduce the use of pesticide like biological control or natural predators, traps, manual 
removal of weeds or use of natural pesticides like neem oil spray, beer, garlic, pepper spray, herbal water spray, 
pyrethrum spray(made from dried chrysanthemum flowers), nicotine and many others. Farmers should strictly 
use personal protective equipment (PPE) such as common protective clothing including garments of both 
barrier and non-barrier fabrics to protect dermal exposure. PPE also protects farmers from dust or liquid particle 
on which pesticides settle especially in summer. Farmers should avoid to roll up their sleeves during hot 
temperature while working with pesticides which make them susceptible to pesticides. Furthermore, 
respirators and gas masks can also provide protection from respiratory exposure. Moreover, protective goggles 
should be used when there are any chances of pesticides to affect eye. 

Indirect exposure can be avoided by following safety measures: 
1. Try to buy seasonal or organic fruits and vegetables and wash them   properly before consuming to remove 
chemical if present on the surface of food.  
2. Always store pesticides in their original labelled container.  
3. If possible, grow eatables by your own by using organic methods.  
4. Try to use less chemical in your home garden to protect yourself and your family from any exposure. 

Conclusion 

As pesticide is a modern tool of agriculture so it is somewhere impossible to remove completely from the 
environment. Hence, it is required to use some alternative method or follow necessary safety precaution to 
avoid exposure to pesticides. 
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Introduction 

Soil organism are classified broadly soil flora and soil fauna. These again may be subdivided into micro and 
macro. Micro flora again is classified into Bacteria, actinomycetes, fungi and Algae. 

 

Bacteria 

They are single celled. The cells may be rod shaped or spherical. The rods may be about 1 µm wide and up to 3 
µm long and about 2 µm in diameter. Bacteria are the most abundant group of microorganisms in the soil. Their 
population in the soil is not uniform. 
1. The bacterial population may be 108 - 109/gram.   
2. The biomass may vary from 450-4500 kg/ha. 

Classification of Bacteria 

Based on O2 requirement they are classified as aerobic and anaerobic. Based on temperature they are classified 
as facultative, psychrophiles, mesophiles and theromophile. Based on their food preparation they are classified 
as autotroph, heterotroph and chemoautotroph.  
1. Obligate chemoautotrophs: Prefer specific substrates. 
2. Nitrobacter: Nitrite as substrate. 
3. Nitrosomonas: Ammonia as substrate. 
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4. Thiobacillus: Converts sulphur compounds to SO4. 
5. Ferrobacillus: Converts ferrous to ferric. 

Based on symbiotic relationship they are classified as: 
1. Symbiotic N fixers. 
2. Non symbiotic N fixers. 

Role of Bacteria 

1. Bacteria carryout the decomposition of organic matter and synthesis of humus 
2. Enzymatic transformations are carried out by bacteria 
3. Bacteria oxidize or reduce many chemical reactions such as N fixation, sulphur oxidation nitrification etc. 

Actinomycetes 

1. Unicellular like bacteria.  Have same size as bacteria. 
2. Filamentous and profusely branched.   
3. Mycelial threads are smaller than those of fungi.  
4. No nuclear membrane as in bacteria.  
5. Also called as filamentous.   
6. Sensitive to acid soils.   
7. Potato scab disease due to actinomycetes can be controlled by lowering the soil pH by applying sulphur.  
8. Heterotrophic optimum temperature 25-30 OC, pH 6.5 – 8.0. 

Fungi 
Soil fungi may be parasitic or saprophytic. They possess filamentous mycelium composed of individual hyphae 
which are 5-20 µm in diameter and several centimetres in length. Most fungi are heterotrophic and hence they 
depend on the organic matter content of the soil. They are dominant in acid soils some can tolerate a pH upto 
9.0. Fungi are strictly aerobic. Fungi are classified into phycomycetes, Ascomycetes, Basidiomycetes and fungi 
imperfecti.  

Fungi may also be classified as Moulds, Yeast and Mushrooms.  
1. Moulds: Moulds are filamentous microscopic. Moulds develop vigorously in all types of soils (In acid forest 
soils) 
2. The common genera are mucor, Fusarium and Aspergillus. Their average population - 10-200 billion / m2. In 
humus formation and aggregate stabilization moulds are more important than bacteria. They continue to 
decompose complex organic substances after bacteria and actinomycetes have stopped function. 

Yeast 

Yeast is a group of fungi which exist as a unicellular organism. They reproduce by fission or budding. It is used 
as a food supplement and also for the production of alcoholic beverages. Yeast is not common in soils and they 
produce several plant diseases. 

Mushroom 

Mushrooms are present in forests and grasslands where there are ample moisture and organic residues.  Some 
mushrooms are edible. Mushrooms are also not common in cultivated soils. 

Algae 

1. Algae are filamentous 1-10µm in diameter.  Population in soil around 1-10 billion / m2.   
2. Their mass in soil may be 50-600 kg/ha of furrow slice.  
3. Algae are photo autotrophs. They are divided into 4 general groups.  Blue green, Green, yellow green and 
diatoms.  
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4. Blue green algae are numerous in rice soils and grow within the leaves of aquatic Fern.  
5. Azolla can also fix atmospheric N. 

Injurious Effects of Soil Organisms on Higher Plants 

1. Fungi are responsible for most soil borne diseases wilt; damping off, root rots and club root of cabbage are 
caused by fungi. 
2. Actinomycetes and bacteria also cause several diseases.  
3. Some bacteria are involved in the denitrification of NO3 to elemental N which is a loss. 
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Introduction 

Biological control using predaceous arthropods particularly predaceous reduviids in crops is receiving much 
attention. Reduviid bug, commonly called as 'assassin bug' or 'kissing bug' belongs to the family Reduviidae of 
the suborder Heteroptera under the order Hemiptera. The members of the family are mostly carnivorous and 
predaceous in habit preying upon other invertebrates. Adults are either nocturnal or diurnal. They are voracious 
predators (hence the name, “assassin bugs”) and most of them are generalist predators. Because they are 
polyphagous, they may not be useful as predators on specific insect pests but are valuable predators in 
situations where a variety of insect pests occur. It is also a potential predator on lepidopteran pests in various 
agro-ecosystems viz. rice, sugarcane, cotton, soybean, pigeonpea, castor, tobacco, okra, pumpkin, brinjal, 
citrus, etc. (Sahayraj, 2002). 

Habit and Habitat 

The reduviids are abundant and occur worldwide. This species can be located on vegetation particularly on the 
foliage. They also occupy some other microhabitat such as underneath bark, in litters, under boulders. 

Life Cycle 

Eggs are laid in a cluster with an incubation period of 11-15 days. The nymphs molt five times in about 10 weeks 
with a total nymphal development period of 70-77 days. Assassin bugs are hemimetabolous and do not undergo 
metamorphosis. Instead, the egg hatches into a miniature version of the adult form, and at each growth stage, 
the nymphs become more and more like the adults. 

 
Fig 1 Rhynocoris marginatus predating on Corcyra cephalonica larvae 
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Diagnosis 

The bugs are large to moderate in size, 19.5 mm to 20 mm; body base of the antennae and the lateral margins 
of abdomen blood reddish in colour; membrane, scutellum, abdomen ventrally; anterior lobe of pronotum 
sculptured; corium and posterior lobe minutely wrinkled; head as long as pronotum; anterior and posterior area 
are equal in length. 

Conservation and Augmentation 

Reduviids have to be conserved and augmented to be used effectively as biocontrol agents in IPM of various 
pest species on various crops. Hence, mass rearing of reduviid predators for augmentative release is imperative. 
However, it possesses numerous challenges, such as the cost of maintaining insect prey cultures and the risk of 
prey shortages due to disease or facility mismanagement. The artificial diets have not been successfully 
substituted for prey insects of reduviid predators. The artificial diets for predatory reduviids are often difficult 
to develop because of the constraints of including chemical cues that encourage feeding and the necessary 
ingredients for sustained growth. Cannibalism is another important impediment to the mass rearing of 
generalist predators, like reduviid. Mortality due to cannibalism is further aggravated by crowded rearing 
conditions. Reduction in fecundity, longevity, and prey searching ability are other obstacles in mass rearing due 
to inbreeding (Ambrose, 2010). George et al. (2007). Hence, the nymphs have to be reared individually, which 
makes the mass rearing costly as well as impractical (Ambrose, 2010). The reduviid predators strike at moving 
prey and therefore they are provided with live prey to facilitate predation (Ambrose, 2010). The factors that 
influence the biology of reduviids should be taken into consideration while mass rearing them. 

Conclusion 

Reduviids have the potential to feed on various lepidopterous larvae in the field. The male and female R. 
marginatus consume 1:7 and 1:9 prey/predator, respectively at two prey densities. Hence it can be utilized as 
a promising bioagent for the management of different economically important lepidopteran insect-pests in all 
the crops which will ultimately help in residue-free sustainable crop production. 
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Realizing importance of irrigation as a key input of increasing and sustaining agricultural production 
considerable expenditure is being made on minor or irrigation projects. Despite best efforts put in ,the adverse 
effects of irrigation in the form of water logging and secondary salinization have been observed in many  
irrigation command areas .Rises of 0.3 to 1.0 m/year in water table have been observed in most of the irrigation 
command areas in India .as a consequence 2.46 million ha of productive land has become waterlogged in 
different states of India. 

To prevent the rise of water table, above a critical level so as to avoid salinization of the root zone, and thus 
reduce the salinity hazards, attempts are usually made to lower it by installing drainage system. A conventional 
sub-surface drainage system aims at lowering water table and salt load by pumping out saline drain water. It is 
costly, cannot be adopted by individual farmers, require energy to operate and mostly has the problem of 
disposal of salty drainage effluent 

An alternative to this engineering solution can be bio-drainage ,which is defined as the process of removing the 
excess soil moisture through the transpiration by the use of bio-energy of the plant ,so as to avoid rise in water 
table and subsequent accumulation of the salts on the surface and thus development of secondary Salinization 
.it is practical management option to prevent the development of water logged and saline soils especially in the 
land locked areas where there is no possibility of disposing saline drainage effluent .For the past fifteen years 
trees are being used to bio drain excess of urban effluent (sewage water) and utilize their nutrient and irrigation 
potential for biomass production (Chhabra,1985,1987,1988,1990 and 1991) at CSSRI Karnal and at many other 
places in India. 

Bio drainage describes the capacity of trees to control the rise in water table and thus prevent the formation of 
waterlogged soils and development of secondary salinization in canal irrigated areas .It was conducted in big 
RCC lysimeters (1.2m dia. And 2.5 m deep) filled with sandy loam alluvial soils  (Type ustochrept), with provision 
to maintain water table depth at 1,1.5 and 2 m from the surface and having ground water salinity of 0.4, 3, 6, 9 
and 12 ds m-1,respectively. The amount of water bio drained by eucalyptus (Eucalyptus tereiticornis) and 
Bamboo (Bambusa  arundinaceous ) at a given water table depth and its salinity was monitored for four years, 
every day  by replenishing the depleted water from the reservoir connected for maintaining the water table 
.The trees continued to absorb and transpire water  throughout the year, the capacity being more in summer 
and rainy than in  the winter  season .the eucalyptus plant could bio drain 2889,5499,5518 and 5148 mm of 
water in the first, second, third and fourth year of study period, from the control (non-saline  groundwater ) at 
a water table depth  of 1.5 m. The amount of water bio drained was more at 1.5m as compared to 1 and 2m 
water table depths, respectively. Bio drainage capacity of trees was significantly affected by the salinity of the 
ground water, but even at salinity of 12 ds m-1 the eucalyptus plant had the efficiency of 53% as compared to 
that under non-saline conditions. The bio drainage could control rise in water table up to 1.17,2.09,2.26 and 
2.19 m in first, second, third and fourth years, respectively. Due to this secondary salinity development in the 
root zone, up to 45 cm did not exceed 4 ds m-1 even at water table depth of 1 m having salinity of12 ds m-1. 
The volume of water bio drained by  bamboo increased with times and could control  water table up to 
0.65,1.12,1.52 and 1.75m in first, second, third and fourth year of growth, respectively. 
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Even the small amounts of salts reaching the surface get washed down during the rainy season making the 
upper soil layer free of salts, Ec<2 ds m-1. The salinity fluctuations in effective root zone were as a result of 
upward salt movement from the groundwater caused by capillary rise and its subsequent downward flushing 
during rainy season. Under field conditions the depletion of water from  effective root zone as a result of bio 
drainage  by the trees will result in lowering of water table but increase in water and get equilibrated in the 
aquifer  Hence, the actual control under the field conditions  

Will depend upon the soil texture (as it affects leaching of the salts  and the hydraulic conductivity ),rainfall, 
irrigation practices ,climatic conditions and the growth rate of trees. Under situations like that of Haryana  and 
Rajasthan where there are light textured and the salts are transported due to horizontal movement of the 
groundwater, trees by reducing the movement and the quantum of water will check the movement of the salts 
as well as rise in water table. 

Trees only help in removing the drainable surplus water by sucking  it through the roots and transpiring from 
the leaves. By doing so, these high-water transpiring trees help in lowering the water table and the counteract 
the harm done by excessive irrigation or seepage of the water through the canals. These trees do not bio harvest 
the salts as such and thus do not remove the salts from the soil. But by controlling the rise in water table and 
by decreasing the capillary fringe ,help in preventing the accumulation of salts in the surface layers just below 
the plantations and in the effective root zone  of the annual crops in the adjoining areas. 

It is a practical management option to prevent the development of waterlogged and saline soils especially in 
the canal irrigated areas. it helps in removing the excess water while managing the salts with in the soil profile 
in such a way that it does not  cause salinity problems in the effective root zone of the  agricultural crops .In the 
land locked states ,it is the best way to lower water table and avoid the problems of disposal of drainage effluent  
which otherwise is going to cause problems of increased salinity of natural drains and fresh canal water sources. 
The bio drainage technique in addition to improving the environment and providing fuel-wood to the farmers 
is economical, effective and does not require extra energy for controlling the water table. This can be effectively 
used to control water logging due to seepage from the canals, water logging and salinity development in the 
lower areas from the irrigated areas at the high elevation and also to reduce the volume of the drainage effluent 
in the drained areas. 
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Meaning of Rural Development 

Rural development is the process of improving the quality of life and financial well-being of people living in rural 
areas, often relatively sparsely and isolated populated areas. Rural development in mostly is used to denote the 
actions and initiatives taken to improve the standard of living in non-urban neighbourhoods, countryside and 
remote villages. These communities can be exemplified with a low ratio of inhabitants to open space. 
Agricultural activities may be important in this case whereas economic activities would relate to the primary 
sector, production of foodstuffs and raw materials. Rural development actions mainly aim at the social and 
economic development of the areas. These programs are usually top-down from the local or regional 
authorities, NGOs, regional development agencies, national governments or international development 
organizations. But then, local populations can also bring about endogenous initiatives for development. The 
term is not limited to the issues for developing countries. In certainty many of the developed countries have 
very active rural development programs. The major aim of the rural government policy is to develop the 
undeveloped villages. To develop a country not only industrialization is sufficient but also every common man 
has to survive. 

Definition of Rural Development 

1. According to World Bank “Rural development is a strategy designed to improve the social and economic life 
of a specific group of people by extending the benefits of development to the poorest among those who seek 
livelihood in the rural areas". 

2. According to Finance Ministry “Rural development is integrated and systematic use of national resources 
enabling every person to engage himself in production and social useful occupation and earn income that will 
meet at least the basic needs”. 

3. According to National Commission on Agriculture “Rural development means development of an area and 
the people through optimum development and utilization of local resources by bringing about necessary 
institutions, structures and attitudinal changes and by delivering package of services to improve all fields of the 
rural poor. 

The term rural development is a sub-set of the large term ‘Development’. However, we define it, development 
is a universally cherished aim of individuals, families, communities and nations all over the world. Development 
is also ingrained natural in the sense that all forms of life on earth have an inherent urge to survive and develop. 
Given these two attributes viz., its universal supremacy as a goal and its natural occurrence, development 
deserves a scientific study and analysis. Hence, it is not surprising that the subject of development has been 
studied by scholars of all faiths, disciplines and ideologies. 

Importance of Rural Development 

Rural development is foremost not only for the majority of the population residing in a rural area but the growth 
of rural activities is necessary to stimulate the speed of overall economic expansion of the nation. Rural 
development is pretended to be noticeable foremost in the country today than in the olden days in the process 
of the evolution of the nation. It is a strategy trying to obtain improved rural creation and productivity, higher 
socio-economic equality, stability in social and economic development. 
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The primary task is to decrease the famine roughly about 70 percent of the rural population, implement 
sufficient and healthy food. Later, serve fair equipment of clothing and footwear, house and clean environment, 
education, medical attention, recreational provision, communication and transport. 

Objectives of Rural Development 

The key objectives composed by the government in the sixth five-year plan for rural development are: 
1. To enhance productivity and the wages of rural people. 
2. To guarantee increased and quick employment possibilities. 
3. To pull down unemployment and a notable decline in underemployment. 
4. To guarantee to increase the standard of living of the needful population. 
5. To provide the basic needs – viz., elementary education, clean drinking water,  health care and rural roads 
etc. 

Connotation of Rural Development 

The term rural development indicates overall development of rural areas with a view to improve the quality of 
life of rural people. In this sense, it is a multidimensional and comprehensive concept and includes the 
development of allied and agriculture activities, cottage and village industries and socio-economic 
infrastructure, community services and facilities and above all the human resources in rural areas. As a 
phenomenon, rural development is the end-result of interactions between various physical, economic, socio-
cultural, technological and institutional factors. As a strategy, it is planned to improve the economic and social 
well-being of a specific group of people – the rural poor. As a discipline, it is multi-disciplinary in nature, 
representing an intersection of agricultural, behavioural, social, engineering and management sciences. 

Rural development is a strategy to empower a specific group of people, poor rural men and women, to gain for 
themselves and their children more of what they want and need. It involves helping the poorest among those 
who seek a livelihood in the rural areas to demand and control more of the benefits of rural development. The 
group includes small scale farmers, the landless and tenants. 

Thus, the term rural development may be used to imply any one of the above-mentioned indications. To avoid 
ineffective floundering among the myriad definitions, we shall define rural development as; ‘A process leading 
to sustainable improvement in the quality of life of rural people, especially the poor.’ 

Basic Elements of Rural Development 

Whatever the geographic location, culture and historical stage of development of a society, there are at least 
three basic elements which are considered to constitute the ‘true’ meaning of rural development: 

1. Basic necessities of life: People have certain basic needs, without which it would be impossible for them to 
survive. The basic necessities include food, cloths, shelter, basic literacy, primary health care and security of life 
and property. When any one or all of them are missing or in critically short supply, we may state that a condition 
of ‘absolute underdevelopment’ exists. Provision of the basic necessities of life to everybody is the primary 
responsibility of all economics, whether they are capitalist, socialist, or mixed. In this sense, we may claim that 
economic growth is a compulsory condition for improvement of the ‘quality of life’ of rural people, which is 
rural development. 

2. Self-respect: Every person and every nation seek some sort of self-respect, honour or dignity, Absence of 
self-respect indicates lack of development. 

3. Freedom: In this context, freedom refers to ideological or political freedom, economic freedom and freedom 
from social servitude. As long as a society is bound by the servitude of men to nature, other men, ignorance, 
institutions and dogmatic beliefs, it cannot claim to have achieved the goal of ‘development’. Servitude in any 
form reflects a state of underdevelopment. 
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Rural Development in India – The Concept 

Rural Development in India: Today, rural development still remains the key of the overall development of the 
country. It has become more than two-thirds of the country’s people is dependent on agriculture for their 
livelihood and one-third of rural India is still below the poverty line. Therefore, it is important for the 
Government of India to be productive and provide enough facility to upgrade their standard of living. Rural 
development is an absolute term that concentrates on the action taken for the development of rural areas 
improves the village economy. However, few areas that demand more attention and new initiatives. 

The development of rural areas in India is a multi-dimensional problem, which has been so far viewed by the 
academicians and policy makers mainly from the economic aspect only. In India rural development is not only 
an economic problem but also a more social problem.  

Michael P.; Today rural development is most suitable, in Indian Context, in following manner: 
1. Improvement in the living standard including employment, education, health nutrition, housing, 
Infrastructure Development (e.g., irrigation, electricity etc.) and a variety of social services. 

2. Decreasing in equality in distribution of rural incomes and in the rural urban imbalances in incomes and 
economic opportunities. To sustain the capacity of rural sector. It seems that in Indian Centex rural development 
is a more sociological problem rather than an economic problem. With the process of economic development 
and growing awareness, the social system in the country is becoming more complicated and unfavourable to 
economic conditions. The caste system continues to be a strong moral phenomenon of social structure in India, 
which doubtless is an ordering system in marriage, basis of communal participation, a social control agency and 
a political instrument affecting the rural development process negatively. So, the policies of rural development 
may so design to crack down the prevalent social structure in the country. 

Rural Development Policies and Strategies 

Rural development programmes and polices followed in India after independence reveal four strategies of 
development: 
1. Growth Oriented Strategy: This is based on the philosophy that rural people, like any other people, are 
rational decision makers. Who when given adequate opportunity and a proper environment, will try to 
maximize their incomes the role of the state in this strategy is to build infrastructure, and maintain a favourable 
climate to stimulate the growth of rural of rural enterprises? The critical assumption of this strategy is that the 
benefits of increased production will gradually ‘trickle down’ to the poor. The regulation and coordination of 
the activities of private and public agencies is primarily through market mechanisms. This paradigm formed the 
basis of the predominant agricultural development strategy of the 1960s, when programmes like the Intensive 
Agriculture District a programme (IADP), the Intensive Cattle Development Programme (CIDP), the High yielding 
Varieties Programme (HYVP), were launched. But this paradigm failed to make any dent on the basic problems 
of poverty, inequality and unemployment and had to be abandoned. 

2. Welfare Oriented Strategy: This seeks to promote the well-being of the rural population in general and the 
rural poor in particular, through large – scale social programmes like the Minimum Needs Programme, Applied 
Nutrition Programme, Mid-day Meals programme etc. the primary means used in this strategy are free 
provisions / distribution of goods, services and civic amenities in rural areas. The critical assumption of this 
strategy is that people are not competent to identify and resolve their problems, and that government 
specialists can identify their needs and meet them with the financial and administrative resource available with 
the government. The role of villagers that of passive receptors of services. This strategy has paternalistic 
orientation. The performance of the programme is judge by the orientated programmes present a mixed 
picture: the rural poor have benefited significantly through some programme in a few areas, but not in others. 
There are two major criticism of this strategy; (a) it has created dependence (b) it requires resources that are 
beyond the means of governments. 
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3. Responsive Strategy: This is aimed at helping rural people help themselves through their own organizations 
and other support systems. Its concern is with responding to the felt needs of the rural people, as defined by 
them. The role of the government is to facilitate the self-help efforts of villagers by providing technologies and 
resources that are not locally available. The critical assumption of this strategy is that the rural poor will identify 
and resolve their problems if provided with minimal support and otherwise left to their own devices and 
initiatives. Community participation in and control of, project activities is the primary performance indicator of 
this strategy. India’s Operation Flood, which was launched in 1970 in 18 milk sheds in 10 states, is a good 
example of this strategy. Operation Flood aimed at modernising and developing India’s dairy industry through 
a three –tire structure of Anand pattern dairy cooperatives. Many voluntary agencies are also following this 
paradigm of development. 

4. Integrated or Holistic Strategy: This combines all the positive features of the earlier three strategies, and is 
designed to simultaneously achieve the goals of growth, equity, welfare and community participation. This 
paradigm takes a very comprehensive but integrated view of the basic problems of poverty, unemployment and 
inequality, and seeks to address the physical, economic, social, technological, motivational, organizational and 
political bases of these problems. The multiple goals of this strategy are sought to be achieved by building the 
capacity of the community to involve itself in development in partnership with the government. The critical 
assumption underlying this approach is that the government can restructure societal power relationship, and 
centralized bureaucracies can learn to share power with community groups. Successful implementation for 
vertical and lateral integration, a combination of specialist and generalist skills, institutional leadership, social 
intervention capability and systems management of this strategy requires complex decentralized matrix 
structure, with permanent mechanism. 

Conclusion 

Today, rural development still remains the key of the overall development of the country. It has become more 
than two-thirds of the country’s people is dependent on agriculture for their livelihood and one-third of rural 
India is still below the poverty line. Therefore, it is important for the Government of India to be productive and 
provide enough facility to upgrade their standard of living. Rural development is a absolute term that 
concentrates on the action taken for the development of rural areas improves the village economy. However, 
few areas that demand more attention and new initiatives. 
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Abstract 

The paper provides information on vision, mission, services provided by Farmer’s Producer organisations (FPOs) 
in India. The study shows that importance of FPOs in Indian economy and how its help the small and marginal 
farmers in overcoming their problems and increase their income by reducing cost of production. FPOs are 
emerging among other legal forms of POs. They are prominent in few states, which have enabling environment, 
enterprising farmers and have a history of collective action. 
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Introduction 

Agriculture is the core of planned economic development in India as Indian planning is based on the dictum that 
the trickle-down effect of agriculture is significant in reducing poverty and regional inequality in the country. 
India has over 138 million farm holdings and of this, about 92.8 million were marginal farm holdings, having 
individual operational land holding of less than 1 ha. while another about 24.8 million were small farm holdings 
with individual operational land holding size less than 2 ha. Therefore, the marginal and small farm holdings 
together accounted for a whopping 85.0 percent of the total farm holdings in India in 2010-11 However, their 
share in the country’s total operated area was only 44.6 percent. On a national average, the size of operational 
land holding of each farm varied from 0.39 ha. In the case of the marginal farm holdings to 1.42 ha. for small 
farm holdings to 17.38 ha. in the case of the large farm holdings, which worked out to 1.15 ha. for all farm 
holding groups taken together. Such is the predominance of small farms in Indian agriculture. As per estimates, 
about 1.5 to 2.0 million new marginal and small farms are being added every year due to continued land 
fragmentation. The growing number of small farms and declining average size of operational holdings indicate 
the weakness in their access to critical production resources. some of the general issues that confront marginal-
small farmers as agriculturalists are: imperfect markets for inputs/product leading to smaller value realizations, 
absence of access to credit markets or imperfect credit markets leading to sub-optimal investment decisions or 
input applications; poor human resource base, smaller access to suitable extension services restricting suitable 
decisions regarding cultivation practices and technological knowhow; poorer access to public goods such as 
public irrigation, command area development, electricity grids, greater negative externalities from poor quality 
land and water management, etc. Collectivizing farmers, thus, into Producer Organizations (POs) has been 
considered as one of the ways to overcome these challenges faced by the small and marginal farmers. The 
approach is considered to be helpful in integrating the farmers directly, through their institutions (producer 
companies/ cooperatives), to market, for both, inputs and output, collective processing and marketing whereas 
production is largely left to the individual small farms. This interest is primarily based on the premise that FPOs 
give small farmers bargaining power in the market place, enable cost-effective delivery of extension services, 
and empower the members to influence the policies that affect their livelihoods. 

Concept of Farmer Producer Organisation 

A Producer Organization (PO) is a legal entity formed by primary producers like Farmers, milk producers, 
fishermen.  Can be a producer company, a cooperative society or any other legal form which provides for sharing 
of profits/benefits among the members. Producers’ organizations refer to independent, non-governmental, 
membership based rural organizations of part or fulltime self-employed smallholders and family farmers, 
pastoralists, artisanal fishers, landless people, women, small entrepreneurs and indigenous people. 
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Vision 

To enhance productivity through efficient, cost-effective and sustainable resource use, to build a prosperous 
and sustainable agriculture sector, to realize higher returns for produce. 

Mission 

To promote economically viable, democratic, and self-governing FPCs, to promote economically viable, 
democratic, and self-governing FPCs, to create a conducive environment for investments in FPCs, to remove 
hurdles in marketing access. 

Need of the FPO 

1. To provide benefits of economics to small & marginal farmers because they don’t have the volume of 
individually in terms of inputs and produce.  
2. To minimize the long chain of intermediaries between the producer and consumer to avail the maximum part 
of the value that the ultimate consumer actually pays. 
3. To strengthening bargaining power between buyers and sellers. 
4. To maintain the transparency in the process of agriculture marketing. 
5. To ensure better income for the producers through an organisational set-up of their own. 

Act for FPO Registration (Legal Provision) 

1. Section 25, Company of Indian Companies Act 1956, as amended as Section 8 in 2013. 
2. Producer Company under Section 581 (C) of Indian Companies act 1956, as amended in 2013. 

Key Features of Producer Organization 

1. It is formed by a group of producers for either farm or non-farm activities. 
2. It is a registered body and a legal entity.  
3. Producers are shareholders in the organization. 
4. It deals with business activities related to the primary produce/product.  
5. It works for the benefit of the member producers. 
6. A part of the profit is shared amongst the producers. 
7. Rest of the surplus is added to its owned funds for business expansion. 

Parameters and Optimum Size of FPO 

1. It is desirable for FPO to having their land under micro- watersheds. 
2. 4000 Hectare productive land required.  
3. FPO may cover 1 or 2gram panchayat for easy management. 
4. 700-1000 farmers are   desirable number that need to be covered by FPO. 
5. Management cost of FPO must be around 24 lakhs per annum. 
6. Total value of the produce of the farmers must be around 2.5 crore. 
7. It is desirable that market must be under 200 km radius. 

Important Activities of an FPO 

1. Procurement of inputs. 
2. Disseminating market information. 
3. Dissemination of technology and innovations. 
4. Facilitating finance for inputs. 
5. Aggregation and storage of produce. 
6. Primary processing like drying, cleaning and grading. 
7. Brand building, Packaging, Labelling and Standardization. 
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8. Quality control. 
9. Marketing to institutional buyers. 
10. Participation in commodity exchanges. 
11. Export. 

Source of Financing for FPO 

1. Own Resources: The reserve and surplus of previous year are the source of personal financing.  
2. Supplier’s credit and advance payment from buyers: Supplier’s credit can be obtained from credit companies 
and from potential buyers and sellers.  
3. Equity: It comes from members.  
4. Grant support: The schemes are implemented by SFAC & NABARD. Support provided on the equity base and 
setting up of a Credit Guaranteed Fund to provide cover to the bank which ready to give advance loan to the 
bank without any collateral security.  
5. Debt financing: It is a direct obligation to pay the interest on the money lent by the farmer. However, it is 
not easy to raise debt financing for a FPO without collateral & security. 

Services Provided by FPO 

1. Financial services: The FPO will provide loans for crops, purchase of tractors, pump sets, construction of 
wells, laying of pipelines. The FPO will provide various insurance like Crop Insurance, Electric Motors Insurance 
and Life Insurance.  

2. Input Supply Services: The FPO will provide low cost and quality inputs to member farmers. It will supply 
fertilizers, pesticides, seeds, sprayers, pump sets, accessories, pipelines. 

3. Procurement and Packaging Services: The FPO will procure agriculture produce from its member farmers; 
will do the storage, value addition and packaging. Marketing Services: The FPO will do the direct marketing after 
procurement of agricultural produce. This will enable members to save in terms of time, transaction costs, 
weighment losses, distress sales, price fluctuations, transportation, quality maintenance etc. 

4. Technical Services: FPO will promote best practices of farming, maintain marketing information system, 
diversifying and raising levels of knowledge and skills in agricultural production and post-harvest processing 
that adds value to products.  

5. Networking Services: Making channels of information (e.g., about product specifications, market prices) and 
other business services accessible to rural producers; facilitating linkages with financial institutions, building 
linkages of producers, processors, traders and consumers, facilitating linkages with government programs. 

Conclusion 

Sustainable organizations are must for overall development. Hence, extension strategies should involve public, 
private extension agencies, and NGOs to promote and operationalize FPOs. Government departments should 
play a supporting role in formation and management of FPOs. Extension functionaries should have skills of 
facilitation for FPOs that would help enhance profitability in agriculture by helping farmers get major share of 
consumer rupee. Therefore, FPOs need to be encouraged in agriculture sector to make agriculture remunerative 
and profitable which will attract and retain rural youth in agriculture and thus help ensure food security and 
help realize food and nutrition security too. 
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Introduction 

Iron is one of the most important essential nutrients for the normal growth and development of humans. Iron 
plays an important role in the various biological processes such as the synthesis of DNA, proteins, act as a 
cofactor for various enzymes, and production of neurotransmitters. It also has an immense role in boosting the 
immune system for protection against invading foreign antigens. Iron is an important component of oxygen-
binding molecules such as myoglobin and hemoglobin, and cytochromes that are involved in the electron 
transport chain in the inner mitochondrial membrane. In nature, iron is abundant and available in different 
forms. The major source of iron for the human body is obtained through diet. There are two types of iron 
present in the diet that is heme and non-heme form. Though non-heme iron is most commonly present in the 
daily diet, it is poorly absorbed (0-15%) compared to heme iron (25-30%). The free iron exists in either ferrous 
(Fe2+) or ferric (Fe3+) form and Fe2+ is the most radially absorbed ionic form. 

Heme Iron 

The heme iron is mainly obtained from the animal source of food such as meat. The hemoglobin and myoglobin 
are the major heme source for the body. The heme iron is easily absorbed by the body due to the presence of 
porphyrin rings in its structure. This ring helps in the absorption of the iron by preventing it from reacting with 
the other elements in the proximity. This porphyrin ring in the heme prevents the iron chelation from the anti- 
nutrition compound like phytate. Because of all these reasons, heme is a more easy and effective form of iron 
available for humans. 

Nonheme Iron 

The major source for non-heme iron is the vegetable diet that is green leafy vegetables, cereals, pulses, and 
fruits. The non-heme iron is not easily absorbed and must be dissolved before uptake. This free reactive iron 
form of non-heme absorption by the body is also hindered by the presence of reactive compounds in the 
proximity. The phytate in the diet chelates these free iron ions. 

Iron Related Diseases Associated with Human 

1. Cardiovascular disease: this is associated with the heme iron. 
2. Hemochromatosis protein HFE: is a hereditary disorder that causes the excessive accumulation of iron in 
several organelles.  
3. Melanotransferrin: these are expressed in the Amyloid plaques and associated with Alzheimer’s disease.  
4. The Friedreich's ataxia protein: the deficiency of the mitochondrial iron homeostasis maintaining protein 
frataxin leads to the progressive neurological disorder followed by death. 

Dietary Sources that Influence the Absorption of Non-Heme Iron 

Improves iron absorption Inhibits iron absorption 

Tomatoes Dietary fibre 

cauliflower Tea (tannins) 
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Kiwifruit Soy proteins 

Fish, poultry, and meat Whole grains (phytates) 

Tamarillos Beans and nuts (polyphenols) 

Orange grapes Berries (oxalate) 

Importance of Vitamin C in Absorbing the Non-Heme Iron 

The vitamin C supplementation in the diet along with the non-heme iron sources helps in absorption of the non-
heme iron. The Fe3+ is not readily absorbed hence it has to be reduced to Fe2 + before it can be absorbed by the 
body. Here comes the role of Ascorbic acid (Vitamin c) in enhances the absorption of non-heme iron. Ascorbic 
acid is a strong reducing agent that reduces the Fe3+ into the Fe2+ from thereby enhancing the absorption of 
non-heme iron by 2-3 folds. The higher the vitamin C in the diet higher will be the iron absorption rate. The 
richest source of Vitamin C is fruits. So, it is always suggested to take Vitamin C rich supplements like orange 
juice to maximize the iron uptake etc. The antioxidant such as polyphenols present in the daily beverages like 
coffee and tea inhibits the non-heme iron absorption. 

Conclusion 

It is always important to maintain a balanced nutritional diet for the normal growth and development of 
humans. Iron is an important mineral nutrient and its irreplaceable function in metabolism makes it essential 
for humans. Though the availability of iron in the diet is maximum,  its absorption is limited due to various 
factors such as its oxidation state and the presence of other antinutritional factors. The inclusion of vitamin C 
along with iron supplements in our diet enhances its uptake. 
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Summary 

Salinity has been an impending issue worldwide as it is one of the culprits in land degradation. The toll it has on 
people is humongous. This review paper throws light on how a salinity management institute has transformed 
the lives of millions of people reeling under the gravest problem. The technologies developed by ICAR-CSSRI 
has paved for societal transformation in a plethora of ways. There has been a positive change in the socio-
economic status of the people affected as well as human development index of the area affected. Nevertheless, 
the activity of the Central Soil Salinity Institute has been scaled up in different fronts to minimize salinity stress 
incorporating modern technologies through developing salinity tolerant crops especially rice, wheat, mustard 
etc, as well as gauging the capacity of other crops and halophytic grasses to combat salinity. When the world 
has united in the form Sustainable Development Goal to combat Land degradation (COP-14), it is inevitable to 
take cognizance of societal changes happening under the aegis of ICAR-CSSRI to combat land degradation in the 
form of Salinity. It is thus an imperative to assess the social transformation made possible through the Institute’s 
efforts. 

Introduction 

Land degradation is induced by various drivers, either by natural means or via anthropogenic activities due to 
the unsustainable practices adopted by a rapidly growing global population. Soil salinization is one of the major 
issues leading to land degradation, which becomes a severe environmental driver limiting the various valuable 
ecosystem services (Montanarella et al., 2018). Salinity is classified under Land Degradation and globally, salinity 
is a major threat in 120 countries. Ways to combat Salinity was meticulously discussed in COP-14, UN 
Convention to combat Desertification held in New Delhi, India during 2-13th September, 2019. Salt-affected 
soils are commonly distributed in arid and semiarid climatic zones and covered 1307 M ha at global scale (FAO, 
2008). It covers a total area of 953 Mha and culminates in reducing productive capacity of approximately 7-8% 
of the land surface of the world.  Sodic Soil has the largest share among Saline Soils and Australia has the largest 
share of sodic soil. Other chunk of Land Degradation conundrums are Saline seeps in dry land and secondary 
salinity in irrigated region. Irrigation commands are adversely affected in crop productivity due to this. Saline 
soils pose danger to the Sustainability of agriculture. Irrigated agriculture is a major human activity, which often 
leads to secondary salinization of land and water resources in arid and semi-arid conditions (Shrivastava and 
Kumar, 2015). Farmers developed the idea that yields potential of these ‘miraculous seeds’ can be further 
enhanced by the incremental additions of nutrients and water. As a consequence, over-irrigation and 
indiscriminate fertilizer use became a rule rather than exception—a practice which even continues today 
(Sharma et al., 2016). According to the estimates of Central Soil Salinity Research Institute (CSSRI) saline lands 
cover around 6.7 Mha in India (Sharma et al., 2016). Nevertheless, in these problematic terrains’ agriculture 
persists. So, it is inevitable to trace for the social transformation witnessed by the farmers of these areas. 

Social Transformation Embracing Sustainability 

It has become an imperative for nations to meet the Sustainable Development Goal 15(3) of 2030 Agenda to 
Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat 
desertification, and halt and reverse land degradation and halt biodiversity loss. The establishment of ICAR-
CSSRI marked a two-pronged strategy of agricultural development by the Indian Government. While on one 
hand technological changes and policy initiatives were initiated to boost the productivity of fertile yet low-
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yielding soils, on the other there was an increasing emphasis on tapping the potential of degraded, SAS (Sharma 
et al., 2016). As United Nations has declared the present decade (2011-2020) as the ‘Decade of Biodiversity’, 
the debate that agricultural intensification for augmenting food production should not come at the cost of 
biodiversity erosion has acquired a new dimension (Tscharntke et al., 2012). Over the years, the Institute has 
grown into an internationally recognized research institution of repute (Sharma et al., 2011). The wide adoption 
of technologies developed by the Institute- gypsum-based sodic soil reclamation, sub-surface drainage of 
waterlogged saline lands, salt tolerant varieties and improved agro forestry techniques to name a few are a 
shining testimony to its research credentials (Sharma et al., 2014). Probably, it is one of the largest group of 
scientists (currently 66 in position) in the world dedicated to solve the problems of salt affected soils in a country 
(Mandal et.al, 2018). Appropriate technological interventions ensure handsome returns from the ameliorated 
soils that will otherwise remain unutilized (Sharma et al., 2016) . ICAR-CSSRI’s intervention has led to positive 
socio-economic transformation of salt affected areas (Table 1, Figure 1). Through its persistent efforts about 
2.07 million hectares of sodic land has been reclaimed (Sharma et.al, 2016). The technologies have been 
squarely addressing the land degradation threats. Moreover, the Cop-14 has reiterated the need for 
strengthening efforts unleashed towards combating land degradation in the form of salinity. 

Table 1: Economic transformation trajectory of ICAR-CSSRI’s Reclamation technology: 

Sl.no ICAR-CSSRI Technology Income generation from the reclaimed area (in crores per annum) 

1 Gypsum Technology 25320 

2 Sub Surface Drainage 
Technology 

0.86 

3 Salt Tolerant Varieties 256.6 

4. Land Shaping Technology 0.065 

(Source: Raju et al., 2017, Mandal et.al, 2018, Technical Bulletin 2013 on Land Shaping) 

Table 1 reveals the positive economic impact reclamation technology has on the reclaimed land. It itself is an 
indication of the change in socio-economic situation of people living in those areas as cultivable land may have 
direct effects such as increase in employment opportunities, stable income from agriculture, spike in economic 
activities around the region etc. The agricultural income generated from the reclaimed sodic area is Rs.25320 
Crores. This also provides an employment opportunity to about 2.8-million-man days annually. Similarly, Raju 
et.al, 2017 reported that the SSD technology which has been successfully implemented over 70,000 ha in 
Haryana, Rajasthan, Gujarat, Punjab, Andhra Pradesh, Maharashtra and Karnataka contribute about 0.56 million 
tonnes of food grain production and an income generation of  8.60 million annually. Even ICAR-CSSRI has 
developed 18 salt tolerant varieties to reduce the burden on farmers cultivating on reclaimed salt affected soils. 
The varieties were game changers for the farmers of SAS. The land shaping technologies are being implemented 
in an area of about 370 hectares which are in Sundarbans and some regions of Andaman and Nicobar. 

 
Figure 1: Impact of reclamation of salt-affected soils in India (Raju et.al, 2017) 
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On similar note, there has been CSSRI technological percolation which resulted in changing the outlook of 
degraded land (Table 2). 

Table 2: Advance Transferable Technologies ICAR-Central Soil Salinity Research Institute: 

Sl. No  Technology for Reclamation And 
Management Of Salt-Affected And Water 
Logged Soils 

Socio –Economic Impact 

 Gypsum for reclamation of sodic soil  
 

Mandal et.al, 2018 reported that the technology 
aids in contributing around 16.60 million tonnes of 
additional grains to the national food basket 
annually. The agricultural income generated from 
the reclaimed sodic area is Rs.25320 crores 
(Chinchmalatpure et al., 2015). 

 Gypsum bed technology for poor quality 
water management  
 

Increased utilization of saline / alkali   groundwater 
enhances employment opportunities. Estimates 
suggest that about 55 million person-days of 
employment could be created every year. Rough 
estimates of its contributions in food grain 
production are expected to the tune of Rs. 800 
crores (CSSRI, 2015).  

 Sub surface Drainage Technology  
 

This reclaimed area contributing about 0.56 million 
tonnes of food grain production and an income 
generation of  Rs.8.60 million annually (Raju et al., 
2016; Raju et al., 2017). 

 Auger hole technology for alternate land 
use system in salt affected soil 
 

The soils get reclaimed to such an extent that the 
Panchayats have started giving these lands on rent 
to generate regular income for the overall 
development of the village. Different agro-forestry 
models have also been developed, which have 
shown a B: C ratio of 1.6 (Chinchmalatpure et al., 
2015) 
 

 Bio-drainage technology  
 

 Large scale farmers earned Rs. 88549.082/ha 
(three row plantation was done only on bunds) 
after five years of harvesting eucalyptus, while 
medium scale farmers earned Rs. 75625/ha 
whereas small farmers could secure Rs. 60416/ha 
from agroforestry planted around the bunds 
(R.K.Singh et.al, 2011).  

 Farmer based recharge structure 
 

The ground water with improved quality when 
used with MIS resulted in substantial increase of 
crop yields leading to BC ratio of 4.35, 2.94, 2.84 
and 1.22 in water melon, Bt.cotton, banana and 
sugar cane respectively  (Gururaja Rao et.al, 2014) 

 Salt tolerant varieties 
 

Singh et.al 2016 reported that the approach of 
combining cost effective crop and nutrient 
management options and a salt-tolerant variety 
can maximize the productivity and profitability of 
sodic soils in the alluvial Indo-Gangetic plains and 
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in neighbouring salt-affected areas of the Ganges 
mega delta in South Asia. 

 Land Shaping Technologies 
 
 

Net return has been increased from Rs.22,000 to 
Rs. 1,00,000- 1,39,000 ha-1 in Sundarbans region. 
Farmers in degraded areas in Andaman & Nicobar 
Islands were realising net return of Rs. 1,47,000-
2,21,000 ha-1 by implementing land shaping 
techniques compared to their income of Rs.24,000 
before implementation of land shaping techniques. 
This technology has greater scope to create 
employment in own farm or in local area, e.g., in 
Sundarbans region, one hectare of land with this 
land shaping technique generated employment of 
around 400 man-days(Burman.et.al, 2013)  
 

 Land Modification Models of Water-
Logged Soils 

Land Modification models under waterlogged soils 
of UP registered an incremental net return of 
Rs.1.3 and Rs. 3.14 lakhs per ha, spiked income 8-
10 times with gainful employment of 55 days year 
around (CSSRI, NRM presentation, 2020) 
 

 Microbial consortium/ Formulation 
 

Results showed an overall increase in yield up to 
22.43 and 15.62 % in the adopters of tomato and 
banana which simultaneously increased the gross 
profitability to 20.11 and 17.39 % in banana and 
tomato, respectively. The study also showed the 
change in expenditure incurred in production and 
also in the use of plant protection chemicals which 
was 47.33 and 33.36 % lower than the non-
adopters who didn’t practice the technology 
(Damodaran. et al, 2013) 

Table 2 provides the economic impact and indirectly the sociological transformation by the technologies of 
ICAR-CSSRI. Most of the technology has had been able to create employment opportunity to the people of the 
region, which may understandably culminate in positive sociological transformation of the farmers of SAS. 

Conclusion 

Existing salinity reclamation technologies are socio-economically buttressing the Food System of the Country. 
Nonetheless, more of promising technologies are on the anvil, such as alternate amendments for reclamation 
of alkali soils. Phyto amelioration is one of the more effective approaches for resource-poor farmers and 
community-based reclamation management of moderately saline-sodic and sodic soils (Arvind Kumar et.al, 
2019). In Maharashtra and Karnataka, the SSD technology is also implemented through public-private 
partnership (PPP) mode for large scale reclamation for doubling the crop yield and farmers income from 
waterlogged saline alluvial and heavy soils. Akin to it, discourse on policy planning level to unleash PPP mode in 
SSD to rest of salt affected regions of India are under consideration. To buttress the potential cropping intensity 
of the country, efforts have already begun in developing climate and nutrient smart varieties for salt affected 
regions. As agriculture has to become climate smart it is quintessential to look beyond traditional crops, so 
potential of crops such as soybean, quinoa, lentil is also explored. These futuristic research plans area aimed at 
sustainably buttressing the socio-economic stability of the farmer and eventually the Nation’s food security. 
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Introduction 

Coconut tree listed among the 10 most useful trees is also called tree of life, tree of abundance and tree of 
heaven considering its rich utilization areas. This tropical growing commercial crop originated from Southeast 
Asia is grown in more than 93 countries around the world. India is the third leading cultivator of coconut with 
Indonesia being the first country.  Coconut tree (both edible and non-edible parts) is vastly exploited by the 
wide range of industries for its nutritional, medicinal, cosmetic and other benefits. 

Morphology and Types 

Coconut (Cocos nucifera) tree, a member of palm tree (Arecaceae or Palmae) family is a monocotyledonous 
flowering plant. It has a lifespan of over 65 years and can grow about 30 m long with 75cm ± 15 long pinnate & 
5 m ± 1 m long pinnate leaves. Coconut is an egg/eclipse shaped drupe having endocarp, mesocarp and exocarp. 
A full-grown coconut weighs 1.5 kg on an average. 

The two main coconut tree varieties are dwarf and tall: 
1. Dwarf Variety – Fruiting occurs faster at about 4-6 years of plantation. E.g.: Regia (Coconut king), Eburnia 
(Ivory coconut), etc. 
2. Tall Variety – Yields between 6-10 years of plantation. 

All coconut hybrids are crossed inter-varieties of dwarf and tall coconut. E.g.: West Coast Tall, Chandrathara 
(Philippines Tall), VPM3 (Andaman Ordinary), etc. 

Nutritional and Functional Properties of Coconut 

The coconut is called ‘Kalpavriksha’ in India due to its diverse health benefits. Coconut oil is used as important 
Siddha and Ayurvedic ingredient since ancient times in India.  
1. Nutritional composition of coconut fruit: 36% water; 1.93% ash; 25 micrograms of total folates; 23 
micrograms of Vit K1; 122 micrograms of lutein. 

2. Coconut water contents: It is a natural isotonic solution with good amount of minerals/trace elements 
(Calcium 27mg; Magnesium 18mg; Sodium 28mg; Phosphorous 18mg; Potassium 215mg) almost similar to 
blood plasma and serves as energy drink for sports individuals. TCW (tender coconut water) when consumed 
on regular basis lowers total cholesterol, triglycerides and low-density lipoprotein. 

3. Lauric acid (found in mother’s milk) present in coconut fat acts as anti-microbial. About twenty four percent 
of coconut milk is fat and 50% of fat contains lauric acid. 

4. Coconut fat being a medium chain triglyceride (MCT) has been proven beneficial for patients suffering from 
liver (cirrhosis or fatty liver) and gall bladder disorders (cholelithiasis & cholecystosis) as MCT does not require 
bile for absorption by enterocyctes. 

5. Caproic acid (6% of coconut fat) gets converted to monocaprin in animal or human body exhibits anti-viral 
effect against sexually transmitted diseases namely, HIV and herpes simplex. 
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6. The total carotenoids (approximately 220 mg) present in fresh coconut have proven anti-oxidant property 
against cell damage induced by free radicals and aids in suppressing inflammation. 

Coconut Based Food Products 

The global market for coconut products is rising constantly. Studies have estimated that coconut products 
market size (food and beverage industries) will be around $31 billion by 2026 which is mainly by increased 
demand for coconut water. It is expected that India will play crucial role as prominent coconut market as 
Indonesia and India are leading producers of coconut satisfying three fourth of world coconut market. 
1. Coconut Oil (CO): Oil is extracted from coconut kernel (Copra) is used by both cosmetic and food sectors. 
Coconut oil and Virgin coconut oil (Coconut oil not undergoing the process of refining, bleaching and de-
odorising) is used extensively in South Indian and Sri Lankan cuisine. This oil with MCT aids in prevention of 
diabetes, cardiovascular diseases and colon cancer. 

2. Coconut flour (CF): Coconut flour is made by processing the coconut meal obtained during oil extraction. 
Flour with high dietary fibre is utilized by bakery industry for making noodles, pasta and snacks. The low 
glycemic index (GI) of CF can be exploited as supplementary food in management of type 2 diabetes mellitus. 
CF being gluten-free flour can be substituted for certain wheat-based products by patients with Celiac Disease. 

3. Coconut water (CW) beverages: Fermented and non-fermented beverages developed using CW are popular 
for their probiotic activity. CW concentrates are developed and utilized by carbonated and non-carbonated 
beverage sectors. 

4. Desiccated coconut: Obtained on drying grounded and shredded coconut is used as a substitute for fresh 
grated coconut. 

5. Coconut milk (CM): CM is prepared by pressing, squeezing and filtering fresh grated coconut or tender 
coconut. It can be consumed either raw or as a substitute for milk. The presence of lauric acid makes CM a 
potential functional food. It helps in curing ulcer. 

6. Coconut cream (CC): Coconut fat lacks trans fatty acid. Hence CC may be used as fat source. 

7. Coconut vinegar (CV): CW or water from sap is fermented and substituted for synthetic commercial vinegars 
for its rich flavour and preservative property. 

8. Coconut Sugar and Jaggery: This is less sweet and has lower glycemic index than white sugar. Market for 
coconut sugar is accelerating for its low GI effect and consumed for managing diabetes. 

9. Other coconut-based food products include candy, honey, syrup, milk powder, protein powder and jam. 

Conclusion 

Coconut is considered valuable for its health benefits and is exploited by food and beverage sectors highly. The 
market trend on coconut products is increasing globally and with India being top coconut producer must 
strategically develop plans to deliver the products that meet consumer requirements. Emphasis on research 
and technology towards coconut industries must be directed for obtaining large scale commercial benefits. 
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Introduction 

Rice (Oryza sativa L.) is the staple food for more than half of the world’s population and plays a vital role in food 
security. It is second most important crop of the world. Challenges in maintaining the sustainability of rice 
farming have been increasing with the increased scarcity and competition for water resources, stagnant or 
declining yield levels, higher fertilizer cost and negative environmental impact due to the increasing use of 
agrochemicals for rice production. Despite these constraints, rice production must rise over the next generation 
to meet the world’s food needs. Hence, producing more rice with shrinking resource input is a formidable 
challenge for ensuring the food, economic, social and water security of the Asian region. Seedling age at 
transplanting is an important factor for uniform rice stands which regulates potential agronomic traits viz., 
tillering, panicle number and grain yield per unit land area leading to sustained rice production. 

Optimum Age of Seedlings 

Seedling vigour is the basic component of the transplanted rice, which depends on its growing environment and 
proper age. Optimum age of the seedlings is 18-22 days for short, 25-30 days for medium and 35-40 days for 
long duration varieties. Transplanting rice seedlings 21 days old or older has been commonly reported to 
generate an increase in grain yield as a result of higher tiller production. When the seedling age is more than 
25 days, rice seedlings are usually named “delayed transplanted rice” or “rice with old seedling age.” Delaying 
transplantation can detrimentally impact rice growth and grain yield formation, mainly due to poor tiller 
occurrence, shortened vegetative duration and decreased dry matter accumulation. 

 

Management Practices 

1. Adopt the spacing recommended to medium and low fertility soil. Maintain 50 hills per meter square in low 
fertile soil. 
2. Plant two to three seedlings per hill in order to increase tillers production. 
3. Avoid cluster planting of aged seedlings, which are hindering the formation of new tillers. 
4. Plant the seedlings with a depth of 3 cm.  
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5. Fill the gaps if any within 7 - 10 days after planting.  
6. New tillers alone are capable of producing normal harvestable panicle. Weak panicle may appear in the 
mother culm within three weeks after transplanting and vanishes well before harvest. 
7. To encourage the tillers production, enhance the basal N application by 50% from the recommended in the 
form of ammonium sulphate and thereafter follow the normal schedule recommended for other stages. 
8. Foliar application of 0.5% zinc sulphate (1 kg/acre) + urea 1% (2 kg/acre) along with 200 litres of water once 
in 15 days after transplanting or urea 1% (2 kg/acre) + DAP 2% (4 kg/acre) + KCl 1% (2 kg/acre) along with 200 
litres of water at flowering stage thereafter once in 10 days. 
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Abstract 

Agricultural sustainability can only be achieved when the ends are target from the means. This does not include 
only safe production in terms of consciousness of future generation needs but building up the capacity of the 
Agricultural system towards increase in productivity cum profit maximization through the new trend of 
extension services. 

Under WTO, the globalization/liberalization of market demands farmers at all levels to transform themselves 
from production and selling in the domestic market to producer cum seller in the wider market scene to realize 
the optimum returns on their investments. The need for market led is of necessity by the paradigm shift of 
present Agriculture scenarios which calls for conversion of the sector into profit-oriented business. FAO 
estimates that 32 percent of all food produced in the world were lost in 2009 due to lack of post-harvest 
operation among others (Lipinski, B. et al. 2013). 

Similarly, 13% of Gross Domestic Product was reported loss yearly in India due to loss of food grains 
(Manipadma Jena, 2013). Existence of many middle men has also resulted into less return on farmer’s 
investment as well as high cost paid by the consumer. 

However, this loss can be minimized by the Market Led extension approach through adequate supply of 
information by SWOT analysis of the market, establishing market and agro processing linkages, direct 
marketing, and capacity building in terms of improved production and post-harvest operation such as proper 
handling, grading, standardizing, value addition, packaging as well as storage and transport system (Ahmad 
Nafees and Slathia, 2011). Hence, this paper discusses the prospects and challenges of market led extension in 
view of 21st century scenario for capacity building of farmers, extension functionaries’ stakeholders, and also 
for policy recommendation towards holistic sustainable agricultural development. 

Introduction 

India is an Agrarian country with 60% of its population depending on Agriculture. It remains the principal source 
of livelihood for more than 58 % of the population though its contribution to the national GDP has declined to 
13.9 % due to high growth experienced in industries and services sectors (Anon, 2012). Over the past few 
decades, India became self-reliant in food production and this was as a result of production led extension 
system among others. 

Emphasis was made on transfer of ‘package of practices’ from research station to farmer’s field resulting in 
increase in food production. The success of this system brought to lime light the long-standing problem related 
to marketing as well as challenge of realizing optimum returns on farmers investment as farmers became self-
aware of the need to shift from ‘seed to seed’ to ‘rupee to rupee’. Till today most of our farmers sells their 
produce in ‘as is where basis’ without being aware of market situation. 

However, capacity building of farmers towards equipping them with crucial information about markets is of 
paramount necessity. Extension system should not only focus on the Agricultural production but should also lay 
emphasis on marketing for holistic development of the farmers. Market Led Extension builds emphasis on the 



 

 
Volume 3 - Issue 01 - January 2021       485 | P a g e  
 

focus shift from ‘content’ to ‘function’ stressing the need of Agriculture extension to be more than just a delivery 
vehicle for agriculture technology. 

It is the market ward orientation of agriculture through extension includes agriculture & economics as the 
perfect blend for reaching at the door steps of farming community with the help of appropriate technology 
market ward orientation of Agriculture through extension. The need for market led is of necessity by the 
paradigm shift of present Agriculture scenarios which calls for conversion of the sector into profit-oriented 
business. 

21st Century Scenario of Indian Agriculture 

There is no gainsaying the fact that Agriculture in India over the half century has witnessed a great success 
considering the great capacity achieved in feeding the fast-growing population as well as causing waves at the 
international market scene. Indian agriculture made a rapid progress augmenting the annual food grain 
production from 51 million tonnes in the early 1950’s to 235 million tonnes in 2009-2010 and steered the 
country to a status of self-sufficiency (Rajesh Kumar et al., 2012). With this progress in mind, the following 
scenario is described to understand the trend of Indian agriculture in the 21st century. 

Concept of Market-Led Extension 

In changing scenario of agriculture, the farmers should be provided with proper up to date information ranging 
from production technology to market oriented knowledge i.e. What to produce? When to produce? How much 
to produce? When and where to sell? at what price? And What form to sell his produce. Basically market-led 
extension considers farmers as an agripreneurs and enables farmers to get high returns (money to money) out 
of the entire farming enterprise. This also facilitates farmers with diverse baskets of package of practices 
suitable to local situations/ farming Systems. 

Objective of Market-Led Extension 

1. To identify possible areas of intervention of extension in agricultural marketing.  
2. To build up and use effective extension methodologies for providing need-based support to farming 
community in marketing of their produce. 
3. The present linkage among Research-Extension-Farmers is extended by market linkage.  
4. To identify and communicate innovation for value addition practices and post-harvest technologies.  
5. To develop network and action plans for extension to support marketing of the product at different level. 

Market Led Extension: The Need of the Hour 

The paradigm shift of present Agriculture scenarios especially in India context as well as globally spurs for all 
hands to be on desk to transform Agriculture sector to into worthwhile and profit-oriented business through 
the intervention of Market Led Extension. Farmers which are the producer and the almost receiver of the 
shocking wave in the sector must be taking care of in terms of building their capacity to face the challenge of 
the hour. Indian Agriculture has been characterized with high input cost, lack of access to quality information 
especially information about markets, lack of labour as a result of rural urban migration, lack of infrastructure 
facility, large number of market functionaries, lack of grading and standardizing, good storage facilities, lack of 
market intelligence among others which resulted in high marketing cost and minimum share in consumer’s 
rupee. 

Prospects of Market Led Extension 

Market Led Extension has a great potential in paving wave for optimum production on a sustainable basis 
considering the current trend of challenges in process of food production globally. Over the years ‘lab to land’ 
had been much emphasized in our country now it is time to focus on farm to fork. Due to WTO, the countries 
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around the world are no longer confined to domestic production alone. The countries with competitive 
advantages are looking forward to dump their output anywhere in world. 

However, with the new functionary role of extension personnel under Market Led Extension, future success can 
be guaranteed for Indian Agricultural Development. The following are some of the expected functionary role of 
extension personnel. This includes SWOT analysis of the market, organizing commodity-based farmers’ interest 
groups and farm management capacity building, Backward and forward linkage, Farmers exposure to market 
intelligence and guidance for quality decision about market. Therefore, key answer to the above questions will 
empower farmers in both production market-oriented knowledge which is the sole responsibility of Extension 
functionaries through Market Led Extension. 

Challenges in Market Led Extension 

Extension system is gigantic in size and is heavily burdened with multifarious activities. Adding to it is the gap 
in communication between the researcher and the farmer. Developing good market intelligence/ information 
is yet another challenge. Good market intelligence should be comprehensive, accurate, relevant, confidential, 
trustworthy, and equally accessible and timeliness. 

Agricultural goods are quite different from marketing goods. The main difference is they are perishable in 
nature. Supply is not regular because of seasonality in production. Farmers here have small land holding which 
gives scattered production and variability in quality of the products. Besides the factor that our is not in a 
position to reap the benefits of WTO through export, also one major threat our country is faces is unrealized 
opportunity in agricultural marketing, imports by our country, underexplored export opportunities for Indian 
products and distortion in domestic market. 

Sustainable Agricultural Development through Market Led Intervention 

World Commission on Environment and Development’s (1987) defined Sustainable development as the 
development that meets the needs of the present without compromising the ability of future generations to 
meet their own needs. However, Production Dimension Seasonality of production: Supply not uniform 
Perishability of produce as a result of poor storage facilities Bulkiness of production Dimensional challenges of 
MLE Market Dimension Lack of information about the market (Market Intelligence) Existence of middleman 
Inferior quality of Extension Dimension Lack of communication skills Lack of credibility Insufficient information 
related with market achieving the need of the future should begin with striking an effective balance among 
social, economic and environmental objective through making equality decision today. 

Effective decision making in Agricultural production from the stage of investment to return on the investment 
will as well produce an Agriculture growth on sustainable basis. This includes the proper integration of all the 
objectives; social economic and environments in other to meet food demand for the growing population. 
Consequently, Market Led extension can serve as a tool for effective delivery of adequate and quality 
information to farmers for effective decision on production and marketing issue so as to realize an optimum 
return for their investment without jeopardizing the need of the future generation. 

Conclusion 

Market-led extension is enabling the farmers to realize the high returns for their produce, minimize the 
production costs, improve the product value and marketability. The potential of information communication 
technology, electronic and print media need to be harnessed to disseminate the production and market related 
information to the farmers. 

Farmers have moved from subsistence to self-sufficiency due to advent of production technologies. In order to 
be successful in the liberalized market scenario, the focus needs to be shifted from ‘supply driven’ to market 
driven' and farmers should produce according to the market needs and earn high returns. Sustainable 
Agriculture can therefore be realized by the intervention of Market led extension system. This can be achieved 
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through capacity building of farmers to realize optimum returns for their produce. This will in turn help minimize 
the production costs as well as improve their farmers’ products through value addition. 
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NITI– National Institute for Transforming India, is a group of people with authority entrusted by the government 
of formulate / regulate policies concerning transforming India and it is an important evolutionary change in 
Government of India policy think-tank with experts in it and it is a commission to help govt. in social and 
economic issues, it will be replaced one-way flow of policies from centre-to-state. 

National Institution for Transforming India is a Government of India policy established by the PM Mr. Narendra 
Modi on January 1, 2015, to replace the Planning Commission which followed the top-down model. The aim of 
NITI Aayog’s creation is to foster involvement and participation in the economic policymaking process by the 
State Governments of India. The emphasis is on the bottom-up approach and makes the country move towards 
cooperative federalism. The first meeting was held on 8 Feb 2015. The Prime Minister serves as the Ex-officio 
chairman. The governing council consists of all state Chief Ministers, Lieutenant Governors of union territories, 
and vice chairman nominated by the Prime Minister. In addition to full members, part-time members, ex-officio 
members and a chief executive officer. The temporary members are selected from the leading universities and 
research institutions.  

This is a collaborated approach where experts from different parts of the globe will show up to exchange ideas, 
thoughts, and facts in an effective manner. Aayog facilitates the working together of the Union and States by 
ensuring that all States take the lead in providing policy interventions to the Union Government. This creates 
global connections which help a lot in increasing the market value of the country and its products. Also, when 
expert minds will join hands to produce the required product, it will definitely be of superior quality. Same 
works with the planning commission where the plans need proper research so that the citizens are fully satisfied 
with the final plan of action. 

Why NITI Aayog?  What has Changed Over 65 Years? 

There is a need to change in policy framework as India has changed from 1950 to 2015 in terms of: 
1. Demography: 

a. Population of 135 crore from 40 crore in 1950. 
b. People are migrating from rural to urban area. 

2. Economy: 
a. GDP has touched Rs. 100 lakh crore mark from 10,000 crore in 1950. 
b. XII plan size is Rs.43 lakh crore from Rs. 2400 crore in 1st five-year plan. 

3. State: 
a. One size fit all approach doesn't work. 
b. Every state has own requirement. 
c. Number of state increases. 

4. Technology: 
a. There is change in technology - we are working on 3G and 4G networks. 
b. Data is available at fingerprints. 

Mandate of NITI AYOG 

1. Pro-people: To fulfil aspiration of individual as well as society. 
2. Pro-activity: In anticipation and in response to citizens need. 
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3. Participation: Involvement of peoples. 
4. Empowering: Women in all aspects. 
5. Inclusion of all: SC, ST, OBC, OPEN, Garib, kisan.  
6. Equality: Equal opportunity for all especially the youth. 
7. Transparency: Making government visible and responsive. 

Objectives 

1. Co-operative federalism. 
2. Shared national agenda. 
3. Decentralize planning. 
4. Formulation of plans at VILLAGE level and aggregation at higher level. 
5. Partnership with national and international think tank. 
6. Knowledge and innovation hub. 
7. Focus on technology up gradation and capacity building. 

Performance of NITI Aayog 

Aayog has performed out stand in promotion of cooperative, competitive federalism, it has also helped in 
assisting central govt. in policy making, serving as a think tank, also helped to promote reforms in the state, it 
has leading campaign about major reforms in agricultural marketing and working on the creation of 20 world 
class universities & reform of university grants commission act 1956. 

It also organizes the Transforming India lecture series featuring such a high-profile speaker as Deputy PM of 
Singapore, Bill Gates. The PM, entire cabinet & top officials authority attend these lectures, the Aayog has also 
led the way for the creation of a vibrant innovation & entrepreneurship ecosystem in the country through ATAL 
Innovation Mission. 

Conclusion 

AAYOG is an innovative scheme which is unique in its approach and aims to gather knowledge from various 
sources for the betterment of the country. The lecture delivering system is highly efficient in all its aspects. 
Making plans which will affect an entire state or country is not an easy job and needs special attention. Many 
experts are brought together to share their part of knowledge with everyone else so that the system become 
stronger and more effective. 

Continuous meetings are being organised to provide mutual benefits to everyone. India being the host is at 
major advantage as this also helps to maintain good social and economic connection with other countries, 
knowledge increases with sharing and so is the agenda of this scheme. The international approach to this 
scheme doesn’t hide its origin from the very basic principles of learning and growth and the intellectual and 
informative lectures delivered create an intelligent aura which is beneficial to both the sides. 
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Introduction 

Food packaging are meant for containment of food and  maintaining food quality by providing protection from 
various transportation hazards when product is in the supply chain. Then there are so many functions of 
packaging materials like advertisement, appeal to consumer for buying products, and so on. 

While fulfilling these requirements packaging materials produces so many environmental hazards by producing 
tremendous waste after completing the requirement of packaging. Therefore, Edible packaging’s have received 
considerable attention because of their advantages compared to non-edible packaging. 

One of the most important benefits of using edible packaging systems, as compared to synthetic packaging 
systems, is that they are an integral part of the food product; they can be eaten, without unpack and throw the 
package. 

Additives like antimicrobial agents, emulsifiers, plasticizers, bacteriocins, antioxidants can be used in the 
formation of edible packaging for enhancement of quality of packaging as well as food product. 

Edible Coatings and Films 

There is a difference between edible coatings and films. Generally, edible films are prepared separately and 
then applied to the surface of the food, whereas coatings are formed directly onto the food surfaces while 
edible films and sheets are not replacing traditional packaging completely. 

The function of food protection can be improved by combining primary edible packaging and secondary non-
edible packaging. Secondary packaging is usually required for handling and hygienic reasons. The films or 
coatings are produced exclusively from renewable, edible elements and therefore are anticipated to degrade 
more readily than polymeric materials. The coating can enhance the organoleptic properties of packaged foods 
provided they contain various components (flavourings, colourings, sweeteners). 

Edible packaging generally consists of edible films, sheets, coatings, and pouches. Edible films (thickness 
<254μm or 10 mil) or layers (thickness >254μm) are stand-alone structures that are performed separately from 
the food and then placed on or between food components or sealed into edible pouches, whereas edible films 
are thin layers (both edible film) of consumable materials formed directly on the surface of the food products.  

Edible wrapping gives replacement as well as fortification of the natural layers at the outer surfaces of product 
to protect product from moisture losses, gas, aromas and solute movements out of the food, while selectively 
allowing for controlled exchange of essential gases, such as carbon dioxide, oxygen, and ethylene, for 
respiration of food products and prevent food from deterioration.  

The materials which are used for the edible wrapping can thoroughly coat the food or can be used as a 
continuous layer between food components. 

Classification of Edible Food Packaging Material 
Edible films and coatings, can be proteins, polysaccharides, lipids and composites. Both coatings and films, must 
meet two requirements; one is to be considered edible, and the other is the ability to form a continuous layer 
or film. 
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Fig. 2 Classification of edible packaging materials 

Protein-Based Edible Packaging Material 
Protein based edible films can be used to reduce the loss of moisture, to restrict absorption of oxygen, to reduce 
migration of lipids, to enhance the organoleptic properties of packaged foods, to offers excellent mechanical 
and barrier properties against oil, oxygen and aroma. But they are limited resistance to water vapours. These 
films have impressive gas barrier properties compared with those prepared from lipids and polysaccharides. 
Protein from different sources is used as edible packaging like collagen (fibrous proteins), globular proteins of 
wheat gluten, corn zein, soy protein, whey protein, and mung bean protein. 

Polysaccharide Based Edible Packaging Material 
Polysachharides are long chain polymers of sugars or monosachharides. Polysaccharides, such as pectin, starch, 
alginate, carrageenan, and xanthan gum, chitosan have been used. Properties of these films are it exhibit 
excellent aroma, oxygen, oil barrier properties and they provide strength and structural integrity. However, it 
also provides very little resistance to water migration Hydrogen-bonded  network structure  and  low  solubility 
provide  excellent  oxygen  barrier  properties. These polysaccharides are able to form films and coatings with 
good barrier properties against the transport of gases such as oxygen and carbon dioxide therefore retards the 
problem  of rancidity and off flavour development. 

Lipid Based Edible Packaging Material 
Lipid compounds have been utilized as protective wrapping. Properties of lipid based edible coating has 
excellent barrier properties for water vapour and oxygen. Usually, wax films are substantially more resistant to 
moisture migration than other lipid or non-lipid edible films. Some of the lipids, waxes and resins used for 
development of edible films and coatings are mentioned below: 
1. Lipids: Sunflower oil, palm oil, coconut oil, cocoa butter etc. 
2. Waxes: Bees wax, Carnauba wax, Jojoba oil, Candelilla wax etc. 
3. Resins: Gum arabic, Mesquite gum, Tragacanth gum etc. 

Composite Materials 

Composite materials are a combination of edible substance that is made to overcome their flaws. Composite 
materials for edible packaging may be of different composition like; Polysaccharide-protein edible coatings, 
Lipid-Protien edible coating. It is use to provide both the relatively high water vapor barrier of lipid films and 
the desirable mechanical properties of protein films. 
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Fig. 2 Edible packaging of foods 

Advantages 

1. Not produces waste like conventional packaging materials. 
2. It is a recyclable and biodegradable therefore not harmful to environment. 
3. Enhances organoleptic properties of food and appeal to consumer.  
4. Edible films can be used as a carrier of antimicrobial agent, flavouring agents, etc. 

Disadvantages 

1. It is an expensive method of packaging. 
2. Cannot use alone when unsanitary food handling occurs. 
3. Sometimes development of odd flavour takes place when package deteriorate.  
4. It possess low mechanical strength as compared to synthetic packaging therefore chances of product 
deterioration during transportation. 

Conclusion 

Now a day’s edible coatings or films have received considerable attention in recent years. The Materials used  
for edible  packaging  are polysaccharide, lipid  and  protein-based and their composites have considerable 
advantages as compared to synthetic films. It also helps in the reduction  of  environmental  pollution. One  of 
the important functions of  edible coatings is their use  as carriers of antifungal and antimicrobials agents  for 
enhancement of the  shelf  life  of  foods  products;  they  also  used  as  carriers  of other nutrients for  increase 
the nutritional value of final processed food products. 
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Abstract 

Human beings evolved on a diet that was lower in total fat and saturated fat, but contained equal amounts of 
omega-6 and omega-3 essential fatty acids. Huge number of assays in human as well as in animal body, Omega-
3 polyunsaturated fatty acids play important role in the development and maintenance of different organs, 
primarily the brain, and this is useful in the prevention of different pathologies, mainly the cardiovascular 
diseases, and, as proposed recently, some psychiatric, dermatological or rheumatological disorders. EPA and 
DHA are mainly present in animal's products such as meat or egg. 

Introduction 

In recent years, polyunsaturated fatty acids (PUFA, particularly those of the n-3 family) have received 
considerable attention in both human and animal nutrition. Dietary supplementation with fish oil (FO), 
safflower seed, flaxseed, etc which is rich in n-3 PUFA, is reported to have nutritional benefits. Three type of 
omega-3 fatty acids are alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), and docosahexaenoic acid 
(DHA). ALA is found mainly in plant oils such as flaxseed, soybean, and canola oils, sunflower etc. 

DHA and EPA are found in fish and other seafood, etc. As a means of addressing the low consumption of the 
long-chain n-3 PUFA by humans, there has been some interest in the enrichment of poultry meat with these 
fatty acids. The highest amount of scientific support is available for their protective effect with respect to 
cardiovascular diseases. Addition, n−3 PUFA in diets have been reported to play a role in prevention and 
treatment of many other chronic diseases, such as neurological disorders, cancer, inflammatory diseases, 
obesity and diabetes mellitus etc. 

Why Omega-3 Important? 

Omega-3 fatty acids are a type of fat the body cannot make on its own. They are an essential fat, which means 
they are needed to survive. We get the omega-3 fatty acids we need from the foods we eat. 

Benefit of Omega-3 Fatty Acid 

1. Omega-3 fatty acid reduced risk of cardiovascular disease. 
2. It reduced risk of death if you have cardiovascular disease. 
3. Reduced sudden cardiac death caused by an abnormal heart rhythm. 
4. It reduced risk of blood clots because omega-3 fatty acids help prevent blood platelets from clumping 
together. 
5. Keeping the lining of the arteries smooth and free of damage that can lead to thick, hard arteries. This helps 
keep plaque from forming in the arteries. 
6. Lowering triglyceride levels by slowing the rate they form in the liver. High levels of triglycerides in the blood 
increase the risk of heart disease. 
7. Less inflammation. Atherosclerosis (hardening of the arteries) is thought to involve your body's inflammatory 
response. Omega-3 fatty acids slow production of substances that are released during the inflammatory 
response. 
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Formula of Omega-3 Fatty Acid 

 

Benefit for COVID Patients and Human Health 

The corona virus disease 2019 (COVID-19) emerged for the first time in Wuhan, China, in December 2019. Yet 
no vaccine or treatments have been developed to date despite scientific efforts. This is due to the time and 
steps required for compounds to be considered efficient and safe. EPA and DHA are known to play a key role in 
the prevention and treatment of coronary artery disease, diabetes, hypertension, arthritis and other 
inflammatory and autoimmune disorders. One feature of uncontrolled activation of the inflammatory response, 
such as that occurring in the cytokine storm present in critically ill SARS-CoV-2 infected patients, involves 
excessive production of pro-inflammatory cytokines and lipid-derived inflammatory mediator eicosanoids, 
accompanied by exacerbated oxidative stress. 

The anti-inflammatory effect of EPA and DHA has been associated with decreasing of arachidonic acid (ARA) in 
the membrane phospholipids, which leads to a reduced synthesis of ARA-lipid mediators and increased 
production of less inflammatory EPA-derived lipid mediators. EPA and DHA supplementation can increase the 
proportion of both fatty acids in blood lipids, blood cells and many tissue compartments. The incorporation of 
EPA and DHA in phospholipids occurs in a dose and time-dependent manner, and the incorporation of EPA 
generally occurs faster than DHA. 

Meat as a Source of DPA 

Much of the evidence substantiating health benefits of long chain omega-3 poly unsaturated fatty acid, mainly 
cardiovascular benefits. It is based on dietary supplementation with fish oil, flax seed, safflower seed rich in EPA 
and DHA. Fish contains relatively little of the intermediate long chain omega-3 poly unsaturated fatty acid that 
is DPA, and there is even less in fish oil. Hence long chain omega-3 fatty acid intake recommendations for 
cardiovascular health usually specify EPA and DHA without reference to DPA. 

Conclusion 

The potential benefits of omega-3 fatty acids to reduce COVID-19 severity are based on well documented in 
vitro and in vivo experimental assays, the risk of supplementation with high doses before or during SARS-CoV-
2 infection must be investigated. It is important to stress the role of fish, whose nutritional value for humans in 
terms of lipids (determined by omega-3 fatty acid levels) can vary considerably according to the type of fats the 
animals have been fed. The aim of preventing some aspects of cardiovascular disease (and other pathologies) 
can be achieved, or on the contrary frustrated, depending on the nature of fatty acids present in fish flesh, the 
direct consequence of the nature of fats with which they have been fed. It is the same for eggs, "omega- 3 eggs" 
being in fact similar to natural eggs, were used in the formulation of certain formula milks for infants, whose 
composition was closest to that of breast milk. 
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Introduction 

The entomopathogenic nematodes belonging to the families Steinernematidae and Heterorhabditidae due to 
their excellent potential and quick knock down effect on insects. They selectively infect many insects and few 
other arthropods but do not adversely affect mammals or plants. The relatively rapid death of the insect host 
(24 - 48h) and wide host range of these nematodes have generated great interest in their use as biocontrol 
agents in integrated pest management. The entomopathogenic nematodes are mutually symbiotic with the 
bacteria xenorhabdus and photorhabdus spp. and these bacteria are responsible for the death of the host. The 
bacteria are gram negative, non-spore forming, rod shaped and facultatively anaerobic. They occur as primary 
and secondary forms in which primary forms produce a wide spectrum of antibiotics. 

Terminology 

Entomophilic: Forms involved in phoretic relationship with insects. 
Entomogenous: Growing on insects. 
Entomoparasitic: Parasitic forms developing and multiply on insects. 
Entomopathogenic: Forms killing insects by septicaemia due to bacteria carried by them; causing disease in 
insects. Used for Steinernema and Heterorhabditis species. 

a. Entomopathogenic nematodes occur naturally in soil environments and locate their host in response 
to carbon dioxide, vibration and other chemical. 
b. Species in two families (Heterorhabditidae and Steinernematidae) have been effectively used as 
biological insecticides in pest management programs. 
c. Entomopathogenic nematodes fit nicely into integrated pest management because they are 
considered non-toxic to humans. 
d. They can be applied, at the infective juvenile stage, in conjunction with other biological and chemical 
pesticides, fertilizers and soil amendments. 

Foraging Strategies 

1. The foraging strategies of EPNs vary between species, influencing their soil depth distribution and host 
preferences. IJs use strategies to find hosts that vary from ambush and cruise foraging.  
2. In order to ambush prey, some Steinernema species nictate, or raise their bodies off the soil surface so they 
are better poised to attach to passing insects, which are much larger in size. Many Steinernema are able to jump 
by forming a loop with their bodies which, when released, propels them through the air. 
3. Some other species adopt a cruising strategy and rarely nictate. Instead, they roam through the soil searching 
for potential hosts. 
4. These foraging strategies influence which hosts the nematodes infect. For example, ambush predator such a 
Steinernema carpocapsae infect more insects on the surface, while cursing predator like Heterorhabditis 
bacteriophora infect insects that live deep in the soil. 

Bionomics of the Nematode/Bacterium Complex 

Entomopathogenic nematodes are very common soil organisms and have been recovered from soils from 
various parts of the world (Hominick, 2002; Hominick, et al., 1996). Numerous surveys continuously recover 
new isolates and many of these constitute new species. Presently, 35 species of entomopathogenic nematodes 
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in two families and three genera (Steinemema with 27 species; Neosteinemema with one species, and 
Heterorhubditis with seven species) are recognized. 

Pathogenicity and Life Cycle 

The infective juveniles enter the insects host through the mouth, anus, spiracles or by direct penetration 
through cuticle. If the mode of entry is by mouth or anus, the nematode penetrates the gut wall to reach the 
hemocoel, and if by spiracle, it penetrates the tracheal wall. When the infective juvenile reaches the hemocoel 
of a host, it releases the bacteria, which multiply rapidly in the hemolymph. Usually, the insect dies within 24-
72 hours. Even though the bacterium is primarily responsible for the mortality of most insects’ hosts, the 
nematodes also produce a toxin that is lethal to insects. The third stage juveniles infect the insect and feeds on 
the bacteria and their metabolic by-product, and moults to the fourth stage and then to males and females of 
the first generation. After mating, the females lay eggs that hatch as first-stage juveniles that moult successively 
to second, third, and fourth stage juvenile and then to males and females of the second generation. The life 
cycle of most nematodes includes an egg stage, four juvenile stages, and an adult stage. The third juvenile stage 
of entomopathogenic nematodes is referred to as the “infective juvenile” or “dauer” stage and is the only free-
living stage. The infective juvenile is capable of surviving in the soil, where it locates, attacks, and infects a pest 
insect. Under optimal conditions, it takes 3–7 days for Steinernematids and Heterorhabditids to complete one 
life cycle inside a host from egg to egg. Emergence of infective juveniles from the host requires about 6–11 days 
for Steinernematids and 12–14 days for Heterorhabditids. 

Host Range 

Entomopathogenic nematodes and their bacterial partners kill insects so quickly that they do not form the 
intimate, highly adapted host- parasite relationship characteristics of other insects-nematode infection. This 
rapid mortality permits the nematodes to exploit a range of hosts that spans nearly all insects orders, a spectrum 
of activity well beyond that of any other microbial control agent. 

Commercial Formulation 

The nematode based products currently available are formulations of various strains of Steinernema 
carpocapsae such as ORTHO Bio-safe, Bio Vector, and Exhibit in the United   States. Some other species of 
steinernema commercially available are S. feltiae  as Magnet in the United States and as Nemasys and Stealth 
in the United Kingdom. 

Advantage of Entomopathogenic Nematodes 

Entomopathogenic nematodes have certain advantage over chemical as control agents. 
1. Nematodes are non-polluting and thus environmentally safe and acceptable. 
2. The infective juveniles can be applied with conventional equipment, and they are compatible with most 
pesticides. 
3. Safety to vertebrate, plants and non-targets.  
4. Quick kill to insects within 24-48h. 
5. Broad host range. 
6. Minimal labour cost. 
7. Highly effective against soil insects/ stages. 
8. Have a potential to recycle in soil environment. 

Limitations 

1. Entomopathogenic nematodes are remarkably versatile in being useful against many soil and cryptic pests. 
2. The nematodes are constrained by being living organism that requires specific conditions to be effective. 
Thus, desiccation and ultraviolet light rapidly inactivates Insecticidal nematodes. 
3. Poor long term storage. 
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4. Poor field persistence. 
5. Poor efficacy against foliar insects, No functional response. 
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Introduction 

In developing country like India, even at the present times agriculture is immensely important as it provides 
livelihood for the little more than half of total population and supplies food to whole nation. With the advent 
of green revolution and other technologies there has been an increase in the total agricultural production. This 
growth was propelled by technological change, use of fertilizer, investment on infrastructure, development of 
institutions and enabling input & output price policies.  

Over the past two decades, the Indian economy has undergone a noteworthy structural transformation away 
from agriculture towards the non- agricultural sectors (industry and service sector). The share of agriculture in 
the country’s Gross Domestic Product (GDP) is declining continuously, from 33 percent in the 1980’s to 26 
percent in the 1990’s and further to 16 percent in the year 2019. Despite this rapid decline, agriculture continues 
to be a key sector of the Indian economy because of its strategic importance to food security, employment 
generation, and poverty reduction. The performance of agricultural sector is crucial for the economy in several 
ways like eradication of poverty, and increasing employment opportunities etc., (Kiran, 2012). 

Methodological Approaches 

Delineation of agriculture growth into various components is of great importance, as it facilitates output 
projection with alternative targets and policies and removal of bottlenecks to achieve the speedy development 
of agriculture sector. Among the various methods used in identifying the sources of growth, widely adopted 
popular methodologies include Minhas and Vaidyanathan method, Hazell’s decomposition model, Bisalaiah’s 
model of decomposition and Total factor productivity. 

The decomposition method of growth trend in understanding agricultural performance was first presented by 
Minhas and Vaidyanathan (1965). They had estimated the change in value of agricultural output by segregating 
the changes in four major factors: area, yield, cropping pattern and the interactions among the three. They have 
used the additive method for working out the effects of the four factors. And later it was extended to seven 
factors; area, yield, cropping pattern, area-yield, area-cropping pattern, yield-cropping pattern and overall 
interaction term (Itishree Pattnaik and Amitashah, 2015). 

The model of decomposition was developed by Peter, B. R. Hazell in 1982, primarily to analyse the instability in 
Indian cereal production and is one of the most common methods of decomposition used till now. In this model, 
the sources of instability are measured as changes in average production and the variance of production, which 
are decomposed into several components. This model is mainly used for the time series data.  

The output decomposition model developed by Professor Bisaliah in 1977, is used for investigating the various 
sources of productivity difference between potential farm and farmer’s field. For any production functions the 
total change in productivity could be brought about by the changes in parameters of the production function 
which define the production process itself and changes in the input use. The production functions are 
considered to be convenient econometric models to decompose the productivity difference and production 
function approach was used to decompose the growth in agriculture output. 

One another method to measure the output growth is Productivity concept, it is of two types; Partial factor 
productivity and Total factor Productivity. Partial productivity measures the contribution of one factor (say 
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labour or capital) to output growth keeping the other factors constant. As such we have the concepts of labour 
productivity, capital productivity, which estimate the efficiency of resource use. But partial productivity does 
not truly reflect whether it (productivity growth) is because of more use of inputs or improvement in the 
efficiency of their use or technology improvement. Further, it also ignores time, secondary products, inputs 
other than land, labour and capital and externalities, all of which should be included in a sustainability measure. 

Therefore, the interest shifts to the Total Factor Productivity(TFP). Any growth in output that is not explained 
by traditionally measured inputs like labour and capital used in production is known as  TFP, as it measures the 
net growth of output per unit of total inputs. As such, its level is determined by how efficiently and intensively 
the inputs are utilized in production. It is a measure that captures changes in efficiency in addition to pure 
technical change in the sense; shifts in the production function. TFP is regarded as the more accurate 
productivity measure than the partial productivity measure. Three main approaches for estimating the Total 
factor productivity are Production Function Approach (PFA),Growth Accounting Approach (GAA) and Non-
Parametric Approach. Most commonly used method among these is Growth Accounting Approach. 

Conclusion 

Decomposition is an art of splitting a given time series or a system of data into its constituent parts. Very useful 
in knowing the drivers of change. Firstly, Minhas and Vaidyanathan, even though they were first to pioneer the 
concept of decomposition but there were many Methodological developments by other researchers and many 
researchers used modified form of it. Hazell decomposition is data-oriented methodology with less restrictive 
assumption, used mainly in instability analysis. Output decomposition model developed by Bisaliah’s is used to 
know contribution of technology in observed yield difference and this model is based on production function. 
The TFP decomposition analysis helps to identify factors which influence the total factor productivity growth. 
The results of the decomposition analysis indicate which variable contribute to growth in productivity. 
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Plastids of higher plants are semi-autonomous organelles with a small circular double stranded DNA with a high 
copy number and have their own transcription, translation machinery. The chloroplast in one of the organelles 
known as plasmids found in plant cell. Chloroplast are the primary source of the worlds food productivity as 
they are site  for photosynthesis.  Important tool to investigate many aspects of regulation of gene expression. 
Chloroplasts also harbour many other important biosynthetic pathways. During plant development, they arise 
by differentiation of proplastids, precursors that are found in meristematic tissues.  Once stable transformation 
has been achieved, all plastid types within the plant will contain the same transgenic plastome. Thus, in 
flowering plants containing a variety of plastid developmental forms, the term plastid transformation is more 
accurate than chloroplast transformation. 

Why Genetically Engineer Chloroplasts? 

1. High-level transgene expression.  
2. Multi-gene engineering in a single transformation  event. 
3. Transgene containment via  maternal inheritance  of plastids in most crops , therefore, not transmitted by 
pollen. 
4. Absence of:  Gene silencing   Epigenetic effects Position effects. 

Functions of Plastids 

1. Photosynthesis. 
2. Starch biosynthesis. 
3. Lipid biosynthesis. 
4. Amino acid biosynthesis. 
5. Pigment biosynthesis. 

Genetic Transformation of Plastid Genomes Requires 

1. A method to deliver foreign DNA through the cell wall, the cell membrane and the double membrane of the 
plastids.  
2. A plastid specific selectable marker gene. 
3. A mechanism to integrate foreign sequence into the cpDNA. 
4. Highly regenerable tissue culture system. 

Methods of Chloroplast Transformation 

Two methods are currently available to stably transform plant plasmids. 
1. Biolistic approach. 
2. Polyethylene glycol. 

Various Steps Involved in Chloroplast Transformation 

1. The recombinant DNA plasmid is bound to a small gold nanoparticle that are then injected to the chloroplast 
of a leaf using  “GENE GUN” 
2. The plastid contain a multiple important gene the therapeutic gene- a gene for antibiotic resistance, the gene 
that increases the expression of other gene and the two flanking sequences. 
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3. The leaf is then grown on a plate containing an antibiotic. 
4. These cells are then exposed to regenerative factor that induces them to start sprouting shoot  and growth 
into full plants that express the desired protein. 

Advantages of Chloroplast Transformation 

1. Since chloroplast are almost always maternally transferred to the next progeny, there is little risk of any 
transgene flow from transplastomic to the neighbouring wild relatives. 
2. Therefore genes introduced into the chloroplast genome can move only through seeds, whereas genes 
introduced into the nuclear genome can move through seeds as well as pollen. 
3. Possibility of expressing multiple gene in operons, high expression level , possible of expressing unmodified 
bacterial gene and human cDNA and lack of gene silencing. 
4. The technology as such has numerous potent applications in developing plants resistance to biotic and abiotic  
stress. 

Limitations of Chloroplast Transformation 

1. Transformation frequencies are much lower than those of nuclear genes. 
2. Prolonged selection procedure under high selection pressure is required for the recovery of transformation. 
3. The method of transgene transfer into chloroplast are limited and they are either expensive or require 
regeneration from protoplasts. 
4. These transformation systems are far more useful with tobacco than with other plant species. 

Products of transgenes ordinarily accumulate in green parts only. 

Biotechnological Applications of Plastid Transformation 

1. Engineering Resistances: The high transgene expression levels obtainable by transgene expression from the 
plastid genome make transplastomic technology an attractive choice in resistance engineering, especially in 
cases where the level of resistance is directly correlated to the expression level of the resistance protein. 

This is, for example, the case with insect resistance conferred by insecticidal proteins from Bacillus  thuringiensis 
(Bt toxins) and herbicide resistance conferred by expression of herbicide-insensitive metabolic enzymes.  

2. Metabolic Engineering: 
a. A number of studies have been performed to evaluate the potential of transplastomic technology for 
metabolic pathway engineering, with the goal of increasing the nutritional value of crop plants or 
exploiting plants as production factories for metabolites of commercial interest.  
b. Because the chloroplast harbours a large number of biosynthetic pathways (and is often referred to 
as the biosynthetic centre of the plant cell), many biochemical pathways in plants are amenable to 
engineering via chloroplast transformation. An important restriction is that plastid-produced enzymes 
stay put and cannot be exported from the organelle. Thus, metabolic pathway engineering through 
plastid transformation requires the presence of an accessible metabolite pool within the chloroplast.  

3. Molecular Farming: 
a. Molecular farming represents a growing area of biotechnology that aims to harness the huge potential 
of plants as inexpensive factories for the large-scale production of recombinant pharmaceutical proteins 
and industrial enzymes.  
b. Motivated by the appealing concept of edible vaccines and in view of the very high foreign protein 
accumulation levels attainable in transgenic chloroplasts, much of the initial work on molecular farming 
in plastids focused on the expression of antigens for subunit vaccines.  
c. Indeed, a number of viral and bacterial antigens could be expressed to high levels and proved to be 
immunogenic when tested in animal models using different immunization routes, including, in some 
cases, oral immunization.  

4. Recent advances: 



 

 
Volume 3 - Issue 01 - January 2021       503 | P a g e  
 

a. A milestone in chloroplast transformation, the expression of Bacillus thurangiensis (Bt) Cry2Aa2 in 
transgenic chloroplast resulted in high level of accumulation (46.1%). Expression of a complete bacterial 
operon, and lack of the transgene product in pollen, insect resistance. 
b. Plastid transformation has also aided the study of plastid biogenesis and function. It has been used to 
investigate such areas like plastid DNA replication origins promoter elements, RNA sterility 
determinants, introns maturase,  translation elements, protein import machinery etc. 

Challenges Ahead 

1. Although the concept is more than 15 years old, plastid transformation has been accomplished in relatively 
few species. 
2. Numerous factors have hampered the expansion of chloroplast transformation technology to different plant 
species. 
3. One such factor is the unavailability of the genome sequence. The chloroplast transformation vectors utilize 
homologous flanking regions for recombination and insertion of foreign genes. 
4. Therefore there is an urgent need to sequence chloroplast genomes to facilitate transformation of crop 
species. 
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Eutrophication is an unwanted incident which leads to accrual of excess nutrient in water bodies resulting 
destructive effect in aquatic ecosystems. It may be driven through naturally or anthropogenic activities. 
Eutrophication causes the depletion of dissolved oxygen amount and aggravates the formation of Algal Bloom 
in water bodies which in turn pollute the water extremely. To address those problems, major concern should be 
emphasized on the optimum use of fertilizers in agricultural field and discharging the organic waste product into 
the water bodies. 

Introduction 

The word ‘Eutrophication’ derives from a Greek word “Eutrophos” that means “Well nourished”. Basically, it is 
the situation when there is a water body enrichment with minerals along nutrients that cause excessive algal 
growth. It is induced by the nutrient discharge, detergents, fertilizers, domestic sewage and industrial waste 
into fresh water ecosystem. It promotes the growth of phytoplankton, fungi and algae that impart a 
characteristic colouration to water (Ansari et al., 2011). The huge and rapid growth of algae in the water body 
causes algal bloom which becomes polluted the aquatic ecosystem and also inhibits the growth of other aquatic 
animals and plants. 

 

Are mainly classified into two types: Natural and Cultural: 
1. Natural Eutrophication In this type, there is no interference of human beings and it occurs naturally. It is long 
term process which takes many years to happen. 
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2. Cultural Eutrophication It is the process that accelerates natural eutrophication by the human activities. It is 
caused by increased nutrients and minerals input into the aquatic ecosystem which causes excessive growth of 
algae (algal bloom) leads to decrease amount of dissolved oxygen in the water bodies and it also reduce the 
growth of aquatic plants and animal, ultimate causes aquatic life death. 

Deleterious Effect of Eutrophication 

Eutrophication is a serious problem deteriorates the water quality in the aquatic ecosystem and ultimately 
environment health. Eutrophication mainly depends on some factors which are described below: 
1. Untreated sewage water and industrial waste water which is directly discharge into river, lakes, oceans that 
introduce large amount of nutrients that stimulates the rapid growth of algae into the water bodies which 
harmful for survive of aquatic life.  

2. Discharge of domestic sewage and phosphorus containing detergents contributes high quantities of nutrients 
and minerals in the aquatic ecosystem which triggers disproportionate growth of microscopic floating plants. 
As a result, dense growth of algal blooms which becomes polluted water bodies that is too much dangerous for 
aquatic organisms like fish, snails, crabs, tortoises and many other aquatic lives. 

3. Excess use of agricultural fertilisers on lawns and crop fields contribute to phosphate and nitrate containing 
nutrient accumulation in soil causes soil and water pollution.  

4. Events like floods, soil deposition, weathering rocks, erosion and natural flows of river and streams can also 
wash excess nutrients off the land into water system that causing excessive growth of algal blooms and also old 
aquatic bodies naturally accumulate sediments as well as phosphorus and nitrogen containing nutrients and 
minerals. 

 

Eutrophication Impact on Environment 
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Aquatic species diversity decreases quickly which effects on food chain and food web in aquatic ecosystem, 
ultimately it effects on environment. Eutrophication can have serious effects on ecosystem like rapidly 
increased biomass of phytoplankton resulting algal blooms. Decrease in water transparency by the rapid growth 
of phytoplankton in the water body can causes increased turbidity and it prevent the penetration of light into 
the lower depths of water body  and ultimate causes death. Eutrophication causes depletion of dissolved oxygen 
(Hypoxia) resulting in increased incidences of fish killing and dead benthic animals (Lemley and Adams 2018). 
Toxic or inedible phytoplankton species (Harmful algae) causes harm through the production of toxins which 
can affect co-occurring organisms and alter food web dynamics. These toxic products also increase human 
malady, mortality of fishes, birds and mammals following consumption or indirect exposure Harmful Algal 
Bloom (HAB) toxin and it also influence economic losses to coastal communities and commercial fisheries. 

Mitigation Strategies for Algal Blooms 

1. Artificial-Water column mixing. 
2. Removal of over-enrichment of nutrients. 
3. Regulation on nutrients run off from cultivated fields. 
4. Manipulating food web, enhances zooplankton grazers, copper-based algaecides and regular monitoring on 
biological and chemical composition of fresh water sources. 

Conclusion 

The major cause of eutrophication is excessive nutrient enrichment in the water body which many negative 
repercussions on aquatic ecosystem. Eutrophication mainly accelerates by rapid growth of algae (algal bloom) 
which causes vast enrichment of minerals and nutrients in the water body by discharge of nitrate or phosphate 
containing detergents, fertilizers, organic and inorganic sewage into an aquatic ecosystem. We should be 
prevented the excessive input of the nutrients in the water body and also filtrate the surface water and removed 
algal bloom from water body. Ultrasonic irradiation recently acts as an alternative solution to control algal 
bloom in aquatic ecosystem. The problem of Eutrophication is still very real and research is still being developed 
to decrease the water pollution caused by algal bloom. 

References 
1. Ansari, A., Gill, S., Lanza, G., and Rast, W. (2011). Eutrophication: Causes, Consequences and Control Volume. 1. 10.1007/978-90-481-9625-8. 
2. Lemley, D. and Adams, J. (2018). Eutrophication. 10.1016/B978-0-12-409548-9.10957-1. 

  



 

 
Volume 3 - Issue 01 - January 2021       507 | P a g e  
 

Biochemical and Molecular Basis of Survival Strategies in 
Nematodes 
Article ID: 10168 

R. Sharmila1, P. Mouniga1 
1Department of Nematology, Tamil Nadu Agricultural University, Coimbatore-641003, Tamil Nadu. 

 

Introduction 

1. Nematodes are renowned for their ability to survive severe environmental fluctuations. Their mechanisms to 
withstand temperature extremes, desiccation, and osmotic and ionic stress are the underlying biochemical basis 
contributing to survival.  
2. Highlighting parallels and contrasts between parasitic and free-living nematode groups, integrates strategies 
that enable nematodes to persist in the absence of food with tactics used by parasitic forms to survive the 
defence responses of a plant or animal host. 

Survival Strategies in Nematodes 

1. To survive unfavourable conditions, some nematodes are able to suspended development and survive in a 
dormant state until favourable conditions return. 
2. Dormancy is usually subdivided into two viz., Quiescence and Diapause. 
3. Quiescence is a spontaneous reversible response to unpredictable unfavourable environmental conditions 
and release from quiescence occurs when favourable condition return. 

Quiescence 

Quiescence can be facultative or obligate: 
1. Obligate quiescence: The environment affects a specific receptive stage of the life cycle. Ex: Quiescence of 
unhatched juveniles is a common survival strategy among soil nematodes, including species of cyst and root 
knot nematodes, R. reniformis, P. penetrans.  

2. Facultative quiescence: It is not stage specific. Adverse environmental conditions and the types of quiescence 
they induce include: 

a. Cooling  - Cyobiosis. 
b. High temperature  - Thermobiosis. 
c. Lack of oxygen – Anoxybiosis. 
d. Osmotic stress  -  Osomobiosis. 
e. Dehydration or desscation – Anhydrobiosis. 

Cryptobiosis 

1. Cryptobiosis is a further term that it connected with quiescent state. 
2. Cryptobiosis is where no metabolism can be detected, whereas dormancy involves lowered metabolism 
3. The further distinguished between dormancy affecting on to genetic development and that affecting somatic 
development. 
4. In contrast to quiescence, diapause is a state of arrested  development whereby development does not 
continue until specific requirement have been satisfied, even if favourable conditions return. 

Quiescence Particularly Anhydrobiosis 

1. The separating different types of quiescence is somewhat artificial as many of the environmental stresses 
involve removal or immobilization of water. 
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2. Ex: Desiccation concentrates body solutes and increase internal osmotic stress, exposure to hypersomotic 
conditions causes partial dehydration of a nematode, and freezing may involve dehydration through 
sublimation of water from the solid phase. 
3. Some species of plant parasitic nematodes to withstand dehydration for periods considerably in excess of the 
duration of the normal life cycle is a feature often associated with a dispersal phase 
4. In cyst of Globodera and Heterodera species. The physiology and biochemical aspects of dormancy has 
focused on anhydrobiosis  
5. The adaptation associated with desiccation survival serve primarily to reduce the rate of drying, either to 
prolong the time taken for the nematodes water content to reach lethal low levels, or in true anhydrobiosis. 
6. Nematodes anhydrobiosis can be grouped into slow-dehydration and fast dehydration strategies. Slow 
dehydration strategies depend on surrounding environment conditions to control water loss, whereas fast 
dehydration strategists such as the J4 of D. dipsaci, have physical and behavioural adaptations to control the 
rate of water loss. 

Behavioural and Morphological Attributes that Enhance Anhydrobiotic Survival 
1. The gelatinous matrix of species of Meloidogyne, which consists of an irregular of glycoprotein material, 
shrinks and hardens when dried, thus exerting mechanical pressure on the eggs to inhibit hatching during 
drought conditions and ensuring that the infective  J2 are retained within the protection of the eggs and matrix. 

2. The ability of cyst nematodesto survive severe desiccation varies considerably between species and long term 
anhydrobiosis to be associated primarily with those species such as G. rostochiensis, that have a very restricted 
host range. 

Biochemical Adaptations of Anhydrobiosis 

1. Only a few species are able to survive beyond the period during which water loss is controlled with these true 
anhydrobiosis, additional biochemical adaptation. 
2. At water contents below about 20% there is no free water in the cells. This 20 % usually referred to as bound 
water is involved in the structural integrity of micro molecules and macromolecular structures, such as 
membrane.  
3. The water content of desiccated anhydrobiotic nematodes is estimated to be about 1-5%. So, it is probable 
that the bound water has been lost, although there is no experimental evidence that nematodes can survive 
the complete loss of structural water. 

Conclusion 

1. Selective breeding is the most promising approach to enhance specific survival attributes, like desiccation 
and heat tolerance. 
2. The use of molecular information for genetic engineering of EPN is challenging. It will be possible to determine 
genes from the whole genome that are being expressed, in order to detect those that are involved in desiccation 
tolerance.  

Progress in these areas is vital to improve our understanding of desiccation tolerance in general, and may 
specifically result in identifying new ways of improving longevity and survival of the nematodes. 
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Introduction 

India is known for its vast diversity and agriculture. Organic farming is now the latest trend as it is non-hazardous 
in nature. Organic farming market opportunities in India is very high in demand India can target the processed 
organic banana with focus on the geographically closer Japanese market and the EU. 

Not only these countries India can expand their markets to other countries like Australia, Singapore, 
Netherlands etc., with all the possibilities comes the challenges also. The organic industry in India  have the 
potential to grow, if it is provided with steady investments and  benefits from both existing and new initiatives 
like food processing, certification etc. 

The problem occurs in three levels mainly producer, processor and consumer level challenges. These problems 
can be overcome by certain measures taken by government, by some initiatives and schemes .Certification in 
also a big process, not everyone can get, it has certain norms to obtain certificate. So based on the search, the 
result known is the outlet on the organic market continues to be good and there is huge scope for further 
growth. 

As per the definition of the United States Department of Agriculture (USDA) study team on organic farming 
“organic farming is a system which avoids or largely excludes the use of synthetic inputs (such as fertilizers, 
pesticides, hormones, feed additives etc) and to the maximum extent feasible rely upon crop rotations, crop 
residues, animal manures, off-farm organic waste, mineral grade rock additives and biological system of 
nutrient mobilization and plant protection”. 

Organic farming is a method of crop and livestock production that involves much more than choosing not to 
use pesticides, chemical fertilizers, genetically modified organisms, antibiotics and growth hormones. Organic 
food refers to food items that are prepared according to the norms set by an organic certifying body. 

On an overall basis, organic food is food prepared and processed without using any chemical fertilizers, 
pesticides, or chemical preservatives.  

The USDA categorizes food products into the subsequent sections: 
1. 100% organic: Must contain 100% organically produced ingredients. 
2. Organic: Must contain a minimum of 95% organic ingredients. 
3. Made of organic ingredient: Must contain at least 70% organic ingredients. 
4. Have some organic ingredients: May contain but 70% organic ingredients. 

Global Organic Production. 

Organic Cultivation Area 

According to the latest FIBL-IFOAM survey, approximately 69.8 million ha of land in the world was organically 
managed in the year 2017, including the area in conversion. The top 3 countries in organic cultivation are 
Australia with 35.6 million ha followed by Argentina with 3.4 million ha and China with 3.0 million ha. 

Organic Producers 

There are more than 2.9 million organic producers globally, with India having the maximum share (8,35,000 
farmers), followed by Uganda (2,10,352 farmers) and Mexico (2,10,000 farmers). More than 84%  of the 
producers are in Asia, Africa, and Latin America. 
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Top 10 Countries by Organic Cultivation Area in 2019 (in Million Ha) 

 

Global Organic Market 

The growth in the organic sector in terms of area, number of producers and market size grew significantly from 
2017 to 2018. The organic agriculture area grew to 69.8 million ha (20.76%), whereas organic producers grew 
to 2.9 million producers (7.4%) and organic markets grew to more than EUR 92 billion (15%) from 2016 to 2017. 
According to the FiBL survey, the data on the organic retail sale of food and beverages showed a CAGR 10.4% 
from 2000 to 2016 with the global sale having increased to US$90 billion in 2016 from US$17.9 billion in 2000. 
It is further projected to record a growth of over CAGR 16% during 2017-2020. Globally, organic farming is 
practiced in 181 countries, but the largest single market was the US (47%) followed by the European Union (EUR 
30.7 billion, 37%) and China (EUR5.9 billion, 6%). The highest growth (18%) was registered in France followed 
by Spain (16%). The highest per capita consumption with more than EUR 288 was Switzerland and Denmark. 
The highest organic market shares were reached in Denmark (13.3%) and Sweden (9.1%). With the increasing 
demand for organic products, there has been a persistent increase in the price of the commodities. The high 
price of organic produce is a barrier for consumers. To address this concern, global organic food manufacturers 
are working towards reducing the existing price difference between organic and inorganic food. Moreover, as 
demand for organic food products increases, product innovations and economies of scale would result in 
reducing the cost of production, further driving consumption of organic foods. 

Organic Production in India 

India currently holds the 8th position among 181 countries that actively practice organic agriculture. At present, 
the country is home to more than 8,35,000 organic producers, 699 processors, 669 exporters and 1.49 million 
ha area  under organic cultivation. However, with only a merger 0.4% of the total agricultural land area 
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designated for organic cultivation, the industry presents extensive scope for expansion. India has a remarkable 
potential to produce all varieties of organic products, owing to the existence of various Agro- climatic zones 
within its borders. The total area under organic certification was 5.71 million ha in 2017-18. This included 31% 
cultivable area with 1.78 million ha and 69% (3.93 million ha) forest and wild area for collection of minor forest 
produce. There was an increase in area at a CAGR of 6% from 2011 to 2016 and absolute growth of 29% during 
the same period. It is likely to grow at a rate of 8% -10% till 2020. Among the states, Madhya Pradesh has the 
largest area under organic certification (4.62 lakh ha) followed by, Maharashtra (1.98 lakh ha) Rajasthan (1.55 
lakh ha), Telangana (1.04 lakh ha), Odisha (0.96 lakh ha), Karnataka (0.94 lakh ha), Gujarat (0.77 lakh ha) and 
Sikkim (0.76 lakh ha). These states had a combined share of 90% of the area under organic certification. 

Production of Organic Crops in India by Category in Thousand MT for 2018 

In terms of organic crops, the combined share of the top 10 categories of organic food crops is around 99%. The 
top four categories (with a share of around 85) include sugar crops, oilseed, fibre and cereals and millets. 

Organic Market Scenario in India 

The organic markets in India are largely spread across the food and beverages, health and wellness, beauty and 
personal care and textile industries. The highest growth is observed in the organic food segment, followed by 
textile, beauty and personal care. The current Indian domestic market is estimated at INR40,000 million which 
is likely to increase by INR100,000 million — INR120,000 million by 2022 with a similar increase in exports. 
Today, the consumer can afford to choose products based on variety, quality, safety and convenience. In the 
last five years there has been transition from a “production-driven supply chain” to a “demand-driven value 
chain” especially with the organic market growing significantly. Even though India has the highest number of 
farmers currently engaged in organic farming at 8,35,000, the country accounts for less than 1% the global 
organic market pie which is valued at $90 billion in 2018. According to FIBL survey the market size for Indian 
organic packaged food is expected to cross ₹ 87.1 crores by 2021 from ₹ 53.3 crore in 2018, growing at a rate 
of 17%. The substantial growth of this sector is attributed to an expanding urban population base, rising health 
concerns, growing consumer spending on food products and deterioration of food quality. 

Supply Chain Enhancement 

One of the major issues in the organic food market is the mismanagement in the supply chain of organic fruits 
and vegetables. The main challenge is related to the cost and logistics which are included in the moving of locally 
or regionally produced organic produce. In the case of organic supplies, the time of reaching the fruits and 
vegetables from the time of the production to the end consumers matters the most due to its less shelf life. But 
since the demand of the organic products is rising, the need for solving the problems in the supply chain 
management is going to arise and the enhancement in the supply chain is expected in 2021. As per the above 
trends, the organic food market is expected to boom in 2021. Since the organic market in India is still on an 
emerging stage, the space for growth is tremendous. 

Organic Food Market 

Organic packaged food and beverages is an emerging niche market in India and its primary consumers are high-
income urbanites. The total market size for organic packaged food in India in 2018 was INR 633 million, growing 
at 19% over 2017, and is expected to reach INR 871 million by 2021. 

Organic Export Markets 

In addition to the growing domestic market, India is the 2nd largest exporter of organic products in Asia after 
China. The increasing export market coupled with the Government’s support is making organic cultivation in 
India highly successful. The major export destinations were the US, European Union, Canada and New Zealand. 
Oilseeds comprised half of India’s overall organic food export, followed by processed food products at 25.3%. 
As per the Agricultural and Processed Food Products Export Development Authority (APEDA), India exported 
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organic products worth Rs. 30 billion (over $440 million) in 2017-18, from Rs. 24.77 billion in 2016-17. More 
awareness and a rise in demand for organic food have helped in increasing sales. Now buyers are more aware 
of the harmful effects of chemical and pesticides. People have started looking for organic products for 
themselves and specially for their kids. Also, because of an increase in disposable income and awareness now 
families are spending more and more on their baby’s well-being and are ready to pay a higher/premium price 
in terms of quality of the product. 

Turnover of Top Organic Companies-2019 (in INR Crore) 

India’s exports of organic products increased by 19% between 2018 - 2019.  
Companies are witnessing notable growth as demand from metro cities increase with the entry of several new 
players in the organic food market such as Conscious Foods, Sresta, Eco Farms, Organic India, Navdanya and 
Morarka Organic Foods to name a few. 

 

Market Share in Packaged Foods and Beverages in 2018 

India-based Sresta Natural Bioproducts Pvt. Ltd. has emerged because the market leader, with 37% value share 
of the packaged organic foodstuff and seven .8% share of the packaged organic beverage market. It has 
increased its share of the organic foodstuff in recent years, while smaller niche players have taken significant 
share far away from it within the organic beverage market. 
1. Emerging trends of Organic Market. 
2. Increasing demand for organic food. 
3. Increasing use of online marketing channels. 
4. Increasing number of organic food restaurants and cafes. 
5. Increasing awareness regarding organic foods. 
6. Increasing investment in organic food companies. 
7. Increasing retail shelf space for organic products. 
8. Introduction of new product categories and varieties. 

Indian Organic Farming Market Opportunities 
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The UK, Netherlands, and Germany have a high demand for organic mangoes, which might be exploited by 
India. India can target the processed organic banana market (pulp, purees, and concentrates) with specialise in 
the geographically closer Japanese market and therefore the EU. India has good potential for the export of 
organic pineapples, as three major importing markets are the U.S., EU, and Japan. Indian organic vegetable 
producers are during a position to expand their market within the EU, Australia, and Singapore. With the ecu 
Commission having granted “equivalence” status to Indian organic certifying agencies, Indian organic tea 
producers are during a position to expand their markets in Europe, one of the leading tea consuming regions. 
India can target EU, especially the United Kingdom and therefore the Netherlands for export of grapes as there's 
a current consumption trend increasingly favouring organic wine, further increasing the demand for organic 
grapes. 

Organic Restaurant in India 

A restaurant in New Delhi named Fire at The Park which was re-launched about a year ago as an “earth-friendly” 
restaurant. Almost 80% of the ingredients on its seasonal menus are organic or bought in a way that their source 
can be traced. These include fish caught from the ocean and not farms, meats which will be traced to farms, 
grains bought from clusters of small farmers and native vegetables grown around the National Capital Region. 

Challenges in the Organic Sector in India 

The organic farming sector in India is entering a transformation stage due to an increase in new ventures that 
have begun to disrupt the market with their one-of-a-kind offerings. In an effort to promote a healthier lifestyle, 
these players are playing a pivotal role by providing consumers with wholesome organic produce. Since the 
organic food segment remains at a nascent stage in India, both the govt and personal players got to develop a 
robust policy framework which will benefit all involved. The organic farming industry in India holds immense 
potential to grow, provided it receives steady investment and benefits from both existing and new initiatives 
like incentivizing organic cultivation, food processing, certification and regulatory ease and tax benefits. Some 
of the challenges faced by the organic sector today can be grouped into three heads: 
1. Producer-level challenges. 
2. Processor-level challenges. 
3. Consumer level challenges. 
4. Producer-level challenges. 
5. Certification process. 
6. Certification standards. 
7. Lack of market for the pre-certification produce. 
8. Lack of standardization for the certification of different commodities. 
9. High dependency on agriculture. 
10. Lack of incentives for farmers. 
11. Lack of standardized organic agriculture inputs and subsidy on organic inputs. 
12. Lack of organic cultivation research and extension. 
13. An acute shortage of effective and viable methods of organic pest control. 
14. Processor-level challenges. 
15. Supply chain issues. 
16. Inadequate agricultural infrastructure and cold storage facilities translate to loss of produce thanks to 
spoilage. 
17. Due to difficulty in terrain or underdeveloped infrastructure in hilly, tribal and remote area. 
18. Global competitiveness. 
19. Lack of proper branding and packaging. 
20. Consumer-level challenges. 
21. Lack of awareness among consumers. 
22. The high cost of organic food products. 
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23. Limited availability of organic food products. 

Other Major Achievements to Promote the Organic Sector 

On 19 January, 2016 Prime Minister Narendra Modi declared Sikkim as the first state in the country to practice 
organic farming, not only in India but around the world. Sikkim banned the use of fertilizers and pesticides in 
farming in 2008 and 74,000-hectare land has been brought under organic cultivation across the state. The 
Government’s agricultural policy seeks to enable technically sound, economically viable and socially acceptable 
use of natural resources for organic agriculture. The policy will bring potential area for organic farming, 
sustainability in soil water conservation, strengthening rural economy and bringing value addition to organic 
produce through fair pricing and organized marketing system. 

Certification: To have consonance with the international standards, the subsequent bodies were formed in 
India to require steps to spot organic products: 
1. Agricultural and Processed Food Products Export Development Authority (APEDA) for implementing the 
National Programme on Organic Production (NPOP). 
2. National Centre for Organic Farming (NCOF) for implementing the Participatory Guarantee System in India. 
3. Food Safety and Standards Authority of India (FSSAI) for regulation of food safety standards of organic 
packaged food and beverages products. 

Third-Party 

In third party certification, the farm or the processing of the agriculture produce is certified in accordance with 
national or international organic standards by an accredited organic certification agency. To certify a farm, the 
farmer is usually required to interact during a number of latest activities, additionally to normal farming 
operations: 

Study the organic standards, which cover in specific detail what's and isn't allowed for each aspect of farming, 
including storage, transport and sale. 
1. Compliance — farm facilities and production methods must suit the standards, which can involve modifying 
facilities, sourcing and changing suppliers, etc. 
2. Documentation — extensive paperwork is required, detailing farm history and current set-up, and typically 
including results of soil and water tests. 
3. Planning — a written annual production plan must be submitted, detailing everything from seed to sale: seed 
sources, field and crop locations, fertilization and pest control activities, harvest methods, storage locations, 
etc. 
4. Inspection — annual on-farm inspections are required, with a physical tour, examination of records, and an 
oral interview. 
5. Fee — an annual inspection/certification fee (currently starting at $400–$2,000/year, in the US and Canada, 
depending on the agency and the size of the operation). There are financial assistance programs for qualifying 
certified operations. 
6. Record-keeping — written, day-to-day farming and marketing records, covering all activities, must be 
available for inspection at any time. 
7. In addition, short-notice or surprise inspections can be made, and specific tests (e.g., soil, water, plant tissue) 
may be requested. 

For first-time farm certification, the soil must meet basic requirements of being free from use of prohibited 
substances (synthetic chemicals, etc.) for a number of years. A conventional farm must adhere to organic 
standards for this period, often two to three years. This is known as being in transition. Transitional crops are 
not considered fully organic. 

Certification for operations other than farms follows a similar process. The focus is on the quality of ingredients 
and other inputs, and processing and handling conditions. A transport company would be required to detail the 
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use and maintenance of its vehicles, storage facilities, containers, and so forth. A restaurant would have its 
premises inspected and its suppliers verified as certified organic. 

Participatory Guarantee Systems 

Participatory Guarantee Systems (PGS) represent an alternative to third party certification,[4] especially 
adapted to local markets and short supply chains. They can also complement third party certification with a 
private label that brings additional guarantees and transparency. PGS enable the direct participation of 
producers, consumers and other stakeholders in: 
1. The choice and definition of the standards. 
2. The development and implementation of certification procedures. 
3. The certification decisions. 

Participatory Guarantee Systems are also referred to as "participatory certification" 

 

Certification Agency in India 

1. Indian Organic certification agency (INDOCERT). 
2. Gujarat Organic product certification agency (GOPCA). 
3. Sikkim state Organic certification agency (SSOCA). 
4. Aditi Organic certification Pvt. Ltd. 
5. Rajasthan Organic certification agency (ROCA). 
6. Karnataka state Organic certification agency (KSOCA). 
7. Odisha state Organic certification agency (OSOCA) etc. 

Food Safety and Standards Authority of India (FSSAI) 

No person can manufacture, pack, sell, offer for sale, market, distribute or import any organic food products 
unless they comply with the regulations. 

Organic foods should comply with provisions from at least one of the following: 
1. NPOP   
2. PGS- India  
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Other system or standards notified by the Food Authority: Organic labelling requirements should be accurate, 
in addition to the standard labelling requirements. All organic foods should comply with the Food Safety and 
Standards (Food Product Standards and Food Additives) Regulation 2011, and the Food Safety and Standards 
(Contaminants, Toxins, and Residues), Regulations, 2011. Sellers of organic foods will be required to display 
organic food items in a distinguishable manner from conventional food items. Organic food imports under 
bilateral or multilateral agreements on the basis of the equivalence of standards between NPOP and the organic 
standards of the exporting countries shall not be required to re-certify on import. All organic food consignments 
should be accompanied by a Transaction Certification (TC) issued by an accredited certification body covered 
under the terms of equivalence agreement. 

Satva Organics, Boriavi 
Devesh Bhai is computer engineer. He involved in bio-organic farming since 1992 in our village Boriavi. (Taluka 
– District – Anand, Gujarat, India). He got National Organic Certification by NPOP Govt. of India. He also 
processes products of his farm for value addition by using processing machine which they have innovated by 
their self.  Export products in Germany. Also have good market in Mumbai and participate in organic farmers 
fair and sell products and make contact of new customers. With good packaging and retail selling market 
nationally and internationally. 
1. Mainly focus on processed products like. 
2. Turmeric powder (for daily consumption purpose and medicinal purpose turmeric). 
3. Ginger powder, Chilli powder. 
4. Tea masala, Garam masala. 
5. Potato wafers. 

Heer Organics 

Yash Padhiyar’s Father is Diamond merchant in Surat. But now Yash is doing farming and also marketing of this 
organic product. Organic farming by cultivating vegetables like, Potato, Tomato, Okra, Spinach, Beet, Cucumber, 
and Onion etc.  
1. Marketing strategy. 
2. Social media. 
3. Track your food. 
4. Target audience. 
5. Door to Door delivery. 
6. Not much in processing. Sell directly. 

He wants to deliver organic farm products to every consumer as he currently serving small group of rich people. 

Successful Reasons 

1. Wide range of fruits and vegetables and other commodities can be grown organically. 
2. Food safety. 
3. Differentiation can be easily created. 
4. Farmers and government interests are rising in organic. 

Unsuccessful Reasons 

1. Short shelf-life varieties. 
2. Lack of farmer awareness about agricultural practices, products and technologies for organic farming. 
3. Lack of market information. 
4. Inadequate post-harvest management and related specialized infrastructure to support organic food 
production. 
5. Certification process. 
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Unsuccessful Organic Farmers 

Leeladhar Singh, a farmer from Madhya Pradesh’s Hoshangabad district, is losing patience. Since 2016, 
whenever he applies for crop loan, the bank deducts a part of the amount as premium for the Pradhan Mantri 
Fasal Bima Yoja na (PMFBY) before disbursing it. “They say the mandatory provision would insure me against 
crop losses. I have not received any money despite facing losses in the past four successive cropping seasons,” 
he says. 

Under PMFBY, launched in April 2016, the government appoints an insurance company, selected through 
bidding, to insure farmers in a cluster of districts against crop losses due to weather events, pest attacks or fire. 
The insurer charges the premium on an actuarial rate (an estimate of the expected value of future loss). Farmers 
under PMFBY pay a fixed 2 per cent of the sum insured for kharif crops and 1.5 per cent for rabi crops. The 
difference between the actuarial premium rate and the rate of insurance payable by farmers is shared equally 
by the state and Union governments (see ‘Has crop insurance worked for the farmers’, Down To Earth, 1-15 
August, 2017). Singh says he has to shell out almost Rs 6,000 every crop season as PMFBY premium.  
1. Loan form the government. 
2. The crop issues such as the pest attack and diseases. 
3. As the cost of the organic product is high the consumers may hesitate to buy the product.  
4. The transporting within the time. 

Conclusion 

India has a remarkable potential to produce many varieties of organic products. Also, the consumer’s interest 
in organic food has exhibited continued growth for the past two decades. Companies are also focusing on supply 
chain management in order to ensure high quality and supply continuity. But still the organic industry is facing 
many challenges like difficult certification process, lack of organic cultivation research and extension, supply 
chain issues, lack of proper branding and packaging, lack of awareness among consumers, high cost of organic 
food products etc. So, there is an urgent need to overcome the challenges in order to tap the market for growth. 
The outlook on the organic markets continues to be good and there is huge scope for further growth. 
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Abstract 

Now-a-days technology is been used in every corner of the world and many works are done easily by using 
technology. We can see development in usage of technology all over the world. And developing countries like 
India is also been stepping towards the maximum use of technology for different activities in different sectors. 

India is an agriculture-based country and more than 50% of population is depend on agriculture. It is said that 
agriculture is the back bone of Indian economy. To overcome the problems faced by farmers and to meet the 
food demand of increasing population there must be a change in agricultural activities. Using drone technology 
for better farming is one among the changes that we need to bring in for agricultural activities. 

Drone is also known as UAV (unmanned aerial vehicle) .In simple words drone can define as a flying robot. They 
are used for several purposes and now it’s been used in agriculture for performing various activities. Drones 
aids in agriculture with Mapping/surveying, dusting/spraying of fertilizers uniformly and efficiently, Irrigation 
Management it helps to survey the field which helps the farmers to understand their field mare properly, 
Livestock monitoring a new way to keep an eye on livestock and Plant counting is also done. There are different 
types of Drones Crop spraying drones, Seeding drones, Surveillance drones, NDVI (Normalized Difference 
Vegetation Index) drones. Impact of drone technology in agriculture is a positive trend. Food security is a 
question that needs to be addressed and effective solution is a high priority. Drone in agriculture can ignite a 
big change in improving efficiency of agriculture. Drones are alternative to lack of skilled human resource. Drone 
technology helps in better farming. Benefits of Drones in Farming are improvement production, efficiency, gets 
higher yields by identifies problems before they happen, increases crop health, awareness and frequency. With 
all these benefits there are certain drawbacks as it’s a very new technology in India, many farmers are not aware 
of this technology. Challenges faced by the farmers include – system issues safety issues, highly expensive, etc. 
and there are also certain rules to be followed given by Government. So, from various findings we came to know 
about the Adopting Drone technology in farming helps in feeding the increasing population, it will grow vastly 
in upcoming years, giving some freedom in using drones by government will help in more use of drones by 
farmers. Precision agriculture can be obtained by drone technology in agriculture. 

Introduction 

India is known as agriculture country and more than 50% of population depends on agriculture. Agriculture is 
the backbone of Indian economy. The population of India ranks second place in world. We can see population 
increasing day by day and there will be a great demand for food in future. Our Indian farmers face many 
problems while performing different types of agricultural activities, due to this they are not getting the expected 
yield. To overcome the problems faced by our farmers we need to introduce technology to do some agriculture 
activities. Introduction of drones in agriculture is a positive trend and it will give a positive impact. Drones in 
agriculture will lead to better farming. We can see use of commercial drones is increasing all over the world and 
doing a business of drones will also give us more profits in the upcoming years. Drones act as an alternative for 
unskilled human we use in agriculture, they perform the agricultural activities in a proper way and helps in 
increasing the yield. Drone technology can improve the production and efficiency of agriculture. This thing will 
attract farmers to use drone technology in their agricultural activities and increase their yield. So, we can see 
here that doing drones business will give profits to entrepreneurs and this business is going to have big success 
in coming years. 
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Drone technology in farming will be useful for farmers as well as it can be done as business in our country which 
will give profits and it will become more successful in future. 

What is Drone? 

 
Drone is a machine that can fly which is controlled by humans, in other words it can be defined as a flying robot. 
It is also known as UAV (Unmanned aerial vehicle). Drones are used for different purposes all over the world. 
They are used in different sectors all over the world. In world agriculture sector takes second place in usage of 
drone while industrial sector is at first place. In coming days there will be increase in usage of drones and 
business of drones will also increase. 

How Drones are Used in Agriculture? 

Drone technology in farming help farmers increasing in their production and performing their agricultural 
activities. Farmers will have more benefits if they adopt drone technology in agricultural activities. Drones can 
be used in agriculture in following ways: 
1. Drones are used for mapping/ surveying of field. They can solve the clarity issues and it also helps farmer to 
know the plant health. In addition to that drones can create detailed GPS maps of crop area which allows 
farmers to plan where crops are being planted to maximize land. 

2. Drones are used for crop dusting/ spraying. To maintain yields, proper fertilization and pesticide application 
is required. Crop spraying drones can carry large liquid storage reservoirs and can be operated safely. Humans 
take more time for completing this kind of activities whereas drones take less time to do spraying. 

3. Drones provide excellent insight into irrigation by highlighting areas that have pooling water or insufficient 
soil moisture. Drones in agriculture gave farmers a better way to understand their fields through more frequent 
inspections and surveying. 

4. Livestock monitoring: drones can be used for monitoring livestock also. Operator can check in on the heard 
to see if there any injured, missing, or giving birth. Drones gave farmers a new way to keep an eye on their 
livestock at all times, resulting greater profits. 

5. Plant counting can be done from aerial view with the help of drones. 

6. Diameter of plants can also be measured with the help of drones. 

7. Estimation of crop damage can be done with the help of drones. 

Types of Drones Used in Agriculture Sector 

1. Crop Spraying Dones 
2. Seeding Drones 
3. Surveillance Drones 
4. NDVI Drones: 

a. Crop Spraying Drones: This kind of drones are used for spraying fertilizers and pesticide application 
in crops. It will reduce time for doing these activities  
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b. Seeding Drones: These drones are used for sowing the seeds. These drones also complete the work 
in less time. 
c. Surveillance Drones: Used for surveying and mapping a field of farmers. 
d. NDVI Drones: These drones are used for measurement of plant health. 

Benefits of Using Drones 

1. Using drones in agriculture will increase yields of farmers and make profits to them it also increases the 
efficiency. 
2. It helps in getting higher yields by identifying the problems before they happen in field. 
3. It increases the crop health by doing inspections regularly. 
4. Drones can save time as they can setup and deployed quickly. 
5. Drones complete the work with less time when compared to humans. 
6. Generates maps for better crop planting and land management. 
7. Records data for future analysis. Stored data will help for planning in future farming. 

Indian Drone Companies 

Flying drones in India is legal and Indian drone laws came into existence from December 1st 2018. There are 
nearly about 50 start-up companies in India that are trying their best to raise the standards of drone technology 
in agriculture and other sectors. Some of the following are the companies which uses drones for agriculture 
purpose: 
1. Detect technologies. 
2. Aarav Unmanned Systems. 
3. Air wood. 
4. Asteria Aero space. 
5. Aurora Integrated Systems. 
6. Drone Nation. 
7. INDrone Aero Systems. 
8. Indrones. 
9. Kadet Defence System. 
10. Pigeon Innovative Solutions. 
11. Skylark Drones. 

The above mentioned are some companies that are supplying products with this technology to agriculture. 
Many companies are doing their best to increase the use of drone technology in farming they are conducting 
demos and promoting their products so that all farmers can come to know how drones are useful in agricultural 
activities and how farmers will depend in upcoming years for performing the agricultural activities.  

Skylark company is a successful start-up company that have used drone technology in agriculture. As it is difficult 
for all farmers to know about drone technology in agriculture this company came with a new idea, it got tie up 
with a Syngenta company so that all small and large farmers can come to know about drone technology and 
products that company offer. They have made a trial Andhra Pradesh state which was successful and farmers 
were showing more interest in using application of drone technology in farming. Skylark company has helped 
enable over more than 4700 acres of growth. 

Conclusion 

There are several challenges in application of drones in Indian agriculture, which is responsible for its limited 
adoption. There are certain regulations by government regarding the flying of the drones, which makes farmers 
think hard about it. Most of the farmers in our country are small and marginal with poor economic status. 
Therefore, they are not willing to spend money on any device and most of Indian farmers are not well educated 
so, they are reluctant to adopt this technology. 
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Currently drones can provide benefits to large farmers only when operated in large farms. This technology can 
be useful for small and large farmers if government provide subsidies to farmers for getting the drones. 

Drones have great potential to transform Indian agriculture with the advancement of technology in future. The 
product of drone is expected to become economical. Modern youth are not attracted towards farming due to 
hard work and drudgery involved in it. Use of drone’s technology may attract them towards the agriculture. 
Doing a business of drone technology will definitely give benefits as the future agriculture is going to adopt this 
technology and there will be a great demand for drones in future. 
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Introduction 

Citrus belongs to the genus Citrus of the family Rutaceae, and it is rich source of neutraceuticals such as ascorbic 
acid, carotenoids, limonoids, flavanones and vitamin-B complex (Ladaniya, 2008a). The Indian production of 
Citrus with an area of 1003 thousand hectares (15.41% of total fruit area) and production of 12546 thousand 
MT (12.88% of total fruit production) with a productivity of 12.50 t/ha. The states Gujarat, Madhya Pradesh and 
Andhra Pradesh are the leading producers of lime/lemon, mandarin and sweet orange respectively 
(Anonymous, 2018). 

Physiological disorders are the result of dysfunction or malfunction of physiological processes of the fruit tissues 
due to abiotic stresses (temperature, relative humidity, moisture/water stress, chemicals, and nutrient excesses 
and deficiencies) and are therefore distinct from disorders caused by biotic factors such as disease-causing 
pathogens and insect-pests. The physiological disorders caused by preharvest factors are granulation, fruit 
cracking, puffiness, superficial rind pitting, creasing and sunburn, post-harvest factors cause the chilling injury, 
oleocellosis, rind staining, peteca, stylar end breakdown and stem end rind breakdown (Ladaniya, 2008b). 

Citrus Decline 

Citrus decline is the integrated expression of many disorders and it is characterised by retarded growth and 
unproductive plants, in severe cases plants may die. The causes of this disorder are improper nutrition, 
excessive irrigation, pest incidence ( leaf miner, fruit sucking moth, lemon butterfly, aphid, psylla and mites), 
disease incidence (fungal and viral diseases), incidence of citrus nematode and burrowing nematode. Proper 
fertilisation, drainage, and use of resistant rootstocks and disease-free certified bud woods helps in reducing 
citrus decline (Rajesh kumar And Vinod kumar, 2016). 

Sunscald 

The sunburn in citrus fruits is caused by excess light and solar radiation. The severity of sunburn is more in heat 
or draught stressed plants. Sunburn disrupts the photosynthetic systems, ruptures the oil glands, it will lead to 
subsequent water loss and reduction in growth and yield of citrus fruits. The fruits affected by sunburn have 
the increased fruit flesh firmness, dry matter content, reduced relative water content and reduced titratable 
acidity. Anti-transparent, reflectants, kaolin spray, paper bags and shade nets are used to minimise water loss 
and appearance of sunscald in citrus (Rodriguez et. al., 2019). 

Creasing 

The creasing disorder of citrus fruit cause cracks in cell layers of albedo tissue of peel, depressions on rind and 
healthy areas of fruit becomes bulky with loss of turgor pressure, cell wall collapse, pectin degradation and 
promotion of pectin methyl esterase activity of albedo tissue. Cultural practices, climatic and endogenous 
factors are the cause of  creasing disorder. Application of GA3, synthetic auxins or mixture of both will reduce 
the intensity of physiological disorders like creasing, splitting, puffing and peel pitting. The application of GA3 
10-20 mg/l at fruit size of 30-40 mm or just prior to colour breaking stage of fruit will reduce the incidence of 
creasing disorder. Gibberellins make long term formative effects in albedo tissue, delay the senescence of 
albedo tissue and increase the compactness of albedo tissues (Agusti et. al., 2002). 
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Fruit Cracking 

Citrus fruit cracking is a serious pre-harvest physiological disorder and the range of incidence is 10–35%, which 
severely affects yield and fruit quality. There are three citrus fruit-cracking patterns viz. flavedo-splitting, inner-
cracking and albedo-splitting (fruit creasing or pitting). The factors like cultivar characteristics, weather 
conditions, rootstock, peel thickness, peel hardness and growth regulators cause the fruit cracking. The 
application of 2,4-D and NAA will reduce the incidence of fruit cracking (LI Juan and CHEN Jiezhong, 2017). 

Granulation 

Granulation is also known as vesicle drying, kaosan and crystallisation. The juice sacs of granulated fruits 
become hard, dry, get enlarged, greyish in colour with little juice content. The frequent irrigation, higher 
application of nitrogenous fertilizers, luxuriant growth following heavy pruning or fertilization, delayed 
harvesting, climatic factors, rootstock, fruit size, tree age and enzymes like peroxidase, superoxide dismutase 
are associated with this disorder (Sharma et al., 2006). 

Chilling Injury 

When tropical and subtropical fruits held below 10–15oC for certain period of time will cause the chilling injury. 
Limes, lemons and grapefruits are more susceptible to chilling injury than mandarins and oranges. The common 
symptom of chilling injury in citrus is the peel pitting and peel becomes brownish colour (Wills et al., 1998). 

Kohansho 

The low temperature and lighter crop loads will induce this disorder mainly in Navel orange fruits. The incidence 
of disorder is reduced by providing shade to reduce the light intensity (Chikaizumi et al., 1999). 

Oleocellosis 

The mechanical injuries damage the oil glands and release the phytotoxic oil will cause the oleocellosis. Other 
causes of this disorder are insect attack, hail incidence, bruising and via contact of damaged fruit with 
undamaged fruit. Oleocellosis incidence is mainly observed in limes, lemons and sweet oranges (Montero et al, 
2012). 

Stem-End Rind Breakdown (SERB) 

The collapse and darkening of flavedo tissue around the stem end of citrus fruits will leads to stem-end rind 
breakdown. The causes of this disorder are excessive dehydration of rind, and alteration of stomata number 
and wax cuticle thickness around the stem end. The incidence of disorder is more in aged, small sized and thin-
skinned fruits  (Lafuente and Zacarias, 2006). 

Stylar-End Breakdown 

The cause of this disorder is the rupture of juice vesicles by fruit drops during picking, and development of 
lesions will occur due to release of toxics from ruptured cells. The incidence of stylar-end breakdown is more in 
limes at stylar end of the fruits and it will gradually spread to the half of fruit (Lafuente and Zacarias, 2006). 

Conclusion 

The proper fertilization, irrigation, management of pests and diseases incidence, use of resistant rootstocks and 
certified seedlings will helps in reducing the incidence of physiological disorders, improves the fruit quality and 
productivity of citrus. 
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Abstract 

India is an agriculture-based country and more than 50% of population is depend on agriculture. It is said that 
agriculture is the back bone of Indian economy. Packing can define as covering the product with on or more 
suitable materials for ease in handling, transportation and marketing. This makes a product look distinct, 
attractive and withstand competition. Packing is recognised as an integral part of modern agriculture. The 
market status of packing industry is the fifth largest sector in India’s economy, accordingly to packing industry 
association of India (PIAI) this sector is growing at 24% to 275 per annum. The food packaging market of India 
is segmented by material, by the type of product and by application. The increase in the spending capacity of 
middle-income group, rapid expansion of organised retail and exports further facilitate the growth of the 
market. Current technology in packing industry are speciality film and laminates, multilayer blow melded 
containers etc. The current trend of packing industry is increasing the use of flexible packing, increase usage of 
tetra packs for diary and juice products, intelligent packing etc. we have flexible packaging (shape can be readily 
changed) innovative and sustainable packing (used by many popular brands like Amul, Mother Dairy etc. 
Intelligent and nano technology packing is also done. The market size of packaged food according to agricultural 
and agri-food Canada, the sales of packaged food in India amounted to USD 76,284.2 million in 2018. This also 
led for online retailing growth proliferation (such as Zomato, swiggy, dunzo etc) there are many challenges in 
Indian packaging industry, which are to reduce the import of packaging materials to produce those materials in 
India, etc. there are several steps taken by government such as form an expert committee to study packaging 
standards required to be met by the country. Packing industry gives lot of opportunities such as gives positive 
outlook for investments, government campaigns and growth of industries that have high demand for packing 
are inspiring many foreign companies to invest in India. These are key players in packaging industries in both 
national and international levels. 

Introduction 

The size of worldwide food packaging market was estimated at USD 303.26 billion in 2019, exhibiting a CAGR of 
5.2% over the forecast period. Growing demand for packaged food by consumers due to rushing step of life and 
changing eating habits had a great impact on the market. The product gives extended and stable shelf-life, high 
barrier properties, and safety, thereby increasing the market growth. 

Factors, for instance, comfort and utilization of superior material are relied upon to assist the business 
development. Improved shelf-life, combined with heightened efficiency in prevention of content 
contamination, is predicted to spice up the expansion of the market. Moreover, factors like rising population, 
rising disposable income, and shrinking households have a positive impact on the market. 

What is Packaging? 

Packaging are often defined as covering the merchandise with one or more suitable materials for ease in 
handling, transportation and marketing.  

It makes a product look distinct, attractive and withstand competition. Packing is recognized as an integral a 
part of modern marketing system. Packaging may be a trump of the marketer which may either make his 
product a trade book or ruin the image of the product. 



 

 
Volume 3 - Issue 01 - January 2021       526 | P a g e  
 

The Future of Packaging Industry in India 

The packaging industry of India is pretended to increase annually by 18%, flexible packaging accounts for 25% 
and rigid packaging at 15%. Packaging Gateway dives into this billion-dollar market to investigate the future of 
packaging industry in India. India ranks fifth position in packing. This sector is increasing at 22% to 25% per 
annum according to the Packaging Industry Association of India (PIAI),  

Trade and commerce trade association Assocham and global consulting firm EY study report revealed that the 
packaging industry in India is estimated to reach $73.6bn by the 2020 financial year (FY2020), due to India’s 
increasing population and income levels. 

India accounts seven per cent, 23 per cent in China; 45 per cent in the Philippines; and 188 per cent in the United 
Kingdom in value additions to food products. 

The Indian food and FMCG packaging market have shown an increase of 15-20 per cent in 2012. 80 per cent of 
the total packaging accounts for rigid packaging, 20 per cent for flexible packaging. 

The quality and shelf-life expectations of food products has grown due to change in food packing technology. 
Food packaging has given major importance due to increase in food wastage. 

Many new packaged food categories, like cheese, have started to enjoy popularity in Indian cooking. 

The trend gave more importance in dairy, such as probiotic yoghurt and low-fat milk and cheese, and in 
packaged rice, in which brown rice and other healthy variants were increasingly popular. The consumption of 
oats as tiffin and as a subsidiary in other products, such as noodles and biscuits, showed an increase over this 
period. 

Trends 

The food packaging questions of safety need to be addressed. It has to follow the rules and regulations given 
by the governing bodies to stop food contamination. 

Testing must be done to follow the principles with respect to movement of undesirable compounds from 
package to food. In the wake of possible food bio-terrorism attempts, the food packaging needs to ensure 
against microbial contamination and product tampering efforts. 

Antimicrobial packaging materials can be used to stop microbial growth. packaging material are coated with 
antimicrobial agents. 

New technologies are used in the food packaging industry to improve the shelf-life like vacuum packaging and 
modified atmosphere packaging. 

Active packaging is used to improve the shelf-life further by controlling and changing the headspace, repeatedly 
using absorbers and releasers. Self-heating and cooling packs are being developed for on-the-go snacks. 

Most of the developments are taking place in Intelligent packaging field. It uses smart devices like labels or tags 
attached to primary or secondary packaging to communicate information about the pack. 

To monitor storage temperatures or temperature abuses during transit we use devices like time temperature 
integrators whereas simple reversible temperature indicators can be used to indicate desired temperature for 
consumption. 

Freshness, leak, gas and microbial indicators give information about package integrity and safety. Electronic 
identification tags can be combined with indicators to automate sensing of information. 

As the world is shifting towards sustainable development, the pressure is on the packaging industry to go green. 
Guiding principles were given by Sustainable development to meet the needs of the present without causing 
any difficulty for future generations 

The target is using resources without exhausting them. The economy, the environment and society should be 
balanced while designing a package. The packaging functions should t be considered in the process 
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Types of Packaging 

1. Pharmaceutical packaging: Globally it is estimated that the pharmaceutical packaging has to be double to 
$149bn in a10 years and India is one of them. One pharmaceutical challenge India faces is its intensive 
dependence on plastic packaging, which has set off conversations on reusing and the lack of information to 
consumer regarding sustainability. Moreover, India’s pharmaceutical packaging market is creating innovative 
features like digital timers and alarms on pill bottles, dose monitoring and innovative mechanised blister packs.  

2. Food and beverage packaging: In recent years, India’s sustainable packaging has increased due to the 
increase of packaged food consumption and awareness, and demand for quality products. In India online food 
ordering has increased rapidly, Zomato introduced 100% tamper-proof packaging after a leaked video revealed 
a Zomato delivery driver opening and consuming customer food orders. Regarding India’s beverage packaging, 
70% of the total packaging market includes glass and rigid plastics makes. PET is the material generally used for 
packaging water, which makes 55% of India’s packaged water sector. 

3. Shift to flexible packaging: Due to multi-fold energy and environment benefits, the packaging industry seems 
to shifting towards flexible packaging. It uses all the possible characteristics of plastic, paper and aluminium foil, 
without compromising on the products freshness, barrier protection, durability, printability and ease of use. 
With its changeable nature, light weight, reduced cost and improved shelf life due to barrier properties, flexible 
packaging films have become the preferred choice over traditional packaging materials. 

Enhanced Functional Properties of Flexible Packaging 

Packaging deals with functional properties and aesthetic properties. With the continuous increase in the 
availability of packaged food products in the market, it is crucial for brands to use innovative packaging 
techniques it allows the product to remain fresh till it reaches the last consumer. 

Packaging materials should have barrier properties, which has the ability to stop the entry or exit of any foreign 
materials in to the food, for examples like High Moisture Barrier Films (HMB), which are metalized and corona-
treated on both sides for duplexes as well as a sandwich layer for lamination in snack foods, it withholds 
moisture in it. Other options are Aroma and Oxygen Barrier Films – they have ability to stop moisture and gas 
which are used for packaging of cream biscuits, chocolates, chips and snacks. 

Enhanced Shelf Appeal – Improvement of Aesthetic Values 

When looking through retail shelves, consumers have wide variety of options on a similar product, so the brands 
should make their products stand out from their competitors. Shelf appeal is important for the marketing to 
succeed. Flexible packaging for example, provides better aesthetics and also offers a better visibility of the 
product, allowing brand owners and product designers to think out-of-the-box. 

Sustainability 

In the last few years, sustainable products have given much importance. The consumer is focusing more on 
homogeneous due to increase awareness about sustainability. By-products of poly-olefin family of polymers 
include BOPP, CPP and PE which can be used solely or in mixed proportion to form mono-material 
(homogeneous) laminate structures without reducing its aesthetics and performance of the pack. BOPP and 
CPP films also offer benefit of better yield and in turn less consumption of plastics and overall lesser laminate 
cost. 

Intelligent Packaging 

Day by day Consumer expectations are increasing, and industries across the globe are modifying their products 
and systems to become smarter and reach the customers’ expectations. It has special feature4s like sensing, 
detecting, tracing, and recording and communicating to facilitate extension of shelf life, enhance quality and 
safety, provide information, and warn about potential problems. Intelligent packing uses all its special features 
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to identify counterfeit products, increase consumer contact with the help of smartphones, and avoid wastage 
through clear indication of freshness levels or expiry of the product. 

Opportunities 

The Indian working class is developing quickly and they just love to purchase. They are keeping watch for 
premium brands, particularly for ice cream parlour items like chocolates. In any case, the premiumisation 
pattern isn't just perceptible in chocolates, yet in addition in biscuits. These patterns are required to proceed 
even a very long time from now. Rural India gives development occasions to packaged food and refreshments. 
Just about 65 percent of the Indian populace lives in provincial areas. The country populace profits by interest 
in foundation and rising wages.  

Food processing companies are understanding the capability of provincial India and are attempting to extend 
their quality in these regions. They are dispatching their items in more modest pack sizes and at low value 
focuses to pull in customers. As India's soft drink market is gradually developing in urban India, rural India is the 
new objective for the vast majority of the makers of soft drinks. The government has put forth excellent 
attempts to advance interest in the business via diverting assets through different plans as sponsorships and 
awards. The schemes include the development of integrated cold chains, mega food parks (MFPs), modern 
terminal markets (MTMs) and bulk storage facilities, as well as the modernisation of markets, quality control 
laboratories and abattoirs. 

Steps Taken by Government 

The two most important types of packaging’s that are used today are Rigid type of packaging and flexible type 
of packaging. Rigid packaging accounts for 80 per cent market share and flexible packaging accounts for 20 per 
cent. 

Moreover, there is change in demand and there is increasing demand for flexible packaging. The flexible 
packaging has more advantages compared to rigid which include light weight, small pack size, energy saving, 
ease of storage and transportation and convenient disposal. 

Moreover, smart innovation for packaging liquids include spouted stand-up bags. The caps can be closed tightly 
to keep the product safe after pouring, for sauces, etc., stand-up pouches can be fitted with pour spouts and 
easy screw-on caps. 

It is very essential to bring awareness regarding the usage of advanced and best packaging and processing 
technologies, as Indian food and beverage industry has tremendous growth. 

India stands second position in producing of food and beverages after China, the market has a huge potential 
for foreign direct investment (FDI) concerning the technology of food processing and food packaging machines. 

VDMA India helps the Indian companies to connect with German companies in order to build cooperation, 
exchange technology and provide them with the newest information about innovations within the food 
packaging industry. 

Companies which are in Packaging Industry are 

International: 
a. 3M. 
b. Tetra Pak. 
c. Huhtamaki. 
d. Perfect Pack S.r.l. 
e. Ecobliss. 
f. Multivac, Bosch. 

National: 
a. Essel Propack, Uflex. 
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b. Balmer Lawrie. 
c. Ess Dee. 
d. max India Ltd. 
e. Ecoplast. 
f. Oricon Ent. 
g. Bajaj. 
f. AMD Industries. 
g. Jindal Poly Films Ltd. 
h. Flexituff, Polyplex Corp. 
i. Xpro India. 
j. Time Technoplast Ltd. 

Conclusion 

Food packaging technologies are improving continuously in response to lifestyle changes and the ever‐
increasing demand for high‐quality and safe foods. Advances in nanotechnology offer great potential for 
overcoming existing challenges associated with packaging materials and cost reduction. Finally, to increase the 
safety and effectiveness of new food packaging technologies and ensure the sustainable growth of modern 
societies, continuous research and development should be performed. 
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Introduction 

Industry defines as economic activity concerned with the processing of raw materials and manufacture of goods 
in factories. Foodservice or cooking industry characterizes those organizations, foundations, and organizations 
liable for any dinner arranged external the home. This industry incorporates cafés, school and emergency clinic, 
providing food tasks, and numerous different configurations. The companies that supply foodservice are called 
foodservice distributors. The Indian Food services industry is one of the most vibrant industries to witness rapid 
growth over the recent past. A few organizations fabricate items in both shopper and foodservice forms. The 
foodservice adaptation is bundled in a lot bigger modern size and regularly comes up short on the beautiful 
mark plans of the customer variant. The Indian food industry is ready for gigantic development, expanding its 
commitment to world food exchange each year because of its massive potential for esteem expansion, 
especially inside the food processing industry. The Indian food and staple market are the world's 6th biggest, 
with retail contributing 70% of the deals. 

Indian Food Service Market 

The food administration area is assessed to be esteemed at Rs 500,000 crore in 2021. The coordinated section 
is set to develop from the current 30% offer to 41 percent. All the information focuses to a major innovative 
unrest in the offing. With 2 percent of the foodservice market on applications, the business as of now brings 
forth 1,000,000 every day telephone orders, 30 million online requests, 200 million dynamic Internet clients. 
The portion of cell phone clients is relied upon to be 39 percent of PDA supporters by 2019. 

Major Players 

Major Players of Foreign Origin QSR Operating in India: 
1. Burger King. 
2. Domino's Pizza. 
3. Subway. 
4. Starbucks Corporation. 
5. McDonald's Corp. 

Major Players of Indian Origin QSR Operating in India: 
1. Haldiram’s.  
2. Bikanervala. 
3. Sagar Ratna. 
4. Yo! China. 
5. Jumbo King. 

Major Trends in the Food Service Industry 

1. In recent years, the first trend is the rising tendency of people to eat food which is prepared outside of their 
home, eventually increase growth in restaurant business.  
2. The second is the growth of home delivery and takeout segment of the market. So, it is clear that people are 
cooking less and they are more interested to dine out. 
3. Another trend is the growth of food courts in supermarket.  
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4. Due to change in lifestyle, customers usually prefer to eat out or order food from home, since last decade 
food service outlets are increasing at a very fast speed. 

Prospects of the Food Service Industry 

1. Growing populations and their vast demand for food. 
2. Government policies like, ‘Make in India’, ‘Start-up India.’  
3. Increase in consumers purchasing level/Power. 
4. Access to all branded food materials even at the village level. 
5. Changing lifestyle patterns. 

Future Prospects of Services Sector in India 

1. Organized sector: 
a. As Organized Retail Sector constitutes to 8% and it is estimated to be 20% by the year 2020. 
b. Indian Corporate like Reliance and ITC enter into segment along with various foreign brands. 
c. It has resulted in the establishment of departmental stores, supermarkets, rural retailing, e- retailing 
and luxury retailing. 
d. FDI in specialty stores: Multi-brand organized retail in specialty stores such as Consumer Electronics, 
footwear, furniture and furnishing etc. 

2. Unorganized Sector: 
a. The unorganized sector is still dominant in India with 92% in total retail market, since it has the 
advantage of low investment. 
b. Products are very important and crucial for traditional retailer as well as for the consumer. 
c. Unorganized retailers play an important role in this regard and are a vital part of the supply chain. 

Opportunities in the Food Service Industry 

Technology has disrupted Food Services industry in the following 3 key segments: 
1. Food Discovery/Restaurant Search. 
2. Table Reservation. 
3. Online Delivery. 

Major Challenges for Food Service Industries 

1. Unorganized and fragmented cold chain network: The nature of fragmentation in the industry can be 
estimated from the fact that more than 3,500 companies are engaged in cold chain operations in India. 

2. Lack of infrastructure and capacity: More than 35 per cent of India’s cold storage facilities have capacities 
less than 1,000 million tones and dedicated 75% of the CCW capacity to potatoes by leaving just 25% capacity 
for other products. 

3. Lack of Refrigerated Transportation: India transports approximately 104 million tons of perishable produce  
annually. Out of this, only 4 million tonnes are transported by reefers, while the rest 100 million tonnes move 
through non- reefer mode. 

4. Shortage of Manpower: 
a. It has been estimated that current supply available for trained manpower for the   entire hospitality 
industry is only 9-12%.  
b. With a fast-growing industry, the problem only multiplies and this is one of the main reasons 
hampering the further growth & development of the sector. 

5. Socio Cultural and Health Hazard of Fast Food: Increasing  health-conscious consumers, Fast food contains 
large amounts of carbohydrates, added sugar, unhealthy fats, and salt lead to poor health. Every one of those 
additional calories amount to additional weight, which is a contributing element for getting coronary illness. 
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6. Real Estate Sector: There is a shortage of quality real estate for the restaurateurs. Rentals destroy a generous 
piece of a café proprietor's income. 

7. Tax implications: 
a. The challenges faced by business owners within the restaurant and food service industry is complexity 
of tax regulations and the paperwork involved. 
b. During this covid 19 pandemic situation, the biggest challenge seems to be with Grocery Retail where 
consumers have to frequent to buy their daily needs. With many middle-class families running low on 
cash flow, during the so called “Pandemic Shopping”. 

Impact of COVID 19 on Food Service Sector 

1. Foodservice is the worst-hit sector in India, and globally.  
2. Dining-in for all foodservice establishments has been closed due to the lockdown. While food delivery is 
available sparingly, it accounts for less than 5% of foodservice sales.  
3. The closure of foodservice business will result in a decline in B2B demand. 
4. Although demand has increased exponentially, the limited infrastructure of online grocers is restricting them 
and they are only able to service their existing customers. 

Post COVID 19 Scenario on Food Service Sector 

1. Restaurants operating in malls will probably take the biggest hit – on one side, fewer people are expected to 
visit malls anyway in the short-term; two, those who are visiting are likely going to request higher cleanliness 
norms than at any other time, be it the cooks wearing headgear and veils on their mouth to an outrageous 
circumstance of CCTV inside the kitchen which radiates in the seating territory. 

2. Consumers going to pay more attention (& money) to hygiene standards at food outlets, be it grocery or  
neighbourhood restaurant to have regular evening snack – be it a Vada Pav - Pav bhaji or Dosa – Idli or at 
International QSRs or desi favourites. 

Conclusion 

Food service industry is growing at a fast pace because of growing economy, demographic advantage, changing 
lifestyles and favourable policy environment. In the modern era where people have everything except time, 
food service industry can fulfil their needs by adopting various channels and formats. Increasing cost of real 
estate, fragmented supply chain, lack of cold chain and  some socio-cultural factors and  health hazards are 
challenges for food service industry which needs to be overcome for tapping the existing potential. Service 
operations activities the executives are basic in the food service industry. The cafés are needed to reliably and 
ceaselessly plan, execute, assess and develop the different parts of the administration activities for ideal 
consumer loyalty, returns to and positive verbal. Indeed, unrivalled client assistance helps in growing great 
holding with clients which will prompt long haul relationship. In short Food Service Sector have lot of scope in 
India.     
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Development Issues of Indian Economy 

India receiving sustained growth rate but, it is still a low-income developing economy. Even today, nearly 25 
percent of India’s population lives below the poverty line. In India, many human and natural resources are 
under-utilized. In this article, we find out the economic issues in India. 

The Economic Issues in India 

India is a developing country and one of the fastest growing economies in the world, there are some unique 
economic issues in India which are given below: 
1. Low per capita income. 
2. Huge dependence of population on agriculture. 
3. Heavy population pressure. 
4. The existence of chronic unemployment and under-employment. 
5. Slow improvement in Rate of Capital Formation. 
6. Inequality in wealth distribution 
7. Poor Quality of Human Capital. 
8. Low level of technology.  
9. Lack of access to basic amenities. 
10. Under-utilization of natural resources.  
11. Lack of infrastructure. 
12. Demographic characteristics. 

Low Per Capita Income 

Usually, developing economies have a low per-capita income. Further, apart from the low per-capita income, 
India also having a problem of unequal distribution of income which leads to the problem of poverty. Poverty 
is a critical one and a big obstacle in the economic progress of the country. Therefore, low per-capita income is 
one of the primary economic issues in India. Even today, nearly 25 percent of India’s population lives below the 
poverty line. 

Huge Dependence of Population on Agriculture 

The Indian agriculture sector has managed to live up to the demands of the fast-increasing population of the 
country. About 64 per cent population of India lives in rural areas which are directly or indirectly depends on 
agriculture. In India, large amount of marginal and small farmer having 0-1 ha and 1-2 ha land respectively, In 
India, about 80 per cent farmers having marginal and small. These farmers face the problem of seasonal 
unemployment. 

Heavy Population Pressure 

Today, India is the second most-populated country in the world, the first being China. We have a high-level of 
birth rates and a falling level of death rates. In order to maintain a growing population, the administration needs 
to take care of the basic requirements of food, clothing, shelter, medicine, schooling, etc. Hence, there is an 
increased economic burden on the Indian Economy. 
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The Existence of Chronic Unemployment and Under-Employment 

The huge unemployed working population is another aspect which contributes to the economic issues in India. 
There is an abundance of labour in our country which makes it difficult to provide gainful employment to the 
entire population. Also, the deficiency of capital has led to the inadequate growth of the secondary and tertiary 
occupations. This has further contributed to chronic unemployment and under-employment in India. With 
nearly half of the working population engaged in agriculture, the marginal product of an agricultural labourer 
has become negligible. The problem of the increasing number of educated-unemployed has added to the woes 
of the country too. 

Slow Improvement in Rate of Capital Formation 

India always had a deficiency of capital. However, in recent years, India has experienced a slow but steady 
improvement in capital formation. The only way to improve the standard of living is to increase the rate of gross 
capital formation. 

Inequality in Wealth Distribution 

Unequal distribution of wealth is certainly one of the major economic issues in India. According to Oxfam’s ‘An 
economy for the 99 percent’ report, 2017, the gap between the rich and the poor in the world is huge. In the 
world, eight men own the same wealth as the 3.6 billion people who form the poorest half of humanity. In India, 
merely 1 percent of the population has 58 percent of the total Indian wealth. Also, 57 billionaires have the same 
amount of wealth as the bottom 70 percent of India. 

Poor Quality of Human Capital 
In the broader sense of the term, capital formation includes the use of any resource that enhances the capacity 
of production. Therefore, the knowledge and training of the population is a form of capital. Hence, the 
expenditure on education, skill-training, research, and improvement in health are a part of human capital. 

Low Level of Technology 

Any new technology requires capital and trained and skilled personnel. Therefore, the deficiency of human 
capital and the absence of skilled labour are major hurdles in spreading technology in the economy. Another 
aspect that adds to the economic issues in India is that poor farmers cannot even buy essential things like 
improved seeds, fertilizers, and machines like tractors, investors, etc. Further, most enterprises in India are 
micro or small. Hence, they cannot afford modern and more productive technologies. New technologies are 
being developed every day. However, they are expensive and people with a considerable amount of skill to 
apply them in production. 

Lack of Access to Basic Amenities 

In 2011, according to the Census of India, nearly 7 percent of India’s population lives in rural and slum areas. 
Also, only 46.6 percent of households in India have access to drinking water within their premises. Also, only 
46.9 percent of households have toilet facilities within the household premises. This leads to the low efficiency 
of Indian workers. Also, dedicated and skilled healthcare personnel are required for the efficient and effective 
delivery of health services. However, ensuring that such professionals are available in a country like India is a 
huge challenge. 

Demographic Characteristics 

According to the 2011 Census, India had a population density of 382 per square kilometre as against the world 
population density of 41 per square kilometre. 
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Further, 29.5 percent was in the age group of 0-14 years, 62.5 percent in the working age group of 15-59 years, 
and around 8 percent in the age group of 60 years and above. This proves that the dependency burden of our 
population is very high. 

Under-Utilization of Natural Resources 

India is rich in natural resources like land, water, minerals, and power resources. However, due to problems like 
inaccessible regions, primitive technologies, and a shortage of capital, these resources are largely under-
utilized. This leads to the economic issues in India. 

Lack of Infrastructure 

In India, lack of infrastructural facilities is a one of the serious problems. These problems included 
transportation, communication, electricity generation, and distribution, banking and credit facilities, health and 
educational institutions, etc. Therefore, the potential of different regions of the country remains under-utilized. 
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The beauty of roses enhances strength, honesty, compassion, co-operation, feeling expression and oneness. It 
enables us to understanding the purpose of working and flourish our learning ability. Roses play significant role 
in decoration, pharmaceutical industries, economical as well as aesthetical purposes. 

Introduction 

Rosa webbiana is a drought hardy shrub belonging to family rosaceae. It is commonly known as thorny rose, 
jangli gulab, webb rose and wild rose. It shows wide range of distribution such as Kyrgyzstan, Tibet, Tajikistan, 
Nepal, Turkmenistan, Uzbekistan, Kazakhstan, Afghanistan and Pakistan. In India, it is reported from Himachal 
Pradesh, Uttrakhand, Myanmar, Burma, Jammu and Kashmir and many regions of Ladakh. R webbiana is 
abundantly founds in mountain slopes, barren lands, roadside, cultivated fields and along the water channels. 
It is one of the dominant species of temperate zone. It is distributed at an altitudinal range of 2300–3800 m. 

Botanical Description 

 
R. webbiana attains upto 1-2 height, strong stems, but flexible twigs having flowering struture. Stem is yellowish 
pale or brown covered with numerous yellow prickly thorns usually in pairs, may lack on flowering twig. 
R.webbiana and R. macrophylla looks similar but lesser leaflet number and short calyx tips are identification 
traits of  R. webbiana leaflet 5-9, round, grey blue in colour. Flowers are raddish or light pink, pedicilate with oil 
glands and persistant in nature. Fruit berries are dark red and flask shape with dense pubescence toward inner 
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side covering seeds.  It flowering in month of May-June and fruiting in July-august. Berries of R. webbiana are 
harvested during summer when these turn in deep red colour and used in local herbal formulation or eaten as 
raw. During consumption fruits are separated from hairs around the seeds within fruit. These hairs can be 
causing irritation and ill effects on mouth and digestive tract, if consumed directly. R. webbiana is sun loving 
species grown in dry soils, heavy clay soils rich in silt pebbles or neutral soil but avoid water-logged soil. 

Economic Importance 

Plantation of R. webbiana around Vegetables and cash crops can help to protect from insect pest, disease and 
other predators. Plants in this genus are notably susceptible to honey fungus. Fruit - raw or cooked. The seed is 
a good source of vitamin E, it can be ground into a powder and mixed with flour or added to other foods as a 
supplement but there is only a thin layer of flesh surrounding the many seeds. The plant is abundant and 
traditionally grown temperate regions of North-western Himalayas, where it acts as living fences exclude 
livestock and wild animals from cultivated land. The spiny branches are used to making broom to eliminate 
debris and stones from roadside. It is also used to mark out land boundaries in cultivated land and wrapped out 
around the fruits or fodder yielding tress. It also provides wide range of economic properties including food, 
fodder, medicinal and agroforestry practices. 

Nutrient Richness 

The fruit of many members of this genus is a very rich source of vitamins and minerals, especially in vitamins A, 
C and E, flavanoids and other bio-active compounds. It is also a fairly good source of essential fatty acids, which 
is fairly unusual for a fruit. R. webbiana is being reported as a tribal food that is capable of reducing the incidence 
of cancer and also as a means of halting or reversing the growth of cancer. The plant is used in the treatment 
of jaundice and stomach ache. It is used to cure Jaundice, stomach ache, Hepatitis and cough cold. It is being 
investigated as a food that is capable of reducing the chance of cancer causing and also as a means of reversing 
or halting the tumour outgrowths. 

Propagation Methods 

Seed of R. webbiana are often dormant in nature and takes almost two years to germinate. It is due to need of 
warm weather after vernalization spell in term to embryo maturation and seed coat ruptures. Under lab 
condition, seeds are kept in peat up to 2-3 weeks at a temperature of 26 - 33°C and kept at 4°C for 4-5 months 
for germination. 

Conclusion 

R. webbiana need urgent documentation on ethnobotanical literature existing among tribal regions before the 
folk knowledge are completely demonised. The introduction of such species empowers floriculture sectors 
during the era of forest degradation, germplasm loss and climate change. Although, many cultivars may have 
derived from such wild species under the efforts of Governmental and self-funded organizations, working with 
modern conservation technologies for propagation. The conservation strategies not only enhance mass 
cultivation in field, but reducing selection pressure on other wild stock. 
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Abstract 

Franchise is a chance carrying immense growth potential, wherever associate degree enterpriser buys a tested 
business model and automatic recognition by paying a fee and a share within the revenue. to watch the present 
situation of Indian Franchise, 3 prosperous brands that is low day xpress, Goli vada pav, NIIT square measure 
studied totally. The brands are analysed on numerous parameters that is investment, expected returns, 
presence, future business chance. It's been found that over fifty brands underneath a dozen of sectors square 
measure sound on the doors of our country which incorporates foreign likewise as Indian brands. The shortage 
of a comprehensive legislation on franchising in Asian nation results in the relevance of multiple laws to a 
franchise dealing. Asian nation should develop the foresight to look at franchising business as generator of 
widespread employment and revenue and to produce a congenial legal and business atmosphere for profitable 
franchising relations 

Introduction 

1. The concept of franchising has recently been quite popular among most of the sectors in the Indian economy. 
However, although it has a presence in the agriculture sector, it is at a very nascent stage. 
2. With the help of the government initiatives such as NAFED and IFFCO, franchising in agriculture sector seems 
to be growing gradually. NAFED has 2000 franchise across 8 states (1400 in UP alone) for selling inputs, while 
IFFCO has started franchises in rural areas. 

What Is Franchise? 

1. An agribusiness franchise can be defining as right, permission, or licence granted by an agribusiness firm (the 
franchise) to distribute, manufacture or use the trade name of the former's products and services usually in a 
specified territory for a specified duration. 
2. Franchise- It is a license granted by a business to another business to sell goods and services. 
3. Franchisor- Owner who grants the license. 
4. Franchisee-The person who purchases the business name. 

Types of Franchise 

1. Business Format franchises.     
2. Area franchises. 
3. Trade-name Franchise. 
4. Distribution ships. 
5. Single & Multi unit franchise. 
6. Productive resources. 
7. Agricultural commodities. 
8. Facilitative services. 

Stages of Franchise Development 

1. Management factors: 
a. Development. 



 

 
Volume 3 - Issue 01 - January 2021       539 | P a g e  
 

b. Location. 
c. Existing units. 
d. Taxes. 
e. Ownership. 

2. Marketing factors: 
a. Brand image. 
b. Demand for products. 
c. Advertisement camping’s. 
d. Development of new products. 

3. Legislative factors: 
a. Condition of agreement. 
b. Duration of agreement. 
c. Operating standards and procedures. 

4. Human factors: 
a. Motivation. 
b. Leadership. 
c. Training. 
d. Flexibility. 
e. Standards of franchise. 

Favours from the Parent Company 

1. Location selection and advice. 
2. Multiplier effects of learning and transfer of management skills. 
3. Access to credit markets. 
4. Centralization of marketing. 
5. Managerial and administrative assistance relating to the procurement of inputs. 
6. Market dominance. 
7. Development of advertising materials. 

Disadvantages 

1. Lack of franchisor’s leadership. 
2. Lack of assistance and control  for franchise. 
3. Complicated or irrelevant business standards. 
4. Late or unpaid taxes from the  franchises. 
5. Unprotected brands. 
6. In appropriate and unprofitable business units as protype. 
7. In effective business and strategic planning. 
8. Un suitable training program. 

Franchise Role in India 

1. Franchise system has existence in India since mid-1990’s. It has been one of the most successful business 
models in the world and it is growing rapidly in India too.  
2. There are about 4,600 franchisors in India with 50% regional brands, 34% national& 16% global brands are in 
India.  
3. They estimate the number of franchise establishments increased 1.6% in 2017 and might increase to 1.9% in 
2018 to 759 thousand. 
4. Franchise employment is forecast to grow 3.7% in 2018 after growing 3.1% in 2017. 
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The output of franchise businesses in dollars is to increase about 6.2% in 2018 to $757 billion and grew 5.6% in 
2017 

Conclusion 

1. India was projected to regain its position as the fastest-growing economy in the world, with the country’s 
GDP growing to 7.2% in the last quarter of 2017. According to estimates, it may rise to 7.8% by 2019. 
2. The future of this field in bright and exciting. Transparency and government laws help in developing this 
sector. 
3. Agriculture in India requires larger participation from private sector to assist in promotion of farm level 
investment. 
4. Franchising also exists as successful business module for local companies in India in various sectors. 
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Introduction 

Genomic selection is a form of MAS that simultaneously estimates all locus, haplotype, or marker effects across 
the entire genome to calculate genomic estimated breeding values (GEBVs).  The concept ‘GS’ was first 
introduced by Haley and Visscher in 1998[1] and the term GS was coined by Meuwissen et al. (2001)[3].  This 
approach contrasts greatly with traditional MAS because there is not a defined subset of significant markers 
used for selection. Instead, GS analyses jointly all markers on a population attempting to explain the total 
genetic variance with dense genome-wide marker coverage through summing marker effects to predict 
breeding value of individuals [3]. A 4-year breeding cycle, including 3 years of field testing, can be reduced to 
only the 4 months required to grow and cross a plant. Thousands of selection candidates can be evaluated 
without ever taking them out to the field. 

The central process of GS is the calculation Genomic Estimated Breeding Value (GEBVs) for individuals having 
only genotypic data using a model that was “trained” from individuals having both phenotypic and genotypic 
data [3]. The population of individuals with both phenotypic and genotypic data is known as the “training 
population” as it is used to estimate model parameters. This will subsequently be used to calculate GEBVs of 
selection candidates having only genotypic data. These GEBVs are then used to select the individuals for 
advancement in the breeding cycle. Therefore, selection of an individual without phenotypic data can be 
performed by using a model to predict the individual’s breeding value [3]. To maximize GEBV accuracy, the 
training population must be representative of selection candidates in the breeding program to which GS will be 
applied. 

 
Fig.1: Principle of genomic selection [4]. 

Steps in Genomic Selection 

1. Establish a training population (Tr-P). 
2. Genotype the Tr-P at high density and evaluate for phenotypes under target environments. 
3. Estimate allele effects using the genotype and phenotype information of Tr-P. 
4. Determine the Test / Validation population (Tt-P). 
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5. Genotype the Tt-P at high/low density. 
6. Calculate GEBVs using the genotypes of Tt-P and allele effects. 
7. Make selections on the basis of GEBVs. 

 
Fig 2: Diagram of genomic selection (GS) processes starting from the training population and selection 

candidates continuing through to genomic estimated breeding value (GEBV)–based selection. Note that 
while we show here a single occurrence of model training, training can be performed iteratively as new 

phenotype and marker data accumulate [2]. 

Genomic Selection Methodology 

1. Training Population:  
a. Genotyped with a large number of markers and phenotype for important traits.  
b. Genome-wide markers are used to estimate all genetic effects simultaneously.  
c. One or more markers are assumed to be in LD with each QTL affecting the trait. 
d. Prediction model attempts to captures the total additive genetic variance to estimate breeding value 
of individuals based on sum of all marker effects.  

2. Breeding Population:  individuals are genotyped but not phenotype: 
a. A genomic estimated breeding value (GEBV) for each individual is obtained by summing the marker 
effects for that genotype. 
b. Prediction model is used to impose multiple generations of selection. 

3. The populations used in training population: 
a. A collection of inbred/advanced/DH lines representing the elite breeding germplasm  
b. A set of early generation lines. 
c. Segregating families of a biparental cross. 
d. Segregating families of a multi-parent synthetic. 

4. The populations used in testing/validating population: 
a. A collection of inbred lines coming out of the breeding programs every year. 
b. A set of early generation lines (Stage I- S2/S3 lines). 
c. 2nd cycle of segregating families of a biparental cross. 
d. 2nd cycle of segregating families of a multi-parent synthetic. 

5. Statistical concepts used in genomic selection: 
1. Stepwise Regression 
2. Ridge Regression BLUP 
3. Bayesian Estimation ( Bayes A, Bayes B etc.) 

GS emerged out of a desire to exploit high-density parallel genotyping technologies for prediction of genetic 
value for complex traits (Meuwissen et al., 2001). 

The marker effect can be estimated by the basic model, denoted as: 
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yi = g( xi) + ei 

Where, yi is an observed phenotype of  ith individual,  
xi is a 1 X p vector of genotypes on ith individual,  
g(xi) is a function relating genotypes to phenotypes, and 
ei is a residual term. 

Thus, the GEBV is generally equal to g(xi). 

GEBV - Genomic Estimated Breeding Value 

1. Use the markers to deduce the genotype of each plant at each QTL. 
2. Estimate the effects of each QTL genotype on the trait. 
3. Sum all the QTL effects for selection candidates to obtain their genomic EBV. 

Factors Affecting the Accuracy of GEBVs 

1. Relationship between training and breeding populations: In traditional MAS, a marker that is confirmed to 
have tight linkage with a target QTL or gene can be used as a selection marker in most breeding populations of 
that species. Therefore, breeders have not had to seriously consider the relationship between mapping 
populations and breeding populations. However, in GS, the relationship between training and breeding 
populations must be carefully considered with the single exception of a marker set where adjacent markers 
have significant LD intensities across unrelated individuals in a pool of breeding materials genotyped for the 
training populations.  

2. Population size: Several reports of simulation and empirical GS studies suggest that a larger training 
population size improves the accuracy of GEBV predictions. The ratio of the number of individuals in the training 
to the breeding populations varied in different studies.  

3. Number of markers: Generally, a greater number of markers is required for a population where the marker 
intervals with a significant LD intensity are shorter. In addition, empirical and simulation studies suggest that a 
larger number of markers improves the accuracy of GEBVs.  One of the obvious differences between GS and 
traditional MAS is the number of markers required for genotyping in a breeding population. In most GS studies, 
the whole set of markers used in the training population was also applied to the breeding or validating 
population. 

4. Types of markers: Most GS studies use SNP, DArT and simple sequence repeat (SSR) markers for genotyping. 
Dominant markers lead to a lower accuracy of GEBV prediction than co-dominant markers and employing 
haplotypes would improve the accuracy. The SNP markers required two to three times greater density 
compared with using an SSR marker to achieve similar accuracy. 

Advantages of Genomic Selection 

1. Increase genetic gain by increasing accuracy of selection. 
2. It reduce the length of breeding programme by. 
3. Select individuals before reproductive stage. 
4. Reduce/eliminate the need for progeny testing. 
5. Reduces the cost of  extensive phenotyping.  
6. Cost per unit gain is and time per unit gain is low. 
7. It estimate all genome wide marker effects. 
8. GS is useful for complex traits that are controlled by many QTLs with low heritability. 

Conclusions 

In order to increase the genetic gain of a population in a considerable short period of time, appropriate selection 
measures have to be implemented in a breeding programme. Genomic Selection has significantly increased the 



 

 
Volume 3 - Issue 01 - January 2021       544 | P a g e  
 

genetic gain per year.  The results have demonstrated that genomic selection is more effective than pedigree-
based conventional phenotypic selection. The continued advancement of high-through-put genotyping, 
statistical models for calculating GEBVs and improved GS breeding methodologies can accelerate in achieving 
high genetic gains in a short period of time. 
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Modern packaging systems are packages having both the function of a typical packaging material as well as 
serves as storage system by reducing the physiological activity of produce and preventing the proliferation of 
pathogens. 

Modified Atmosphere Package - MAP 

MAP does control of gas concentration (O2 and CO2) in atmosphere surrounding the commodity. Oxygen and 
CO2 can be controlled by the chemical (eg. polymers type) or physical (thickness) characteristics of the film and 
holes in the film. Oxygen and CO2 flux through the hole is propositionally greater in magnitude than water 
vapour and C2H4 flux because of their flux is driven by comparatively large concentration gradients. Oxygen 
diffuses faster than CO2 through hole on account of its grater diffusion coefficient. In contrast, all plastic films 
are relatively more permeable to CO2 than O2. Both CO2 than O2 (reactive gas) can be chemically scrubbed from 
packages and filled with inert gas like N2. 

Methods of Creating Modified Atmosphere Conditions 

1. Commodity generated or passive MA: First produce is packed in sealed plastic film. As result of respiration 
the produce and non/selective permeability of the package to oxygen, the concentration of the O2 reduced and 
concentration CO2 increased due to respiration thus generating MA. Film must allow O2 to enter the package at 
a rate offset by the consumption of O2 by the commodity and CO2 must be vented from the package to offset 
the production of CO2 by the commodity. This atmosphere must be established rapidly and without danger of 
the creation of injurious or high levels of CO2.  

2. Active packaging: This can be done by creating a slight vacuum and replacing the package atmosphere with 
the desired gas mixture. This mixture can be adjusted by the use of adsorbers or absorbers in the package to 
scavenge O2, CO2 or C2H4. Active modification ensures rapid establishment of the desired atmosphere. Ethylene 
absorbers can help to ensure the delay of the climacteric rise in respiration. CO2 absorbers can prevent the 
building up of CO2 to injurious levels.  

Package that offers a level of control over in-package conditions and how they vary with produce (e.g. ethylene 
production) and environmental (e.g. temperature) factors. E.g., Polymer film that can increase or decrease in 
permeability to O2 and CO2 as temperature rise and fall respectively.  

Modified atmosphere conditions are created inside the packages by an active modification and also using O2, 
CO2 and ethylene scavengers within the package. These scavengers may be held in small sachets within the 
packages or impregnated in wrappers or into porous materials like vermiculate. The smart wrap, which contains 
a permeable membrane impregnated with an ethylene absorbent, an anti-fog material to avoid moisture 
condensation and a slow-release fungicide to inhibit the mould growth.  

Inadequate (high) temperature and differences in the gas diffusion across plastic films as compared to those of 
physiological process such as respiration increases the anaerobic condition may occur in sealed plastic film 
packages. This risk is minimised using safe foil (eg. low melting point polymer) or variable aperture devices (eg. 
bimetallic strips) to regulate formation and/or size of the holes. Advances in microelectronics, biosensor and 



 

 
Volume 3 - Issue 01 - January 2021       546 | P a g e  
 

polymer sciences may develops the film that actively sense and respond in a controlled way of stimuli, such 
increase in temperature.  

3. Oxygen absorbers: Most commonly available O2 absorbers include Ferrous oxide (FeO): Iron is main active 
ingredient in powdered form becoming Fe2O3 and Fe3O4 and its hydroxides after absorption of O2.  

4. CO2absorbers: They are hydrated lime, activated charcoal, magnesium oxide.  

5. Ethylene Absorbers/scrubber: Compounds that can be used for ethylene absorption within polymeric film 
packages are potassium permanganate KMnO4 absorbed on celite, vermiculite, silica gel or alumina pellets. 
They oxidize ethylene to CO2 and H2O. Squalene and phenyl methyl silicon can also be held in small sachets 
within the packages or impregnated in the wrappers or into porous materials like vermiculite. 

Films Available for MA Packaging 

1. LD Polyethylene. 
2. HD Polyethylene. 
3. Polyethylene - Cast and Oriented. 
4. Rigid PVC.  
5. Ethylene Vinyl Acetate. 

Moisture Management 

Water condensation in packages can be reduced by use of micro (pin-hole size) or macro-perforated films. In 
heat shrink wrap film (e.g., citrus), condensation is not a problem because the film is in intimate contact with 
the fruit and assumes the same temperature as the fruit. In case of loose wrapped produce (e.g., cut flowers 
with in carton liner and fruit in a consumer pack), condensation can be reduced by using simple newspaper or 
slats in spun bonded polythene sachets. Anti-fogging film and film with relatively high-water permeability can 
be used (e.g., cellophane and PVC). Water absorbent is incorporated into packages to absorb and hold the free 
water. E.g., Silica gel in dry fruits packing. 

Insulation and Dry Ice 

In absence of refrigeration, a certain level of temperature control during postharvest handling can be achieved 
with insulation (e.g., polystyrene boxes) and heat sinks provided inside the packaging (e.g., loose ice or ice 
packs). Use of external reflective and/or insulative covers (e.g., thermal blankets) and heat sinks (e.g., dry ice) 
can assist or provide an alternative to, temperature control management. Plastic impregnated with chemicals 
capable of absorbing ethylene gas are also being researched. 

Individual Seal / Shrink Packaging Technique 

Individual seal packaging, which may be considered as the MAP for an individual fruit, involves sealing of a fruit 
in a plastic film with or without heat shrinking to confirm the shape of a fruit. Individual seal packaging would 
help to reduce the fruit decay by prevention of secondary infection during long term storage or shipment. Seal 
packaging has been found to extend the shelf life of several fruits like apple, pear, kiwifruit, citrus and 
pomegranate. 

Grape Guard 

Grape guards are chemically treated paper-sheets using active ingredient - Anhydrous Sodium Bisulfite 
(Na2S2O5). Grape guard paper is a special chemically treated cellulosic antifungal paper that regulates the 
release of SO2 concentration at around 80 ppm for over 12 weeks at a time in each individual carton of grapes. 
Their function is to preserve the quality of grapes in store and transit by control of decay. Grape guards improve 
quality by obtaining sturdy, bright un-shrivelled appearance of fruit.  

They are available in two types: 
1. Quick release grape guard. 
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2. Dual release grape guard. 

Quick release grape guard retards decay development up to three weeks at 0o C. It can help for a few days to 
control decay without refrigeration. Dual release grape guards can be used for decay retardation up to 12 weeks 
in storage or transit with refrigeration facilities. It is effective only at 00 C.  

Corrugated fibre board boxes three ply with a capacity of 2 kg and 5 kg having a dimension of 25x20x12 cm is 
being used for packing. Use of fresh paper shavings as cushioning material to minimize transportation damages 
to the grape bunches is advocated. Different packaging materials like kraft paper, butter paper and soft tissue 
paper for preparation of grape guard is used. Grape guard containing 6 and 9 gram of sodium bisulphite is good. 
Berry decay and berry drop was controlled by the use of grape guards with containing 9g sodium bisulphite. 
Grape guards containing sodium bisulphite extended the shelf life of Thompson Seedless, Anab-e-Shashi, 
Dilkush and Sharad Seedless grapes up to 14, 8, 8 and 16 days respectively at ambient temperature and up to 
75, 60, 75 and 85 days respectively under cold storage conditions. 

Packaging of Flowers 

Packaging of flowers is to assemble the produce into convenient units for better handling. Good packaging 
protects the flowers from physical, physiological, microbial, biochemical deterioration throughout storage, 
transport and marketing. 

Bunch 10 - 20 flowers based on size, colour of individual flower heads. Bunch of flowers should be tied with 
rubber bands or tape or wire below the flower head and about two inches from the cut stem ends. Bunched 
flowers are wrapped with plastic sheets or absorbent paper or wax paper to prevent them from becoming 
entangled with each other.  

Wrapped flowers are packed in alternate layers in fibre board or foam box. The flowers of gladiolus, freesia and 
snapdragon should be kept in vertical position to avoid bending of tips during transport. Rolled newspapers 
should be placed below the flower heads to minimize the mechanical injury. 
Card board boxes - Rose, carnation, orchids, anthurium, gerbera. 
Jute gunny bags - Gladiolus, tuberose. 
Bamboo baskets - Chrysanthemum, jasmine, marigold. 

Dendrobium and anthurium are individually packed by keeping in specially designed vials filled with water or 
preservative solution or in moist wool. 
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Introduction 

Nursery is a place where seedlings are grown before transplanting them in the main plots. Generally, seed are 
to grow vegetables and to raise seedlings. Therefore, quality of seed is very important based on which the 
vegetable seed are sown. There are some vegetables which cannot grow directly by sowing the seed in to the 
plot. For example, Tomato, Binjal, Capsicum, Cabbage and Cauliflower, seedling first needs to be raised and 
then transplanted in the plot. Generally, the seeds are covered with a layer of soil after sowing. While there are 
some other vegetables whose seed need to be direct sowing in the main plot such as mustard, okra, legumes 
etc. In many cases, if the seed are sown too close to the surface the risk is greater that they will be dried out by 
the sun or eaten by birds or rodents. There are several different types of vegetable seeds based on their size 
and it is important to maintain to correct distances between plant to plant and row to row distances. 

Vegetables are those annual plants of which immature succulent plants are commonly used for culinary 
(cooking) purpose and also those perennial non-woody plants of which the stem, root, leaves, flowers, fruits 
and tubers are eaten. Vegetables are considered as protective foods and also play an important role in providing 
a balance diet contains adequate energy source (CHO), vitamins, minerals, fat, easy digestive fibre and protein. 
A most of the protein (60.2%) consume in India is from cereals. About two million people in the world, suffer 
from deficiency of vitamins and minerals. Most affected are women and children. Vegetables being chief source 
of proteins, Vitamins, minerals play a significant role in correcting nutrient deficiency. According to National 
Institute of nutritional Hyderabad, the daily requirement of Nutrients proteins, vitamins, minerals etc., can be 
met if an individual takes 280g vegetables per day. This should include 110g leafy vegetables, 85g of root of 
tuber vegetables at present the vegetables consumption in India is only 210g per head per day. 

Indian total vegetable production is 91 million tons, whereas total requirement is 110 million tons/year. The 
World Health Organization recommends daily consumption should be 400 g excluding potato. According to this, 
per capita of vegetables requirement should be 146 kg per year. The average world consumption of vegetable 
is around 85kgs per person per year. Vegetables are called protective fruits as their consumption prevents 
several diseases to get maximum benefits of their nutrient’s vegetables should be consumed much as for as 
possible. While cooking it should be ensured at their nutritive value should be preserved maximum. Vegetables 
are rich and comparatively chief source of vitamins and minerals. Their consumption is very important for 
maintaining good health and protective from degenerative diseases. Vegetables neutralizers acids, produced 
during digestion of protein and fat rich foods. 

In off-season vegetable growing, the seed are sown once in the nursery and grown seedlings were transplanted 
in the main field. During that time, there are very much vulnerable with temperature, water, light, insects, pests 
and diseases. The seedlings are very weak immediately after transplanting from the nursery bed. Therefore, it 
is necessary to grow seedling in the nursery rather than growing them in the main plots. 

Selection of Site 

The following are considered while selecting nursery area: 
1. The area should be free from the water logging. 
2. It should be always away from shade to get desire sunlight. 
3. The nursery areas should be near the water supply. 
4. The area should be fenced from the pet and wild animals. 
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Soil and Soil Preparation 

Soil should be loam to sandy loam, lose and friable, rich in organic content and well drained for raising 
vegetables seedling the soil pH should be 7.0. Soil preparation needs a deep cultivation of nursery land either 
by soil turning, ploughing by spade and subsequent 2-3 hoeing with cultivator. Remove all the clods, stones, 
and weeds from the field and level the land. Mix 100 kg well rotten and fine FYM of 500 g vermicompost per 
square meter mixed in the soil. 

Soil Treatment 

Soil solarization for about 4-5 weeks on the ploughed soil covered with the plastic tunnel is better. Drenching 
of the soil 15-20 days earlier of sowing at four to five litres of water with concentration of 1.5-2 per cent of 
formalin solution per square meter and covered with the plastic sheet. Application of the fungicide like Captan 
and Thiram which will also kill the pathogens of five to six g of any square meter nursery area. Furadon and 
Heptachlor are some insecticides which are mixed in the dry soil at four to five g per sq. meter and should be 
mixed up to the depth of 15-20 cm for nursery preparation. Supply of the hot steam at least 4 hours continuously 
under the covered polythene sheet and allow the soil for the seed bed preparation. 

Nursery Bed Preparation 

Nursery bed should be prepared according to the crop and seasons, where raised beds are prepared in the rainy 
seasons and flat beds are prepared for the winter and summer seasons. Prepare soil mixture in the ratio of 2:1:1 
of soil, sand and well rotten FYM or vermicompost and fill the mixture in these seedlings raising structure so 
that drainage of the excess water on the structure is easy and avoids lodging. 

Raised Nursery Beds 

The width of 1 m with 15-20 cm high from the ground level of a raised bed is prepared. A space of 30-40 cm is 
left between two beds and ultimately it converts in to furrows. The nursery bed should be smooth and slightly 
raised in the centre compared to the margin for easy drain of the bed. The bed should prepare in the east and 
west direction and line should be made north to south on the beds. 

Requirement of Seeds and Area to Raise Seedling 

The seeds and areas for raising the seedling may vary according to the soil, crop, seasons and methods of the 
nursery raising. The detail is given below: 

Vegetables Seed rate (g) Area required (cm2) 

Tomato(hybrid) 200-250 75-100 

Tomato (Open Pollinated) 400-500 100-125 

Brinjal 400-500 75-100 

Chillies 500-600 75-100 

Capsicum 400-600 100-150 

Early flower 700-750 100-150 

Mid late flower 400-500 100-150 

Cabbage 450-500 75-100 

Kohlrabi 700-750 100-150 

Onion 8000-10000 500 

Sowing of Seeds in the Nursery 

After the seed bed is prepared then the seed are sown in the nursery bed in the different way. Those methods 
are as follows. 
1. Broad cast methods: Seeds are broadcasted in the prepared nursery bed and later on the seeds are covered 
with well rotten fine sieved and treated FYM or compost. The major disadvantage of this method is there is 
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uneven distribution of seeds in the nursery becomes dense but this method is the commonly used and 
practiced. 

2. Line Sowing: Line sowing is the best method of sowing in the nursery. Lines are made 0.5-1 cm deep parallel 
to the width at the distance of 5 cm from the line. The seeds are sown or placed singly at the distance of about 
1cm apart. Cover the seeds with the fine mixture of soil, sand and FYM in the ratio of 1:1:1 .After covering a 
light irrigation must be given with the fine rose can. 

The advantages of the line sowing are as below: 
a. Each and every seedling will be healthy, bold and uniform. 
b. Less seeds are required as compared to the broadcasting method. 
c. Every seedling will get uniform light and air. 
d. Weed management of seedbeds will be easy. 
e. Easy to look after the seedling if there is any disease or insect causing damage. 

In hot weather condition, organic mulched shading nets are used to protect the nursery from the direct sunlight: 

Vegetables Germination(days) Vegetables Germination(Days) 

Tomato 5-7 Sovay cabbage 4-5 

Brinjal 5-6 Kale 3-4 

Chillies 7-8 Brussels sprouts 3-4 

Cabbage 3-4 Celery 10-15 

Kholrabi 3-4 Chinese cabbage 3-4 

Onion 7-10 Broccoli 3-5 

Endive 3-4 Sweet  Marjoram 10-12 

Chicory 3-4 Lettuce 4-5 

Cauliflower 3-4 Sorrel 8-10 

Removal of the Mulch 

As and when the white thread like structure is seen above the ground level, remove the mulch carefully to avoid 
any damage to emerging plumules. Always remove mulch in the evening hours to avoid harmful effect of the 
brighter sunlight on the new emerging seedlings. 

Use of Shedding Nets 

After seed germination during the seedling growth, if  there is very high temperature (>30°c) than beds should 
be covered by 50% or 60% shedding nets of green /green + black colour, about 60-90 cm above ground by the 
use of suitable support. 

Watering 

The nursery bed requires light irrigation with the help of rose can till seed get germinated. Excess rainwater or 
irrigated water should be drained out and when it is required. If the temperature is high open irrigation is 
applied. Need no irrigation during the rainy days. 

Thinning 

It is important operation to remove weak, unhealthy disease, insects, pests damaged and dense plants from the 
nursery beds keeping distances of about 0.5-1 cm from plant to plant. The thinning facility balance light and air 
to each and every plant. 

Plant Protection 

Damping off of seedling, light blight disease and leaf minor and borer infect the seedling in the nursery. The 
care for controlling them in time is essential. 
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Hardening of the Plant in the Nursery 

The term hardening includes any treatment that makes the tissue firm to endure better during unfavourable 
environment like low temperature high temperature and hot dry wind. Hardening is the physiological process 
of whereby plant accumulates more carbohydrates reserve and produces an additional cuticle on the leaves. In 
the process seedling are given some artificial shocks at least 7-10 days before uprooting and transplanting. 
Seedlings are exposed to the full sunlight, all the seedling needs, polythene sheets should be removed and 
irrigation is stopped slowly and slowly. 

Technique of Hardening 

Hardening can be done by following ways: 
1. By holding watering to the watering to the plant by 4-5 days before transplanting. 
2. Lowering the temperature also retards the growth aids to the hardening process. 
3. By application of 4000 ppm Nacl with the irrigation water or by spraying of 2000 ppm of cycoel. 

Advantages of Transplanting of the Seedling 

1. It helps from purchasing of the costlier seeds. 
2. Ensures proper utilization of the land. 
3. Easiness for the better growth and development. 
4. Possibility of extension of the transplanting of the seedling until the favourable time. 
5. Preparation of seedling even in the adverse situation. 
6. Easiness for the care and maintenances because of the handy area. 
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Introduction 

Vegetables are those annual plants of which immature succulent plants are commonly used for culinary 
(cooking) purpose and also those perennial non-woody plants of which the stem, root, leaves, flowers, fruits 
and tubers are eaten. Vegetables are considered as protective foods and also play an important role in providing 
a balance diet contains adequate energy source (CHO), vitamins, minerals, fat, easy digestive fibre and protein. 
A most of the protein (60.2%) consume in India is from cereals. About two million people in the world, suffer 
from deficiency of vitamins and minerals. Most affected are women and children. Vegetables being chief source 
of proteins, Vitamins, minerals play a significant role in correcting nutrient deficiency. According to National 
Institute of nutritional Hyderabad, the daily requirement of Nutrients proteins, vitamins, minerals etc., can be 
met if an individual takes 280g vegetables per day. This should include 110g leafy vegetables, 85g of root of 
tuber vegetables at present the vegetables consumption in India is only 210g per head per day. 

Indian total vegetable production is 91 million tons, whereas total requirement is 110 million tons/year. The 
World Health Organization recommends daily consumption should be 400 g excluding potato. According to this, 
per capita of vegetables requirement should be 146 kg per year. The average world consumption of vegetable 
is around 85kgs per person per year. Vegetables are called protective fruits as their consumption prevents 
several diseases to get maximum benefits of their nutrient’s vegetables should be consumed much as for as 
possible. While cooking it should be ensured at their nutritive value should be preserved maximum. Vegetables 
are rich and comparatively chief source of vitamins and minerals. Their consumption is very important for 
maintaining good health and protective from degenerative diseases. Vegetables neutralizers acids, produced 
during digestion of protein and fat rich foods. 

Root vegetables, cabbage, pea and beans provide valuable roughage (fibre) which promotes digestion and help 
in preventing constipation. Vegetables also help the body to eliminate excess of liquid and salts the diuretic 
action of vegetables like potato, radish, turnips, beans, spinach (palak) and eggplant (brinjal) are important for 
kidney, Odem swelling and heart condition, whereas colic acid is rich in leafy vegetables and beans which 
reduces the risks of colon cancer, cardio vascular diseases and also important for fetus development. 

Vegetable crops are short duration hence, more of (vegetables like) crops cab be grown per year vegetables like 
onion, potato, chilli etc. have very good export potential. 

Types of Vegetable Garden 

Vegetables farming can be classified in to various types depending on the cultivation method, area of cultivated 
and purpose of vegetable production, based on their interest, the vegetables cultivation is classified in to the 
following types of garden: 
1. Kitchen garden / Home garden. 
2. Market garden. 
3. Truck garden. 
4. Garden for vegetable forcing. 
5. Vegetable garden for processing. 
6. Vegetable garden for seed production. 
7. Vegetable garden for export. 
8. Organic vegetable garden. 



 

 
Volume 3 - Issue 01 - January 2021       553 | P a g e  
 

9. Floating vegetable garden. 
10. Hydrophonics. 

Kitchen Garden 

It is defined as growing of vegetables in the residential houses to meet vegetable requirement of the family 
throughout the year. In this garden healthy and residual free vegetable can be obtained. It is grown in the 
backyard of the house. It should be near the water source. It should never be located under shady area and 
should recycle sunlight for most of the day. Quick growing fruits and vegetables should be grown climbers can 
be trained on the fens. Several sowings are short intervals should be done to ensure regular supply of vegetables 
for a longer period. Ridges can be utilized for growing root vegetables. Ex: Raddish, Carrot, Beetroot, in inters-
pace slow growing crops can be grown. Ex: Cauliflower, Cabbage, Brinjal selection of crops for kitchen garden 
depends on two factors i.e., Size of the garden and Size of the family. 

Market Gardens 

Forms which produce vegetables for supply to consumers in the local markets called market garden. The 
ultimate aim of vegetable production market gardens is quick disposal in nearby market. Market gardens should 
have transport facilities which are located 30-40 km from main cities. To tech remunerative price in the market, 
farmers should adopt early or off-season vegetable cultivation. Farmers has to be trained to succeed in their 
specialized type of farming. The grower should also be good sales man, so that can avoid middle man in 
marketing of produce for better price and profit. 

Truck Garden 

It is an extensive type of farming where one or two crops are grown in large quantities to feed the distant 
market that are located 100 km away from growing areas. Since the market is away middle man is involved in 
marketing the produce. Due to large scale production farming is usually mechanized in this garden. The 
vegetable should possess special contributes to withstand distant transportation there is true with the 
perishable vegetables. Ex: Tomato. 

Garden Vegetable Forcing 

The forcing designates growing of vegetables out of their normal or usual growing season (Off season) most of 
the vegetables are perishable which cannot withstand long storage at room temperature. Vegetables are grown 
forcibly to supply to the consumer for throughout the year, vegetable forcing is done providing suitable artificial 
weather conditions like temperature RH, light, CO2 based on the crop requirement is called “protected 
cultivation”. Cultivation of vegetables under protected condition ensures superior quality, uniformity and long 
duration of yields. This technology is expensive. Ex: Broccoli, capsicum, tomato etc. 

Vegetable Garden for Processing 

The seeds and areas for raising the seedling may vary according to the soil, crop, seasons and methods of the 
nursery raising. The detail is given below: 

Sowing of Seeds in the Nursery 

This type of farming that produces vegetables with a sole objective of supplying to the processing industry is 
called vegetable garden for processing. Vegetable production for processing mainly canning and freezing 
purpose. The vegetables meant for processing are grown exclusively in field under naturally accruing condition. 
This farming is generally mechanized and away from the cities the varieties are selected in such a way that there 
is continues supply of raw material to feed the processing unit for a longer period. The processing variety of 
vegetables should have high TSS (Total Soluble Sugar) content pH should be 4-4.5 to reduce the growth of 
thermophinic organisms. The fruit or vegetables should firm (matured) to withstand distant transportation, bulk 
handling and mechanical harvesting. Processing garden is grown on contract basis. 
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Vegetable for Seed Production 

Seed production is highly specialized forming and only trained grower processing technical knowledge can 
succeed in these. It is done in larger area. Seed borne infected areas should be avoided. Sowing time of seed 
crops should be adjusted that is escapes the injection by pathogen. To maintain genetic purity the seed 
production field should be free from volunteer plants. Isolation distance is maintained. Roughing- Removing off 
plants, or infected plants. 

Vegetable Garden for Export 

For export the produce should be true to type as per declared variety and standards, uniform in shape, size and 
colour and free from chemical residues. Vegetables should be properly graded and packed in good quality 
boxes. Vegetable garden for export should meet the quality standards of the importing countries. 

Organic Vegetable Garden 

It is production system that avoids synthetic fertilizer, pesticides, growth regulators etc. organic farming is rely 
upon crop rotation, crop resides, animal manure, green manure, legumes and other farm organic waste, 
mechanical cultivation, biological control to maintain soil productivity and tilth to supply and to control insects’ 
diseases and weeds. 

Floating Vegetable Garden 

It is important operation to remove weak, unhealthy disease, insects, pests damaged and dense plants from the 
nursery beds keeping distances of about 0.5-1 cm from plant to plant. The thinning facility balance light and air 
to each and every plant. 

Plant Protection 

There are generally found in lakes of Kashmir valley especially Dal lake of Srinagar. Most of the vegetables in 
spring and summer reasons are supply in Kashmir from floating garden a floating base is prepared by Typha 
grass which grows wild in Kashmir. Compost and other organic matter spread over their base. Typha grass acts 
as a seed bed for growing vegetables intercultural operation or irrigation are done with the help of boat. 

Hydroponics 

It is a science of growing plants without using soil by feeding them on solution of water and mineral salts instead 
of depending on soil. The term Hydroponics is derived from Greek word hydro-water phones-Cultivation or 
water working. 

Conclusion 

Vegetables play a major role in human diet as it acts as protective food which provides carbohydrates, proteins, 
vitamins and minerals. Vegetables also increase the economic status of farmer as these crops are short duration, 
high yields per unit area and highly demand in the market. It fetches high returns when it grown in the off-
season cultivation by adopting protected cultivation and Hydroponic technology. 
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Introduction 

Soil is an important part of our environment. It is indispensable to flora as well as fauna. The present scenario 
tells the condition of the soil is getting deteriorated due to speed in industrialization. The soil quality is becoming 
unsuitable for farming, living, and other purposes. The main sources of contaminants are in the form of 
herbicides, pesticides, toxic industrial effluents, heavy metals as well as waste coming from pharmaceutical 
industries.  

Therefore, it needs our attention toward the betterment of soil quality. There are many methods for the 
improvement of soil quality such as chemical and physical methods. But these methods are expensive for the 
application on large scale. The other method includes the use of microorganisms for improving soil quality; also 
known as "soil bioremediation". Bioremediation is a cost-effective and environmentally safe method to remove 
the contaminants and toxicity from the soil. Among the microorganisms, fungi are considered the most efficient 
because of their fast rate of colonization and can reach the soil contaminants faster by penetrating the soil. 

The use of fungal based technology to remove environmental contaminants is known as "mycoremediation" 
(Myco = Fungi, remediation = removal). The peculiar characteristics possess by the fungi for mycoremediation 
such as tolerance to the high concentration of toxins, secretion of extracellular enzymes, and many bioactive 
compounds, translocation of mineral nutrients and water, etc. Fungi produce extracellular enzymes such as 
peroxidases, lipase, catalase, laccases, dehydrogenases, and oxidases that help to degrade the polymeric 
organic compounds such as lignin, cellulose, chitin. 

The processes involved in mycoremediation of soil contaminants such as enzymatic degradation, biosorption of 
heavy metals, immobilization, redox transformation, biotransformation, and mobilization. Among the different 
groups of enzymes, white rot fungi play important role in bioremediation. Some of the examples of fungal 
species of white rot fungi for biodegradation of toxic pollutants from the environment are Trametes versicolor, 
Agaricus bisporus, Pleurotus pulmonarius, Pleurotus tuber-regium, Pleurotus ostreatus, Phanerochaete 
chrysosporium, Bjerkandera adusta, Irpex lacteus, and Lentinula edodes. Therefore, in this article main focus is 
given on the following areas such as types of fungal species & their enzymes, processes, and the mechanism 
involved in soil bioremediation. 

Processes Involved in Mycoremediation 

Mainly following processes are involved in mycoremediation: 
1. Biosorption. 
2. Mobilization. 
3. Immobilization. 
4. Biotransformation. 

Biosorption 

The uptake of various toxic pollutants by different mechanisms such as precipitation, adsorption, chelation, 
reduction with the functional group present in the cell surface. The cell wall act as biosorbent. This process is 
quick and reversible. This mechanism is utilized for biosorption of different heavy metals such as cobalt, 
uranium, cadmium, zinc, and copper (Bai and Abraham, 2001). 
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Mobilization 

It involves leaching, alkylation, methylation, and chelation by siderophores. 

Methyl group and alkyl group from one compound are transferred to another. Siderophores are iron-chelating 
agents that bind with metals such as chromium, magnesium, gallium, and manganese. The organic acids are 
produced in the leaching process. 

Immobilization 

To decrease the physical interaction of contaminants microbes modifies their physical and chemical 
characteristics to reduce mobility. 

Biotransformation 

Organic carbon breakdown to carbon dioxide and oxygen that further leads to the formation of bicarbonates. 
The metal ions precipitate along with this forming metal carbonate or metal hydroxide. 

Figure 1 - Different processes involved in the mycoremediation 

Mechanism 

Fungi produce different types of enzymes to convert the complex organic compound present in soil 
contaminants into a simple and soluble form. The end product is utilized by them as a source of energy. 
1. Remediation of organic contaminants present in soil: The organic contaminants are rich in lignin. The fungal 
enzymes such as laccases, manganese peroxidase, lignin-peroxidase, and versatile peroxidase; are involved in 
the degradation of lignin. 

2. Remediation of soil contaminated with petroleum compounds: The white rot fungi are found effective in 
this field. The petroleum compounds are containing aromatic hydrocarbons. The structure lignin polymer 
present in wood is very similar to polycyclic hydrocarbons therefore lignin-degrading fungi are utilized for the 
remediation of petroleum contaminated soil e. g. Fusarium solani and Hypocrea lixii  (Hong et. al.,  2010). 

3. Remediation of metal ions: The processes such as oxidation-reduction, mineralization, methylation, 
demethylation, and mineralization are involved in remediation of soil contaminated with metal ions. 

Table 1 List of fungal species, the enzyme produced, and substrate on which they act for soil bioremediation. 
(Source: Khatoon et al., 2020): 

Fungal species Phanerochaete chrysosporium 
Cotiolos versicolor,  
Panus tigrinus 
Trametes versicolor 
 

C. versicolor 
P. pulmonarius 
T. versicolor, 
Trametes sp. 
P. chrysosporium, 

C. versicolor,  
P. tigrinus 
T. versicolor, 
Trametes sp. 
Bjercandera adusta 
P. pulmonarius 

Fungi

Enzymatic 
degradation

Immobilization

Biosorption

Mineralization

Biotransformation

Mobilization
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Conclusion 

The use of fungal enzymes to treat contaminated soil is an emerging area. It is considered an eco-friendly and 
sustainable way to remediate the soil. 
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