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Bitches have longer proestrus and estrus phase with major variation in the ovulation timing. Optimum 

conception rate in the bitches is possible if mating occurs at about the time of ovulation. Hence the detection 

of time of ovulation is of great importance to the dog breeders and pet lovers. Lack of the basic knowledge 

of canine reproduction amongst dog breeders lead to random mating twice or thrice during the estrus period 

which leads to high expenditure with poor outcomes (Concannon et al., 2002). There are several methods 

for identifying the ovulation and optimal mating timing but most commonly used methods in clinical 

practice are exfoliative vaginal cytology and measurement of plasma progesterone concentrations. 

Exfoliative vaginal cytology is a simple technique that is used by veterinarians to characterize stages of 

the estrus cycle of the bitch (Johnston et al., 2001). Timing ovulation is of highest importance in achieving 

good conception rate in canine (Romagnoli, 2002). Exfoiative vaginal cytology determines type of cells 

present during estrus stage and that time progesterone level is high which denotes the accurate timing of 

ovulation and mating. Hence the breeding time based on exfoliative vaginal cytology and progesterone 

profiles gives good pregnancies with multiple puppies in the bitches. The types of cells found in exfoliative 

vaginal cytology and serum estrogen concentration are related. The growing follicles on the ovaries secretes 

estrogen hormone which is responsible for thickening of vaginal lining. The outermost layer of vaginal 

epithelial cells moving away from blood supply and get degenerated. The degenerated epitheial cells 

becomes dead and anucleated and shaded into the vaginal lumen.  

For making of vaginal cytology smear, the cotton swab soaked into normal saline is inserted in the cranial 

portion of the vagina dorsally. After insertion rotate the cotton swab gently and withdraw it. After 

withdrawal rotate the cotton swab tip on a grease free glass slide unidirectional. generaaly 2 or 3 slides are 

fixed with methanol and stain with Giemsa stain per day with the name and date until the bitch comes in 

estrus (Marti, 2002).  

The cells classify in vaginal cytology as keratinized (cornified) and non-keratinized (non-cornified) cells. 

The cornification or keratinization is a response of estrogen concentration in blood (Concannon, 2011). The 

cells near the blood suppy in the uterine layer called basal cells are small and round with a clear nucleus, 

but the cornified cells found away from the blood supply and the nucleus become smaller, pyknotic and 

finally is degenerated and cells become anuclear. The cells vary as estrus stages changes in bitch 

reproductive tract. The principal characteristics of different types of cells are given below. 

Cells Characteristics Image 

Parabasal cells It is small, round or slightly oval, large with nucleus 

and small cytoplasm. Staining ability good.  

 

Intermediate cells It is slightly larger than parabasal cells. Cells borders 

are smooth, oval to rounded irregular, nucleus smaller 

than parabasal cells. Cytoplasm more than parabasal 

cells.  
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Superficial cells These are dead cells, are the large with a sharp, flat, 

angular cytoplasmic borders and a small pyknotic, 

fading nuclei or without nuclei.  

 
Anuclear squamous Irregular vaginal cells, no nucleus, smaller than 

superficial. These are the cells that have also been 

called "fully cornified." 

 
 Neutrophils Inflammatory cells  

 
Red blood cells Blood can be normal in the bitch. 

 

In addition to Exfoliative vaginal cytology, the approximate fertile period of bitch can be estimated by doing 

progesterone assay due to hormone concentration varies as estrus stages change during estrus cycle of bitch 

(Bouchard et al. 1991). The pulsatile release of FSH increase at late anestrus and responsible for proestrous 

follicular growth. The basal level of Estrogen is (2–10 pg/ml) and progesterone (<1 ng/ml) at late anestrus. 

The level of estrogen upswings from basal anestrus levels (2–10 pg/ml) to peak levels (50–100 pg/ml) during 

late proestrus, while the level of progesterone remains basal (<1 ng/mL) until rising at the LH surge (2–4 

ng/ml). Estrogen levels reduce markedly after the LH peak to variable levels, while progesterone levels 

steadily increase (usually 4–10 ng/ml at ovulation). In bitches the ovulation at primary oocytes stage occurs 

two days after the LH surge and oocyte maturation requires next two to three days and the lifespan of 

secondary oocytes is two to three days in bitches. Progesterone varies at the point of the LH surge from 

0.8–3.0ng/ml, from 1.0–8.0 ng/mL at ovulation, and from 4.0 to >20.0 ng/mL during the fertile period. 

Initiation of Progesterone assay begins at late proestrus till its value rise above 2 ng/mL and record the 

day as Zero. Then mating or artificial insemination are advised on days two, four, and six after day Zero. 

Thus, exfoliative vaginal cytology and progesterone assays in bitches during proestrus and estrus phase 

helps in optimum time of mating with better pregnancies. 
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Abstract 
Decades of chemical management of pests have contributed to the prevention of yield loss but also have 

brought about concerning side-effects on the environment and human health. Excessive use of chemical 

pesticides has led to the soil and water getting polluted to an extent where it has become another 

environmental concern and impacts human health in a negative way. A bio-agent such as Nuclear 

Polyhedrosis Virus (NPV) is a sustainable option and one of the most effective tools for biological 

management of pests. They are host-specific and do not harm any other living organism besides their 

host(s), such as the Helicoverpa armigera Nuclear Polyhedrosis Virus (HaNPV), which only infects 

Helicoverpa armigera (Cotton bollworm), a highly polyphagous species that infects a wide range of crops 

such as cotton, maize, chickpea, sorghum, cowpea, tomato, onion, etc. 

Introduction 
Viruses are obligate parasites that have a non-cellular structure with an inert crystalline structure outside 

the living cell. When they infect a cell, they replicate themselves using the host cell's machinery, killing 

the host. Viruses contain either RNA or DNA, which is protected by the capsid, a protein coat. Capsids are 

made up of capsomeres, which are smaller protein subunits that come in two types: helical and polyhedral. 

Plant viruses typically have single-stranded RNA, whereas animal viruses can have either single-stranded 

RNA or double-stranded DNA. Double-stranded DNA is common in bacterial viruses. 

Animal viruses, plant viruses, and bacteriophages are the three types of viruses based on their host. 

Baculoviridae is a virus family that attacks insects and other arthropods. In 41% of cases, Arthropoda 

viruses develop in host cell nuclei, with virions occluded singly or in groups in polyhedral inclusion bodies. 

They are rod-shaped, double-stranded Polyhedral Occlusion Bodies (POBs) that range in diameter from 0.2 

to 15 micrometres and are highly host specific. They enter the insect gut via plant material injection 

through the mouth and cuticle. 

 
Figure 1: Nuclear Polyhedrosis Virus. [Source: Lynn, Dwight. (2006, April 1)] 
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Host 
Nuclear Polyhedrosis Viruses (NPV) are found in approximately 120 Lepidoptera and Hymenoptera species 

(particularly saw-flies). Each virus is extremely tailored to its host. HaNPV is hosted by Helicoverpa 

armigera. 

 
Figure 2: Larvae of Helicoverpa armigera (host of HaNPV) [Source: File: Helicoverpa armigera 

larva.jpg. (2020, September 12)] 

Mode of Action 
Polyhedra (viral protein) containing embedded virions is ingested into the host organism and travels 

through the foregut and into the midgut, where the polyhedra dissolves and the virions are released, 

causing the peritrophic membrane that covers the midgut cells to rupture. As the peritrophic membrane 

disintegrates and virions attach to midgut cells, they begin to replicate, eventually killing the host. 

 
Figure 3: NPV infection of target insect/host. [Source: Usmani, T.A. & Kumar Rajeev. (2019, 

May 23)] 

Symptoms of NPV Infection 

 
Figures 4 & 5 (first two): A larvae of H. armigera that died due to NPV infection on chickpea 

and cotton, Figure 6 (last): Dead larvae containing virus, turned black with decay. [Source: 

Usmani, T.A. & Kumar Rajeev. (2019, May 23) & Barat Bidisha, (2013, March 28)] 
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Diseased larvae typically crawl to the top of the plant to die. Shortly after death, an infected larva's body 

becomes flaccid, and its skin (integument) ruptures, releasing millions of Polyhedral Inclusion Bodies or 

PIBs (the infectious virus particles) back into the environment. Natural infection can occur in waves when 

larval numbers are high, as more larvae become infected, die, and spread the infection, resulting in an 

outbreak (epizootic). Stress, decomposition (liquification), lethargy, infected larvae hang invertedly from 

twigs, and the host becomes visible swollen with virus fluid and eventually dies, turning black with decay. 

HaNPV Dosage on Different Crops: Spray Application 
Good control with NPV occurs when: 

1. Sprays are well timed to coincide with larvae hatching, before larvae become entrenched in sheltered 

feeding sites. 

2. Sprays are targeted against small larvae, preferably less than 7 mm in length. Larvae up to 13 mm 

in length may be targeted in sorghum. Larger larvae are less likely to succumb to NPV infection. 

3. Sprays achieve good coverage over the plant surfaces: this is very important for ingestion-active 

products that must be eaten to kill. Application and nozzle selection needs to target the fine/medium droplet 

size range with a minimum droplet density index of 60 droplets/cm2. At the time of application, a light wind 

(4–15 km/h) is required to distribute the spray on the target, including the underside of the leaves. 

4. Sprays always include an additive, such as Amino-Feed. Adding 1 L/ha of Amino-Feed improves 

NPV performance in all crops significantly. In ultra-low volume (ULV) applications, Amino-Feed can be 

used at the same rate. Amino-Feed may function as a feeding attractant or stimulant, encouraging larvae 

to consume more NPV PIBs. It may also aid in the distribution of the spray formulation across the plant's 

surface or in the activation of the virus in the insect gut. 

The Following Factors Also Need to be Considered to Achieve the Best Results with 

NPV 
Rates: The registered rate for NPV in chickpeas and sorghum is 375 ml/ha, while cotton and maize have 

registered rates of 500 ml/ha. Cotton and maize have higher rates because it is more difficult to achieve the 

required coverage in these crops due to the presence of sheltered feeding sites and/or a more complex plant 

structure. 

Applications: 

a. Against early instars of pests for its efficacy. 

b. 250 Larval Equivalent (LE)/ ha are used for controlling pest. One larval equivalent is when the 

virus produced at least 6×109 OBs/larva. 

Conclusion 
Nuclear Polyhedrosis Virus (NPV) is one of the most potent and promising options available for the 

management of polyphagous pests such as Helicoverpa armigera, especially in terms of sustainable and 

organic farming. The effectiveness of NPV is equivalent to if not higher than that of any effective chemical 

pesticide in the management of major pests, and the host-specific property and no residual effects after its 

application make it an ideal choice for sustainable pest management. 
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Chilli (Capsicum annuum L.) is an important vegetable and spice crop, belongs to the genus Capsicum, 

family Solanaceae. It has originated in Mexico and first introduced in India by Portuguese. Now a day’s 

chilli has become an important crop all over India. In India chilli is an important commercial crop cultivated 

for vegetable, spice and industrial purposes. Chilli is used all over the world and is preferred by both 

vegetarian and non-vegetarian masses to increase the palatability and taste of cooked food and vegetables. 

Chilli is a rich source of vitamins, minerals, carbohydrates, fat and fibre.  

India contributes 5.4% of total global chilli production (FAOSTAT, 2020). Chilli is an important crop all 

over India, cultivated in both tropical and sub-tropical climate. Andhra Pradesh alone contributes 46 per 

cent of total chilli production of India. Uttar Pradesh stands 12th position in chilli production in India by 

contributing 1.21 thousand metric tonnes of chilli production. 

Chilli crop suffers from a large number of viral, fungal and bacterial diseases, nematode, insects and also 

non insect pest like mites. Of the several diseases, viruses are known to produce different symptoms like 

mosaic, ring spot, curling, yellowing etc. on chilli and resulting in heavy losses. Viral diseases are an 

important factor contributing to low yields and reduced fruit quality. 

Chilli is known to be affected by forty-five viruses. Twenty-four of them have been reported to occur 

naturally and rest can infect on artificial inoculation. Among the twenty-four viruses reported to occur 

naturally on chilli, eleven viruses have been reported from India, viz., Cucumber mosaic virus Tobacco leaf 

curl virus, Indian chilli mosaic virus, Potato virus Y, Potato virus X, Tobacco ring spot virus, Pepper veinal 

mottle virus and Pepper vein bending virus, Chilli leaf curl virus, Tomato leaf curl New Delhi virus, 

Capsicum chlorosis virus. Among all, the Chilli leaf curl virus is the most destructive virus in terms of 

incidence and yield loss. In severe cases, 100 per cent losses of marketable fruit have been reported. 

ChiLCV belongs to genus Begomovirus, family Geminiviridae is characteristically having a circular single 

stranded DNA genomes encapsidated in twin particles. Most Begomoviruses have a bipartite genome 

consisting of a DNA-A and DNA-B components. DNA-A encodes for genes responsible for viral replication, 

regulation of gene expression, suppression of gene silencing and particle encapsidation, while DNA-B 

encodes for proteins involved in viral movement, host range determination and symptom development. 

Chilli leaf curl virus disease (ChiLCVD) is considered the most severe limiting factors for the successful 

cultivation of the crop. Epidemics of ChiLCV can result in 100% yield loss resulting in severe economic 

consequences (Senanayake et al., 2008). 

Symptoms 

  

Leaves curl towards midrib Blistering of Interveinal leaf areas 
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Clustering of leaves with short internodes Affected small sized 

fruits 

Healthy fruits 

Survival and Spread 
1. Primary inoculum: Annual and Perennial hosts (Abutilon sp. and some solanaceous crops). 

2. Secondary inoculum: Whitefly (Bemisia tabaci). 

Favorable Conditions 
Most severe infestation occurs during July month. High temperature and low humidity are reported to be 

conducive to the multiplication of this virus-vector. 

Management 
Cultural methods: 

a. Use of yellow sticky traps just above the plants to control insect vectors. 

b. Destroying previous year susceptible crops, particularly solanaceous weeds and volunteer plants. 

c. Good weed control in the crop that may be alternative host to virus and vectors. 

d. Transplanting dates should be adjusted to avoid peak season of the vector population. 

e. Use of live mulches, border crops or hedges which are more attractive to the vectors. 

Biological control of vector:  

a. Predators—Coccinella septempunctata, Clitostethus arcuatus, Orius spp, Chrysoperla carnea, 

Chrysopa spp., Sinea confusa  

b. Parasitoids—Eretmocerus emiratus, E. eremicus, Encarsia accenta, E. adusta, etc.  

c. Pathogens —Verticillium lecanii and Paecilomyces fumosoroseus, P. farinosus  

Chemical control of vector: Spraying with imidacloprid at 0.03% or acetamiprid at 0.02% or acephate 

at 0.1% or diafenthiuron at 0.12% or thiamethaxam at 0.02% at 10 days interval is effective in management 

of whitefly. 
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Introduction 
The previous ten years have seen an increase in global population, which has led to greater crop output to 

meet global demand. For many years, farmers have benefited from the use of fertilizers in agriculture. 

Traditional fertilizers were used more frequently as a result of the green revolution, posing serious 

environmental risks. The effectiveness of traditional fertilizers in using nutrients is quite low. Nano-

fertilizers are essential instruments in agriculture to boost nutrient use efficiency, lower fertilizer waste, 

and lower cultivation costs while also enhancing crop growth, yield, and quality. By rapid up the rate of 

seed germination, seedling growth, photosynthetic activity, nitrogen metabolism, carbohydrate and protein 

synthesis, nano-fertilizers can increase crop output overall. Typically, materials of a size between 1 and 

100 nm are referred to as nanomaterials. Nanomaterials have unique optical, physical, and biological 

features due to their small size and large surface area. The detection of pathogens, pests, and diseases in 

plants as well as the controlled delivery of pesticides, nutrients, and genetic material are all possible uses 

for nanoparticles in agriculture. They can also bind of soil structure. 

Need of Nano-Fertilizers 
1. According to (FAO 2018) the World papulation estimated to exceed 9.7 billion in 2050, so current 

agriculture production in not sufficient for food safety, at least 70% more production future food demand. 

This is the great challenge under the preserve natural resource and limited deuteriation of environment 

and intensive agriculture. 

2. Climate change, food and nutrition security, soil fertility deterioration, fertilizer response decline, water 

table depth decline, increased crop disease and insect incidence, and socio-economic worries of farmers are 

among the essential ones. So, it would be difficult to produce enough food to feed the ever-increasing 

papulation, which is estimated to cross 9 billion in 2050. 

World Food Problem and Distribution are Facing Few Stress 
1. Increase Papulation - it is most challenging factor for food production because papulation in the World 

Day by day increase so food supply demand is exceeder 

2. Climate change - Under the conventional use of fertilizers, pesticide, fungicide and other chemical 

comes under cultivation those factors are deuterate of soil health, environmental health, and other severs 

hazards that effect is negatively so one of the most important factors.  

3. Environmental contamination - in conventional agriculture huge quantity of fertilizers pesticide, and 

herbicide for higher production and deforestation, polluted water, industries establishment, leaching of 

chemical, drift, hydrolysis, photolytic or microbial degradation so many factors cause environment 

contamination.   

4. Higher demand for water and energy - A connection between water, food, and energy is at the core 

of sustainable development. Water is utilized to produce most forms of energy, with agriculture being the 

major consumer of freshwater worldwide. To balance the requirements of people, nature, and the economy, 

governments must assure integrated and sustainable management of water, food, and energy. 
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Impact of Climate Change in Global Food Production and Food Security 
1. Climate change has increased the severity of India's food security issues. The majority of studies simply 

takes into account two component, one is food security, and second food availability, in the face of the 

difficulty of the relationship between food security and climate change. 

2. Food security is impacted by climate change in a diversity way. Reduced revenues, damaged livelihoods, 

reduce income sources, interrupted trade, and negative health effects and as well as social and economic 

effects, but most effective food security by the change of climate according to FAO. 

3. The spread of pest and disease in new patterns that have an impact on human health, crop health and 

decrease our capacity to use food effectively will give rise to new worries about food security. 

4. Under the conventional farming highly use of pesticide, fertilizers and other type of chemical then 

increase of global warming and indirectly change of climate then direct effect of climate on production and 

as well as food security. 

Factor Effecting by the Climate Change 
1. Impact on food production and Availability - A number of factors affect agriculture and food 

production as a result of climate change. Agro-ecological changes have an immediate effect on food output. 

A demand for agricultural output results from both direct and indirect effects on income growth and 

distribution. 

2. Impact on Stability of Food Supplies - A rise in the frequency and intensity of extreme occurrences 

including cyclones, floods, hailstorms, and droughts is also projected, as well as increase in regional and 

global weather patterns that are already irregular. They may negatively impact the stability of food supply 

and hence food security by causing greater fluctuates in crop yields and local food supplies as well as higher 

chances of landslides and erosion damage. 

3. Impact on food utilization - By changing the environment for food safety and the illness pressure 

from vector, water, and food-borne diseases, climate change will also impair people's ability to use food 

properly. By modifying the environment for food safety and the illness pressure from vector, water, and 

food-borne diseases, climate change will have an impact on people's ability to eat adequately. 

4. Impact on Access to Food -The ability of people, communities, and nations to purchase adequate 

amounts and types of food is referred to as access to food. 

5. Impacts on Food Prices - Despite the fact that food production is at an all-time high, climate change-

related extreme weather events may cause a food crisis. Due to these conditions, prices may rise and there 

may be food insecurity. 

6. Impacts on Food Security - Food insecurity has long affected people, but due to climate change, the 

agriculture sector is today facing an unprecedented challenge. One of the most difficult issues we face is 

meeting our nutritional demands and ensuring our food security. 

Nano-Fertilizers for Sustainable Agriculture 
1. The agricultural production systems now face a wide range of issues for the farming community 

worldwide. The most significant ones include crop disease and pest incidence increases, food and nutritional 

security, soil fertility depletion, decline in responsiveness to applied fertilizers, decline in water table depth, 

and socio-economic difficulties of farmers, So, it would be difficult to produce enough food to feed the ever-

increasing population, which is expected to cross nine billion by 2050. 

2. Without a doubt, the benefits of nanomaterials and nano-fertilizers are introductory up new possibilities 

for sustainable and precise farming. 

3. As a result, there is a lot of interest in creating new, fertilizer sources in order to improve fertilizer use 

effectiveness. To increase fertilizer, use efficiency, a number of methods have been suggested, including 

fertigation, split or localized application, precision fertilization, and the use of Nano-fertilizers etc. 

4. Nano-fertilizers may feed plants gradually and under controlled circumstances, as well as increasing 

fertilizer use efficiency and reducing environmental dangers. 
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5. By promoting seed germination, seedling growth, photosynthetic rate, nitrogen metabolism, protein and 

carbohydrate synthesis, and stress tolerance, nano-fertilizers have the potential to boost crop yield. 

Under the sustainable agriculture are main purpose the increase of food production without 

impact on soil, environment, socio-economics and human health and lots of factor, so in the 

sense of production generally few factors are responsible for maintain of food production.  

a. Effect of nano-fertilizers on growth parameters of plant - the effect of nano fertilizers on 

seed and seed vigor, growth metrics (plant height, leaf area, leaf area index, number of leaves per 

plant) was demonstrated by the strong influence of nano-fertilizers on seed germination and 

seedling growth. Nano-fertilizers can quickly penetrate seeds and enhance nutrient availability to 

growing seedlings, resulting in healthy plants with longer shoots and roots, and as well as 

nonfertilizer improve overall growth of the plants.  

b. Effect of nano-fertilizers on yield and yield parameters of plant - nano-fertilizers improve 

seed germination, vigor, production of dry matter, chlorophyll, and photosynthesis rate, leading to 

increased production and photosynthesis translocation to various sections of the plant. Braun and 

his coworkers reported a similar finding in ‘1983’, stating that plants developed from seeds treated 

with nano-TiO2 had larger dry weights, faster photosynthetic rates, and more chlorophyll-a 

production. This enhances the transfer of photosynthates from the source (leaves) to the sink 

(economic parts of the plant, such as grains, tubers, bulbs, stems, fiber, and leaves), increasing yield 

and quality parameters from plants treated with nano-fertilizers in comparison to plants treated 

with traditional fertilizers or without nano-fertilizers. 

c. Effect of nano-fertilizers on soil - use of nano-fertilizers in sustainable agriculture that 

improve of soil property like physical, chemical and as well as biological and improve water holding 

capacity of plant and increase of microorganism activity.  

d. Smart monitoring - development of nano-sensers equipment for accurate analysis of nutrients 

deficiency, pesticide, disease severity and lots of factor during crop production under in the smart 

agriculture. 
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Moringa or drumstick botanically called as Moringa oleifera L. belongs to the family Moringaceae. Leaves, 

tender pods, fruits, flowers, etc. are the edible parts of this plant as vegetable which have tremendous 

nutritional and medicinal values. It has multifarious uses of drumstick trees that include alley cropping, 

animal forage, bio-gas, domestic cleaning agent, blue dye, fencing, fertilizer, foliar nutrient, green manure, 

gum, honey and sugar cane juice clarifier honey, medicine, ornamental plantings, bio-pesticide, pulp, rope, 

tannin for tanning hides, water purification etc. There are a number of biotic stresses of drumstick in its 

native Indian range, which affects its production from both qualitative and quantitative aspects. 

Infestations by insect pests and mites have been placed among the main limiting factors. Butani and Verma 

(1981) reported 28 different insect species and 2 species of mites from India on various parts of drumstick 

trees. Among them, pod fly, Gitona distigmata Tams, moringa budworm Noorda moringae Meiden, Moringa 

leaf caterpillar Noorda blitealis Walker, hairy caterpillars (Euptorate mollifera Walker, Metanastria 

hyrtaca Cramer and Streblote siva), bark borer, Inderbela tetraonis Walker and long horn beetle, Betocera 

rubus L. are major insect pests infesting drumstick. 

Moringa Budworm: Noorda moringae Meiden (Pyraustidae: Lepidoptera) 
It is one of the important pests of moringa in India. Adults are small and dark brown. It lays oval, creamy 

white, slightly sculptured eggs in clusters and occasionally singly on the buds. A female may lay up to 250 

eggs. Egg stages lasts for 3 to 4 days. The larva bores in to the bud and first feeds on the anthers and then 

on the other internal parts leaving the outer most petals intact. Full grown larvae measure 11 to 14 mm 

long, is dirty brown with a prominent mid- dorsal stripe, head and pro- thoracic shield being black. Infested 

buds drop down and the larva pupate in the soil in a cocoon of silk covered with soil particles. Adult emerge 

sin 6-10 days. Total life cycle is 10-28 days. 

 

Larvae bore into young flower buds and cause of up to 75% shedding. Generally, infested buds contain only 

one caterpillar. Damaged fruits seldom blossom; falled down pre-maturely. The infestation is generally 

lower during October- December and remained more during the summer months in South India.   

Management: 

a. Plough around trees to expose and kill pupae.  

b. Collect and destroy damaged buds and flowers along with caterpillars. 

c. Its natural enemies include the larval parasites viz., Pristomeres sp., Bracon brevicornis, Chelonus sp., 

Elasmus hyblaeae, Perrilampus sp. and Stytasis sp. 

d. Use light traps to attract and kill adults @ 1-2 /ha. 

Moringa Leaf Caterpillar: Noorda blitealis Wlk. (Pyraustidae: Lepidoptera) 
The leaf eating caterpillar is the sporadically serious pest of drumstick throughout the year especially in 

South India. Adults are similar to N. moringae but bigger in size. The moth is dark brown and the black 

pattern on forewings broader and wavy. Eggs are laid in clusters of 34 to 96 usually on ventral surface of 

tender leaves. A female lays up to 232 eggs in her life time. Incubation period is about 3 days. Larval period 

is about 7- 15 days depending upon environmental conditions. It pupates in the soil and the adult emerges 

in six to nine days. Total life cycle is completed in about 16- 26 days. 
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N. blitealis larvae feed on the leaves of moringa while hanging from the under surface of leaflets in a thin 

silken web. The leaves appear papery and get dried. If left untreated, the whole tree is defoliated. Severe 

infestation occurs on new flush of the crop during June-August which later recedes. 

Management: 

a. Plough around trees to expose and kill pupae.  

b. Collect and destroy damaged buds along with caterpillar. 

c. Install light trap @ 1/ha. 

d. Provision for sitting arrangement for birds above the height of the moringa crop in field enabling 

the birds to visit and prey them. 

e. Spiders are found inhabiting in large numbers on new flush which exert natural control on the 

increasing population. 

f. Foliar spray of cholrantraniliprole 18.5SC (1.5ml/10lit.water) OR spinosad 45SC (1ml/10lit.water) 

or indoxacarb 15.8EC (3ml/10lit.water) or emamectin benzoate 5SG (2g/10lit. water) or botanicals 

like Prosopis juliflora leaf extract 5%, NSKE 5%, Pongamia pinnata seed extract 5% proved highly 

effective against moringa leaf caterpillar. 

Pod Fly: Gitona distigmata Tams (Drosophilidae: Diptera) 
Adults are a small yellowish fly with red eyes. Wings extend beyond body and have a dark spot near the 

coastal margin. Maggot is cream coloured. Activity is maximum from April to October and declines 

thereafter. Egg is Cigar shaped, sculptured and white coloured eggs are laid on the grooves of tender pod 

either singly or in groups of 3-4. Egg period 3-4 days, maggot period 18-25 days. Full grown cream coloured 

maggots pupate in soil for 5-9 days. 

 

Maggots enter into tender fruits by making small bore holes at the terminal pod. This causes oozing out of 

gummy fluid from fruits, which ultimately fruits in the drying of fruits from tip upwards. A maximum of 

20-28 maggots are found in a fruit. Internal contents of the fruits rot.  

Management: 

a. Weekly collection and removal of all the fallen and damaged fruits. 

b. Rake up the soil under the trees or plough the infested field to destroy puparia. 

c. Use attractants like citronella oil, eucalyptus oil, vinegar (acetic acid), dextrose or lactic acid. 

d. Two foliar sprays of nimbecidine (30ml/10 lit.) should be made, first spray at 50% fruit setting 

stage and second spray at 35 days after first spray. 

e. Spray of fenthion 80EC @ 0.04% during the vegetative and flowering stage should be applied.  

f. A foliar spray of emamectin benzoate 5SG (2.5g/10lit. water) or spinosad 45SC (2ml/10lilt. water) 

or profenophos 50EC (10ml/ 10lit.water) were found proved significantly effective against G. 

distigmata. 
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Bark Eating Caterpillar/Bark Borer:  Indarbela quadrinotata Wlk. (Metarbelidae: 

Lepidoptera) 
Inderbela quadrinotata, a primitive lepidopteran is a highly polyphagous pest. Besides moringa, it was 

recorded on Acacia catechu, Mango, Mytrogyna sp., Indian gooseberry and guava etc. The full-grown larva 

is smooth, with sparse hairs and measures 3.5 to 4 cm in length. The thoracic legs are simple with the last 

segment ending in a curved claw. The caudal end bears several small spines - like 10processes.These spines 

and teeth - like processes help the pupa to orient itself towards the tunnel mouth prior to eclosion. Eggs 

hatch in about 15-25 days. The larval period lasts for 9- 10 months. Pupation occurs within the larval 

tunnel, with the cephalic end of the pupa slightly protruding outside. The pupal period lasts about 15-25 

days. 

 

Newly hatched larvae initially feed on the bark, subsequently bore into the trunk.The tunnel entry remains 

closed with a frass covering which is drawn out into a sleeve through which the larva moves.The tunnel is 

used as shelter by the larva and is kept clean of the faecal pellets and frass which are added on to the distal 

end of the sleeve. Zig-zag galleries and silken webbed masses comprising of chewed material and excreta 

of larva are seen on the trunk of infested tree.  

Management: 

a. Mechanical methods involved killing the larvae within the tunnels by inserting a sharp metallic 

probe and sealing the tunnel entrance using tar or wax. 

b. Clean all webbed material, plg the holes with cotton wool soaked in fumigants like chloroform, 

formalin or petrol and seal with mud.   

c. Spot application either by brushing or spraying may also be tried in certain cases. Application of 

5-10 ml of a diluted solution of quinalphos 25EC at 1:200 or deltamethrin 2.8EC (1:2000) into the 

borer holes resulted in good control of this insect on shade trees in north-east India. 

Hairy Caterpillar: Eupterote mollifera (Eupterotidae: Lepidoptera) 
In addition to moringa, it recorded as a host of pest includes castor, mustard and mulberry. Eggs laid in 

clusters on leaves and tender stem. Larvae brownish in colour with densely hairy. Full grown caterpillar 

is about 4.4cm in length. Adult is large sized moth with uniform light yellowish brown in colour with faint 

lines. Lay eggs in groups on tender portions of trees like shoots and leaves.They pupate in soil. 

 

Larva seen in groups in tree trunks and they feed gregariously by scraping the bark and gnawing foliage. 

Severe infestation leads to defoliation of the tree.  

Management: 

a. Collection and destruction of egg masses and caterpillars by burning or using strong contact 

insecticide. 

b. Setting up of light trap @ 1 / ha to attract and kill adults immediately after rains. 

c. Use burning torch to kill congregating larvae on the trunk. 

d. Spraying of Fish oil Rosin soap @ 25g/lit. Spray chlorpyriphos 20EC or quinalphos 25EC in 500-

750 L of water per ha on the trunks and foliage, immediately after rains and 15 days later.  

e. Two foliar sprays with cholrantraniliprole 18.5SC 0.006% (3ml/10lit.wter) or 30g a.i./ha (3ml/ 

10lit. water) or 30g a.i./ha 0.0019% emamectin benzoate 5SG (3.8g/ 10lit. water) proved effective 

against moringa hairy caterpillars, first at an appearance of pest and second after 15 days later. 
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Long Horn Beetles: Batocera rubus (Cerambycidae: Coleoptera) 
Grubs are stout, about 100 mm long, yellowish in colour with well-defined segmentation. Adults are 

medium sized beetles and yellowish brown with white spots on elytra. Eggs are laid singly in cracks or 

crevices in the bark of the tree. Pupation takes place within the tunnels. Egg, grub and pupal periods last 

for 1 to 2, 24 to 28 and 12 to 24 weeks respectively. There is only one generation in a year. 

 

Grubs make zig-zag burrow beneath the bark, feed on internal tissues, reach sapwood and cause death of 

affected branch or stem. Adults feed on the bark of young twigs and petioles.  

Management: 

a. Clean affected portion of tree by removing all webbed material, excreta etc. 

b. Insert in each hole, cotton–wool soaked in any good fumigant like carbon disulphide, carbon 

tetrachloride, chloroform or even petrol and seal treated hole with mud. 
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Summary 
Silkworm rearing requires complete monitoring and supervision with skill, since it involves various rearing 

operations and all are very important which finally reflect on cocoon quality and quantity. The rearing 

room activity starts with brushing of newly hatched silkworms because silkworms are susceptible for any 

kind of diseases and cannot withstand to any changes in the environmental conditions, the rearing room 

should be prepared in such a way not to hamper the growth of the worms. On the other hand, mulberry 

plant should possess 5-6 leaves and it is better to prune the shoots 25-30 days prior to the date of brushing. 

Brushing is most important crucial step in sericulture and it involves the process of transferring the newly 

hatched worms from egg shells to the rearing trays through different brushing methods. Under Subtropical 

condition of Jammu usually brushing net is being used for loose eggs and the net is spread over the hatched 

worms in the paper pockets (50 DFLs/Pocket) on which freshly chopped mulberry leaves were sprinkled 

and later the crawled worms over the brushing net were easily transferred to the rearing tray and feather 

is being used for sheet eggs while transferring of worms from egg sheets to tray. 

Keywords: Silkworm rearing; Loose eggs; Sheet eggs: Brushing; Mulberry Leaves, Jammu. 

Introduction 
Silkworm eggs are available in loose or on egg cards and the newly developed larvae breaks out the egg 

shell and comes out, and is called hatching. The hatched larvae are collected and reared. Brushing is the 

process of transferring the newly hatched worms from the shells of their eggs, and collecting them for 

convenience of rearing.  

Newly hatched silkworms are black and hairy, look like black ants. Hence, they are referred to as 'ants'. 

There are many methods of brushing, according to the condition in which the eggs are obtained, as eggs 

may be loose grains purchased by weight or layings on egg cards or sheets. Silkworms generally start 

hatching early in the morning and this progress continues till noon, and after that with a few exception 

cases, the eggs that are left unhatched remain so till the next morning. The result is that on any day, by 

far the largest part of the day's hatchings will have taken place before noon and it would be risky to allow 

these newly hatched larvae to remain unfed to avail the scanty afternoon hatchings. The most suitable 

time for brushing silkworms could, therefore, be taken as around 10 a.m.  

In order to obtain uniform hatching, eggs at "blue egg"/ “egg pigmentation” stage are kept in black 

boxes/covered with black cloth on the previous day of hatching. By this the early maturing embryo is 

prevented from hatching and the late embryos are given time to develop and catch up with the early 

maturing ones. The next day they are exposed to diffused light so that the larvae hatch out uniformly 

responding to the phototropic stimulus. By this' method hatching percentage of 90 and above is attained.  

If, however, hatching is not uniform and only 50 to 60 per cent of the eggs hatch on the first day, brushing 

can be done on the following day as well. If need be, the first batch of hatched worms can be separated by 

a feather and kept in tissue paper in a refrigerator at 10°C till the next day and combined with the second 

day's brushing to form a common batch.  

A somewhat crude and slightly cumbersome process is in vogue among sericulturists to achieve uniform 

hatching. In this, the egg sheets are kept thinly spread out in trays. On a day prior to their reaching the 

"blue egg" stage, they are lightly and evenly stroked half-a-dozen times with a soft brush or feather. This 
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treatment is repeated throughout the day at intervals of about three hours. This method is fairly successful 

in achieving uniform hatching. 

Brushing of Loose Eggs 
In general the eggs are spread evenly in one layer in the egg box/incubation frames/news paper after 

removing the cover. At blue egg stage they are kept in black box or covered with black paper/black cloth. 

When they change color preparatory to hatching, black cover is removed and they are covered lightly over 

with a thin perforated cloth or a fine-meshed net or finely perforated thin paper (Fig. 1). This covering just 

touches the upper surface of the eggs. Just before brushing, chopped mulberry leaves are sprinkled on the 

top of the net or cloth or paper not for the worms to eat, but just to attract them to crawl on to the upper 

surface. It is convenient to have the net or cloth or paper stretched on frame which is of a size to just fit the 

egg box in which the eggs are kept, in order that the active newly hatched worms might not crawl out and 

get lost. When a sufficient number of worms have hatched out, the rearer takes out the cloth. 

In the case of layings on egg cards, there are several methods of brushing. Most common ones are:  

1. Brushing by husk method 

2. Brushing by cloth, paper or net  

3. Brushing by feather 

4. Brushing by net and feeding. 

To start with, the egg cards, when the eggs reach the 'blue egg' stage, should be covered with a large sheet 

of paper to prevent the active young worms from crawling out and getting lost. It must be noted that the 

newly hatched multivoltine worms do not display the same aptitude to stray as worms of bivoltines. 

Brushing by husk method: This is a very popular method of brushing is vogue in India. In this method, 

charred powdered husk is spread on the newly hatched worms. Later chopped mulberry leaves are spread 

on the card. The newly hatched worms crawl on to the top of the feed. After half an hour of feeding, the 

silkworms are brushed off to the rearing tray with a feather. 

Brushing by cloth, paper or net: This is only an adaptation of the method described in relation to loose 

eggs. The layings are covered with paper or net or cloth and the worms which crawl on to the underside are 

collected by tapping or transferring the paper with worms to the rearing tray.  This method is commonly 

used under Subtropical condition of North West India (Fig. 1). 

Brushing by feather: In this the egg card or paper is held vertically by one end over the rearing tray and 

the hatched worms are separated by gentle strokes with a feather. This method is simple and easy but is 

apt to injure the worms which at this stage are tiny and delicate (Fig 1). 

Brushing by net and feeding: In this, instead of husk, a fine meshed net is employed in other respects 

it resembles method described above.  

After brushing the silkworms, the bed is prepared by collecting the worms and mulberry leaves together 

by using a feather. The bed is spread uniformly using chopsticks and after about two hours of brushing, 

the first formal feed is given to the silkworms. 

  
Black boxing of layings in incubation room 

during blue stage 

Chawki leaf arrangement and chopping of 

leaf for brushing 
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Loose Eggs were Spread in paper pockets 

in incubation chamber 

Loose eggs were exposed for light for 

hatching before brushing after black boxing 

  
Different breeds Sheet Eggs were Spread in 

paper pockets in incubation chamber 

Sheet egg layings were exposed to light for 

hatching before brushing after black boxing 

  
Brushing Net spread over hatched worms 

before sprinkling of leaf (Loose eggs) 

Sprinkling of chopped tender leaf over the 

Brushing Net spread over hatched worms 

before brushing 
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All Hatched worms were crawl over the 

chopped leaf before brushing 

Sprinkling of chopped tender leaf over the 

sheet eggs before brushing 

 
Tray showing prepared bed after brushing of worms along with paraffin paper and moist 

paper strips used for maintaining humidity 

Figure 1: Showing incubation room with loose eggs, sheet eggs and brushing of newly hatched 

worms at RSRS, Jammu (J & K) under Subtropical condition. 

Conclusion 
Brushing is most important step in sericulture for successful harvest of the crop and it should be done by 

experienced person for easy handling without damage to the tiny worms and it should be done during early 

morning by 10.00 am with tender chopped mulberry leaves and should not be starved by delaying feeding. 

For easy transfer of worms from loose eggs brushing net is used and for sheet eggs feather can be used for 

tapping. Both the techniques were commonly used under subtropical condition of Jammu (J&K) both at 

laboratory and field level. 

Reference 
Mahesha, H. B. Selection of Silkworm Races/Breeds for Rearing. Yuvaraja’s College, Mysore. (https://hbmahesh.weebly.com). 
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Abstract 
Sustainable agriculture with low inputs of chemicals and fertilizers is highly necessary to handover our 

environment to future generations. According to FAO report of the United Nations the human population 

will reach up to 10 billion by 2050 which increases concern towards food security. On the other hand, the 

creation of a healthy food environment, which makes a healthy and sustainable choice as well as food 

labelling to empower consumers to choose healthy and sustainable diets, will raise consumers’ demand for 

healthy food free of chemicals in favour of plants and environmentally friendly means of plant production 

and protection. In general, both biotic and abiotic factors are responsible for food losses. But biotic factors 

are major concern for food losses. So, instead of using chemicals for the control of biotic agents its better to 

use environmentally friendly management techniques. Among those environmentally friendly techniques 

cold plasma technology is the one. 

Introduction 
Plasma is the fundamental state of matter in the Universe. Interstellar matter, stars and other elements 

are in the plasma state of matter. It is estimated that over 99% of the entire Universe mass is in this state. 

Natural plasma is relatively rare on Earth. The gaseous layer of the atmosphere absorbs a large part of the 

ionizing radiation. However, our planet has an outer plasma layer called the ionosphere. The main, natural 

source of plasma formation in terrestrial conditions is lightning or the aurora light (polar lights). In general, 

plasma is referred to as a fourth state of matter. It is an ionized gas characterized by unique properties. 

Plasma is comprised of excited atomic, molecular, ionic and radical species coexisting with numerous 

species, such as electrons, free radicals, positive and negative ions, gas atoms and molecules in the 

fundamental or excited state, e.g., reactive oxygen species (ROS) and reactive nitrogen species (RNS) 

together with electromagnetic radiation (UV photons and visible light). It is considered a “quasi-neutral” 

medium with a zero net electrical charge. However, it is electrically conductive as it contains free charge 

carriers and exhibits properties distinguishing plasma from neutral gasses and liquids. 

Plasma is usually created by the application of energy to a neutral gas, which in turn generates ions. The 

process can be supplied with thermal energy, electromagnetic radiation, or electric current. Depending on 

the conditions of generation, plasma can be divided into equilibrium (thermal) and non-equilibrium (low 

temperature/cold) plasma. The latter can be further divided into quasi-equilibrium plasma (temperature 

around 100–150 ◦C) and non-equilibrium plasma (temperature less than 60 ◦C). The second group is 

especially interesting for biologists due to the lack of thermal damages of living material. The cold, non-

thermal plasma is usually generated by an electric discharge with direct (DC) or alternating current (AC). 

However, it can also be produced with a radio frequency discharge (100 kHz–100 MHz) or a microwave 

discharge (above 100 MHz). The most frequently used types of DC discharges are a corona discharge (the 

current range is 10−7–10−5 A), a glow discharge (current range 10−5–1 A) and an arc discharge (current 

above 1 A). The best known and the most common type of AC discharge is a dielectric barrier discharge 

(DBD). The most characteristic feature of this discharge is two electrodes insulated by a dielectric barrier. 

The greatest advantage of DBD is the possibility to operate in ambient air and in normal atmospheric 

pressure. The most common cold plasma generators include a dielectric barrier discharge, a plasma jet, a 

plasma torch, micro plasma arrays, a gliding arc and high voltage nanosecond pulsed plasma. 
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Cold Plasma 
Cold plasma has many uses like surface modification of plastic materials (Pinson et al., 2020; Baneesh et 

al., 2022), sewage decomposition (svarnas et al., 2020), sterilisation of soil. Cold plasma technology is widely 

used in food preservation (Afshari et al., 2014) due to its ability to rapidly decontaminate microorganisms 

in ambient temperatures and normal atmospheric pressure conditions. Moreover, this technology ensures 

effectiveness without causing perceivable changes in food quality followed by reasonable costs when using 

ambient air as the working gas. The attractiveness of cold plasma technology is also due to a wide range of 

target microorganisms, including fungi (yeasts and molds), which have attracted special attention from the 

food industry as they are a large group of food spoilage microorganisms, viruses (Puligundla et al., 2016), 

prions (Julak et al., 2011), Gram positive and Gram-negative bacteria and biofilm forming bacteria 

(Laroussi et al., 2003; Sysolyatina et al., 2014). There is also evidence that plasma has assisted the 

degradation of mycotoxins produced by some fungi. Cold plasma technology is also useful for treatment of 

seeds contaminated with Fungi, bacteria, virus and phytoplasma there by it improves the growth of plant 

that leads to increase in production eventually. 

Research Outputs and Utility 
Bacterial leaf blight is one of the major threats for rice production apart from blast disease. Present 

investigation may help to understand the effectiveness of using technology in disease control rather than 

following traditional methods like using chemicals. This technique completely gives information about 

effectiveness of plant growth, production of ROS and Rise in enzymatic activities.  

1. Cold plasma technology has considerable potential for seed treatment, boosting their germination rate 

and providing support in later stages of seedling and plant development, especially during difficult growth 

periods.  

2. It proves itself as an innovative, efficient and eco-friendly plant protection method.  

3. Cold plasma use will reduce the application of fertilisers and pesticides in plant production, providing   a 

more sustainable management, which fits within the scope of world. 

4. It is expected that cold plasma will find numerous applications for the agricultural sector in years to 

come. 

Reference 
1. Afshari, R.; Hosseini, H. Non-thermal plasma as a new food preservation method, its present and future prospect. J. Paramed. 

Sci. 2014, 5, 116–120. 

2. Baneesh, N.S. Plasma Modification of Polyolefins: Synthesis, Characterization and Applications; Springer: Berlin/Heidelberg, 

Germany, 2022. 

3. Julák, J.; Janoušková, O.; Scholtz, V.; Holada, K. Inactivation of prions using electrical DC discharges at atmospheric pressure 

and ambient temperature. Plasma Process. Polym. 2011, 8, 316–323.  

4. Kar RK, Choudhuri MA (1987) Possible mechanisms of light-induced chlorophyll degradation in senescing leaves of Hydrilla 

verticillata. Physiol Plant 70: 729–734. 

5. Laroussi, M. Nonthermal decontamination of biological media by atmospheric-pressure plasmas: Review, analysis, and 

prospects. Trans. Plasma Sci. 2003, 30, 1409–1415.  

6. Li SM, Hua GG, Liu HX, Guo JH (2008) Analysis of defence enzymes induced by antagonistic bacterium Bacillus subtilis strain 

AR12 towards Ralstonia solanacearum in tomato. Ann Microbiolog 58: 573–578. 

7. Pinson, J.; Thiry, D. Surface Modification of Polymers; WILEY-VCH: Weinheim, Germany, 2020; ISBN 978-3-527-34541-0. 35.  

8. Puligundla, P.; Mok, C. Non-thermal plasmas (NTPs) for inactivation of viruses in abiotic environment. Res. J. Biotechnol. 

2016, 11, 91–96. 

9. Svarnas, P.; Giannakopoulos, E.; Kalavrouziotis, I.; Krontiras, C.; Georga, S.; Pasolari, R.S.; Papadopoulos, P.K.; Apostolou, 

I.; Chrysochoou, D. Sanitary effect of FE-DBD cold plasma in ambient air on sewage biosolids. Sci. Total Environ. 2020, 705, 

135940. 

10. Sysolyatina, E.; Mukhachev, A.; Yurova, M.; Grushin, M.; Karalnik, V.; Petryakov, A.; Trushkin, N.; Ermolaeva, S.; Akishev, 

Y. Role of the charged particles in bacteria inactivation by plasma of a positive and negative corona in ambient air. Plasma 

Process. Polym. 2014, 11, 315–334. 

  



 

 
Volume 04 - Issue 12 - December 2022       22 | P a g e  
 

Importance of Diet in Regulating Hormonal Functions 
Article ID: 38607 

K. Sudha Rani1, J. Lakshmi 2, S. Divya Prasanna Kumari3 

1Subject matter Specialist (Home Science), Krishi Vigyan Kendra, Reddipalli, Anantapuram. A.P. 
2Professor and University Head, Department of Food Science and Nutrition, College of Community 

Science, ANGRAU, Lam, Guntur, A.P. 
3Research Scholar (Food & Nutrition), College of Community Science, ANGRAU, Lam, Guntur, A.P. 

 

 
 

Hormones play a very important role in our bodies. Hormones are chemical messengers that are part of the 

endocrine system and help with growth and development, metabolism and digestion, fertility, stress and 

mood and more. 

A healthy diet can help keep hormones in sync because Specific nutrients, dietary patterns, and overall 

nutrition may play either beneficial or detrimental roles in hormonal balance. Various nutrition intake 

patterns, from fasting to excess calories, as well as foods with a higher glycemic load, are known to impact 

circulating levels of certain hormones. For example, thyroid hormone regulation is influenced by the state 

of the body, from fed to starved,1 and adequate intake and availability of the nutrient’s selenium, iodine, 

and iron contribute to healthy levels and functioning of thyroid hormones. In addition, the steroid hormone 

cortisol regulates a wide range of body processes. While cortisol itself has an appetite-stimulating 

effect, extremes in nutrition intake, from overeating to starvation, as well as intake of specific nutrients 

such as fish oil, may impact cortisol production and secretion. 

Hormonal Action 
Understanding potential nutrition-hormone relationships, including hormone signalling sensitivity, is a 

key part of the functional medicine approach to hormonal dysfunction. When multiple hormones work 

together at fluctuating levels within a fluctuating environment, this creates a web of interconnection where 

many factors may impact the hormonal balance. Adding to the complexity, the hormonal web can vary from 

one person to the other.  

Nutrition may influence tissue or cellular sensitivity to hormone signals in different ways: by direct or 

indirect paths and based on dietary patterns or specific nutrients. Identifying potential connections 

between nutrition and cellular sensitivity to the hormone signal may highlight additional points of leverage 

where therapeutic intervention may help restore balance. 

Signals for Hormonal Imbalance 
During reproductive years, women can look to their cycle to give them signs that their hormones are out of 

balance. Infertility, 'period problems' like PMS, heavy, painful periods, and migraines all can be signs that 

hormones are out of balance. Sudden weight fluctuations or changes in energy levels could also signal a 

hormonal imbalance. 

Hormones Action in Human Body 
There are over 200 hormones in the body. Estrogen, testosterone, cortisol, insulin, leptin, ghrelin and 

thyroid hormones are the most commonly known. These are linked closely to metabolism, fertility and 

mood. 

Metabolism: 

a. Insulin: Insulin is released from the pancreas after eating a meal and takes sugar (glucose) from 

the blood to cells for energy. Insulin is also the hormone responsible for storing extra sugar as fat. 

b. Leptin: This is released from fat cells and helps control appetite, maintain weight and tell the 

brain you are full. It's often referred to as the "satiety hormone." 

c. Ghrelin: This hormone is responsible for stimulating the appetite and is often called the "hunger 

hormone." 
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d. Thyroid hormones: Triiodothyronine (T3) and thyroxine (T4) help regulate weight, energy, 

temperature, growth of hair, skin and nails and more. 

Reproductive System: 

a. Estrogen: This is the female sex hormone that leads to changes during puberty and helps 

regulate menstrual cycle, maintain pregnancy, keep cholesterol in check and keep bones strong. 

b. Testosterone: The male sex hormone that leads to changes during puberty; increases sex drive, 

bone density and muscle strength (in both men and women). 

Stress and Mood: 

a. Cortisol: Cortisol is released in times of stress and increases blood pressure and heart rate. Over 

production is not recommended for good health, and it's often referred to as the "stress hormone." 

b. Adrenaline: "fight or flight" hormone is released in times of stress and increases heart rate. 

c. Melatonin: This hormone is released at night and prepares the body for sleep. It's often called 

our "sleep-inducing hormone." 

Foods Recommended for Hormone Balance 
Cruciferous vegetables: Cruciferous vegetables are vegetables of the family Brassicaceae. cauliflower, 

cabbage, kale, garden cress, bok choy, broccoli, brussels sprouts and radish. Cruciferous vegetables are 

fantastic for supporting detoxification for hormonal health and balance. Not only do they provide plenty of 

essential nutrients and fibre to assist good gut health, they also support liver detoxification to rid the body 

of excess hormones, specifically estrogen.  

Omega-3 fatty acids: Fat and cholesterol are the building blocks of hormones. Body needs enough 

cholesterol to make sex hormones like estrogen and testosterone. The key is to choose fats high in omega-

3s and to limit saturated fats (and eliminate trans fats). Salmon, canned albacore tuna, walnuts, flaxseed, 

olive oil, avocados and chia seeds are high in omega-3 fatty acids. 

"The good fats in fish improve overall hormonal communication. The endocrine system uses hormones to 

communicate with the brain, which in turn boosts the mood and gives better cognitive skills." 

Avocados: Avocados are loaded with beta-sitosterol, which can positively affect blood cholesterol levels 

and help balance cortisol. The plant sterols in avocados also influence estrogen and progesterone, the two 

hormones responsible for regulating ovulation and menstrual cycles." In a study found that the combination 

of fat and fiber in avocados increased hormones that promote satiety, including peptide YY (PYY), 

cholecystokinin (CCK) and glucagon-like peptide 1 (GLP-1). Adding half an avocado to breakfast or lunch 

to help you stay full for hours,  

Fruits and vegetables (preferably pesticide free): There are studies that show that even one serving 

of a high-pesticide fruit or vegetable (such as strawberries) has a negative impact on fertility. Many 

pesticides act as hormone disruptors, meaning they either mimic hormones in your body or they affect the 

actions of own hormones. All fruits and vegetables are rich in vitamins, minerals and antioxidants.  

High-fiber & carbohydrates: Fruits, vegetables and whole grains. Eating a diet high in fiber can help to 

clear excess hormones from the body. Fiber, as well as lignans, which are abundant in flaxseed will 

facilitate binding and removal of unbound active estrogens. making half our plate with nonstarchy 

vegetables at most meals and one fourth of our plate starchy vegetables like potatoes carrots, or whole 

grains and beans. Including some starch at dinner may help to regulate the hormones melatonin and 

cortisol. Some carbohydrates help to mitigate elevated cortisol levels.  

Prebiotics and probiotics: Probiotics are the good bacteria that reside in the gut, while prebiotics are 

fibrous foods those bacteria nosh on to flourish. The gut is the largest endocrine organ in the body and 

synthesizes and secretes more than 20 hormones that play a role in appetite, satiety and metabolism. 

Eating probiotics like yogurt, fermented foods and prebiotic foods like raw garlic and oats, asparagus, 

almonds, apples and bananas. 

Foods to be avoided: Processed foods, fried foods, sugar, artificial sweeteners and alcohol to avoid 

hormone imbalances. Research suggests that downing artificial sweeteners may alter the gut bacteria, 

which may impact the balance of hunger and satiety hormones i.e., leptin and ghrelin. Alcohol interferes 

with several hormonal processes, from blood sugar control to estrogen metabolism.  

https://www.eatingwell.com/article/291159/what-are-prebiotics/
https://www.eatingwell.com/article/291159/what-are-prebiotics/
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Stress, sleep and exercise: In addition to a healthy diet, getting adequate sleep, keeping stress levels 

low and exercising regularly are all crucial for hormone balance. Sleep deprivation is linked to low 

testosterone in men, and lack of sleep interferes with leptin and ghrelin (hence, people tend to crave for 

carbohydrate foods and snacks when they are tired). 

Chronic stress leads to elevated levels of cortisol, which suppresses the digestive and immune systems and 

can cause high blood pressure. Cortisol also leads to carb cravings. Exercise, meditation, sleep and eating 

chocolate will boost levels of norepinephrine and serotonin. Norepinephrine boosts energy, and serotonin 

is the "feel good" hormone. 

Conclusion 
Hormones impact growth and development, metabolism, digestion, fertility, stress, mood, energy, appetite, 

weight and more. Eating a diet high in fruits, vegetables, whole grains, healthy fats and protein keeps 

hormones balanced. Not eating enough total calories, healthy fats or fiber can disrupt hormones and may 

lead to conditions like obesity, diabetes, infertility and cancer. Lack of sleep, stress, alcohol and processed 

foods can also throw off hormones directly or indirectly by influencing the gut microbiome, which keeps 

hormones balanced. 
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Summary 
A farming system that promotes minimum soil disturbance (i.e., no-till farming), maintenance of a 

permanent soil cover, and diversification of plant species. It enhances biodiversity and natural biological 

processes above and below the ground surface, which contribute to increased water and nutrient use 

efficiency and to improved and sustained crop production. 

Introduction 
Conservation Agriculture (CA) is a farming system that can prevent losses of arable land while 

regenerating degraded lands. It promotes maintenance of a permanent soil cover, minimum soil 

disturbance, and diversification of plant species. It enhances biodiversity and natural biological processes 

above and below the ground surface, which contribute to increased water and nutrient use efficiency and 

to improved and sustained crop production. 

CA principles are universally applicable to all agricultural landscapes and land uses with locally adapted 

practices. Soil interventions such as mechanical soil disturbance are reduced to an absolute minimum or 

avoided, and external inputs such as agrochemicals and plant nutrients of mineral or organic origin are 

applied optimally and in ways and quantities that do not interfere with, or disrupt, the biological processes. 

CA facilitates good agronomy, such as timely operations, and improves overall land husbandry for rainfed 

and irrigated production. Complemented by other known good practices, including the use of quality seeds, 

and integrated pest, nutrient, weed and water management, etc., CA is a base for sustainable agricultural 

production intensification. It opens increased options for integration of production sectors, such as crop-

livestock integration and the integration of trees and pastures into agricultural landscapes. 

 
Figure: Conservation Agriculture 

The Three Principles of Conservation Agriculture 
The first principle in CA is practicing minimum soil disturbance which is essential to maintaining 

minerals within the soil, stopping erosion, and preventing water loss from occurring within the soil. In the 

https://en.wikipedia.org/wiki/No-till_farming
https://en.wikipedia.org/wiki/Biodiversity
https://en.wikipedia.org/wiki/Soil_erosion
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past agriculture has looked at soil tillage as a main process in the introduction of new crops to an area. It 

was believed that tilling the soil would increase fertility within the soil through mineralization that takes 

place in the soil. Also tilling of soil can cause severe erosion and crusting which leads to a decrease in soil 

fertility. Today tillage is seen as destroying organic matter that can be found within the soil cover. No-till 

farming has caught on as a process that can save soil organic levels for a longer period and still allow the 

soil to be productive for longer periods. Additionally, the process of tilling can increase time and labor for 

producing that crop. Minimum soil disturbance also reduces destruction of soil micro and macro-organism 

habitats that is common in conventional ploughing practices. 

 

The second principle in CA is much like the first in dealing with protecting the soil. The principle of 

managing the top soil to create a permanent organic soil cover can allow for growth of organisms within 

the soil structure. This growth will break down the mulch that is left on the soil surface. The breaking down 

of this mulch will produce a high organic matter level which will act as a fertilizer for the soil surface. If 

CA practices were used done for many years and enough organic matter was being built up at the surface, 

then a layer of mulch would start to form. This layer helps prevent soil erosion from taking place and 

ruining the soil's profile or layout. The presence of mulching also reduce the velocity of runoff and the 

impact of rain drops thus reducing soil erosion and runoff. 

The third principle is the practicing diverse crop rotations or crop interactions. Crop rotation can be 

used best as a disease control. This process will not allow pests such as insects and weeds to be set into a 

rotation with specific crops. Rotational crops will act as a natural insecticide and herbicide against specific 

crops. Not allowing insects or weeds to establish a pattern will help to eliminate problems with yield 

reduction and infestations within fields. Crop rotation can also help build up soil infrastructure. 

Establishing crops in a rotation allows for an extensive buildup of rooting zones which will allow for 

better water infiltration. 

Benefits of Conservation Agriculture (CA) 
To be widely adopted, all new technology needs to have benefits and advantages that attract a broad group 

of farmers who understand the differences between what they are doing and what they need. In the case of 

conservation agriculture these benefits can be grouped as: 

Economic benefits: That improve production efficiency. 

Three major economic benefits can result from CA adoption: 

a. Time saving and thus reduction in labour requirement. 

b. Reduction of costs, e.g. fuel, machinery operating costs and maintenance, as well as a reduced 

labour cost. 

c. Higher efficiency in the sense of more output for a lower input. 

d. The positive impact of conservation agriculture on the distribution of labour during the production 

cycle and, even more important, the reduction in labour requirement are the main reasons for 

farmers in Latin America to adopt conservation agriculture, especially for farmers who rely fully on 

family labour. 

Agronomic benefits that improve soil productivity. 

Adopting conservation agriculture leads to improvement of soil productivity: 

https://en.wikipedia.org/wiki/Mineralization_(soil_science)
https://en.wikipedia.org/wiki/Soil_fertility
https://en.wikipedia.org/wiki/Soil_fertility
https://en.wikipedia.org/wiki/No-till_farming
https://en.wikipedia.org/wiki/No-till_farming
https://en.wikipedia.org/wiki/Mulching
https://en.wikipedia.org/wiki/Crop_rotation
https://en.wikipedia.org/wiki/Infiltration_(hydrology)
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a. Organic matter increase. 

b. In-soil water conservation. 

c. Improvement of soil structure, and thus rooting zone. 

d. The constant addition of crop residues leads to an increase in the organic matter content of the 

soil. In the beginning this is limited to the top layer of the soil, but with time this will extend to 

deeper soil layers. Organic matter plays an important role in the soil: fertilizer use efficiency, water 

holding capacity, soil aggregation, rooting environment and nutrient retention, all depend on 

organic matter. 

Environmental benefits that protect the soil and make agriculture more sustainable: 

a. Reduction in soil erosion, and thus of road, dam and hydroelectric power plant maintenance costs. 

b. Improvement of water quality. 

c. Improvement of air quality. 

d. Biodiversity increase. 

e. Carbon sequestration. 

Residues on the soil surface reduce the splash-effect of the raindrops, and once the energy of the raindrops 

has dissipated the drops proceed to the soil without any harmful effect. This results in higher infiltration 

and reduced runoff, leading to less erosion. The residues also form a physical barrier that reduces the speed 

of water and wind over the surface. Reduction of wind speed reduces evaporation of soil moisture. 

One aspect of conventional agriculture is its ability to change the landscape. The destruction of the 

vegetative cover affects the plants, animals and micro-organisms. Some few profit from the change and 

turn into pests. However, most organisms are negatively affected and either they disappear completely or 

their numbers are drastically reduced. With the conservation of soil cover in conservation agriculture a 

habitat is created for a number of species that feed on pests, which in turn attracts more insects, birds and 

other animals. The rotation of crops and cover crops restrains the loss of genetic biodiversity, which is 

favoured with mono-cropping. 

Systems, based on high crop residue addition and no tillage, accumulate more carbon in the soil, compared 

to the loss into the atmosphere resulting from plough-based tillage. During the first years of implementing 

conservation agriculture the organic matter content of the soil is increased through the decomposition of 

roots and the contribution of vegetative residues on the surface. This organic material is decomposed slowly, 

and much of it is incorporated into the soil profile, thus the liberation of carbon to the atmosphere also 

occurs slowly. In the total balance, carbon is sequestered in the soil, and turns the soil into a net sink of 

carbon. This could have profound consequences in the fight to reduce greenhouse gas emissions into the 

atmosphere and thereby help to forestall the calamitous impacts of global warming. 

Conclusion 
Conservation agriculture offers an opportunity for arresting and reversing the downward spiral of resource 

degradation, decreasing cultivation costs and making agriculture more resource- use efficient, competitive 

and sustainable. “Conserving resources- enhancing productivity” has to be the new mission. 
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Introduction 
Water, an extremely valuable resource, is crucial for a variety of functions. All living entities constitutes 

around 70-90% of water. Today, water from natural resources including lakes, rivers, ponds, and oceans is 

used for the majority of uses. Lakes are valuable as supplies of water, as well as for fishing, boating, 

recreation, and tourism. Water resources are under increased stress as a result of climate change and its 

possible repercussions. Eutrophication is the process in which a water body becomes exceedingly enriched 

with nutrients, leading to plentiful growth of simple plant life. The rampant growth of alage and plankton 

in a body of water is a sign of this process. 

Eutrophication is a stage in the life cycle of a lake, which might take years to occur. The process of 

Eutrophication is spontaneous, in which the oxygen levels in a lake deplete as it ages, and the lake 

eventually becomes a marshland. In addition to this, industrialisation and pollution have emerged as key 

contributors, and the process has accelerated. It is a lake water phase in which the lake becomes toxic due 

to an excess of nitrogen and phosphorus and gradually silts up. This occurs in many lakes because of human 

activities, extensive agricultural practises, and significant anthropogenic activities like global warming, 

deforestation, and large-scale environmental damage that has led to many detrimental consequences on 

the ecosystem. 

Mechanism of Eutrophication 
1. Phosphates in detergents, industrial and domestic runoff and fertilisers are now the main contributors 

to eutrophication, which is the cause of this overabundance of phosphates. 

2. As a once-common ingredient in many detergents, sodium triphosphate now plays a significant role in 

eutrophication. 

3. Phosphorus is the primary limiting element for eutrophication. In many freshwater habitats, it is the 

limiting element for plant development. Because phosphates and nitrates are so closely bound to the soil, 

they are mostly transported via leaching and erosion. The difficulty of reversing the effects of 

eutrophication is due to the difficulties of phosphate extraction when it translocated to lakes. 

4. Increased aquatic plant growth and algal blooms impair the ecosystem’s normal operation. Resulting in 

a variety of issues and even fatalities. 

5. Lack of oxygen causes nutrients accumulation because they are not able decompose. Slowly, the aquatic 

ecosystem transitions from aerobic to anaerobic conditions, increasing the number of anaerobes that 

produce a pungent odour commonly produced by methanogens and sulphur bacteria. This aquatic 

ecosystem can no longer sustain life, which is dangerous for the environment. The aquatic ecology 

progressively transforms into a bog and then into a terrestrial ecosystem. 

6. Eutrophication is caused by an excess of nutrients, which promotes the growth of plants and algae. After 

such organisms die, the bacterial degradation of their biomass consumes the oxygen in the water, resulting 

in hypoxia. 

7. The death of these organisms increases the amount of organic and inorganic matter, which needs a lot 

of oxygen to decompose. 
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Fig 1(a). Process of Eutrophication Fig 1(b). Lake affected by Eutrophication 

Major Sources of Nutrient Input 
1. Leaching and Erosion from fertilized agricultural land. 

2. Industrial wastewater and sewage from urban areas. 

3. Nitrogen deposition in the atmosphere (from animal breeding and combustion of gases). 

4. Concentrated livestock feeding operations. 

Types of Eutrophication 
1. Natural Eutrophication: It is the process of nutrient accumulation, flow, and addition to water bodies 

that results in modification to the primary production and species composition of the ecosystem. 

2. Cultural Eutrophication: It is aprocess that contributes to the accerlation of natural Eutrophication 

caused by human activity. Land clearing has accelerated runoff, supplying more nutrients such as 

phosphates and nitrates to lakes and rivers, followed by coastal estuaries and bays. 

Controls 
Projected climate change and the growth of the human population have the potential to severely deteriorate 

the quality and availability of water. The Eutrophication process is heavily reliant on nitrogen and 

phosphorus; therefore, it must be regulated and appropriate action must be taken into account: 

1. It is important to identify and stop sources of phosphorus and nitrogen from getting into the water body. 

2. Prompt removal of sediment and overgrown aquatic vegetation from the water bodies. 

3. Activation of the algal food chain. 

4. Before releasing industrial municipal, and household outflows need to be treated. Excess use of fertilizers 

must be avoided. 

5. Use of Physiochemical techniques for the removal of excessive dissolved nutrients. Testing for nitrogen 

is required. 

6. Chemicals like sodium aluminate, lime, and alum can be used to reduce the level of pollution. 

7. Social awareness of Eutrophication can play crucial role in preventing the Eutrophication of water 

bodies. 

Conclusion 
Eutrophication caused by humans has severely damaged freshwater ecosystems around the world by 

lowering water quality and changing the way ecosystems are built and function. Using nutrient lodging 

limitations to redirect ot treat excessive phosphorous inputs is the first obvious step in protecting and 

restoring the lake. Lake trophic status can be monitored using living organisms. 

To prevent the usage of nitrogenous chemicals, nitrogen testing must be performed. The reduction of 

nutrient inputs, the development of efficient, long-term bio manipulation techniques, and finally the 

restoration of aquatic populations is all necessary for the control and management of cultural 

eutrophication. 
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Wine is a beverage resulting from the fermentation by yeasts of the grape juice with proper processing and 

addition. Ref: Fruits and vegetable preservation by R. P. Srivastava Sanjeev Kumar. 

Technological Flow-Sheet for Processing of Grape Wine 
Ripe Grapes 

 

Removal of Stems 

 
Crushing (Basket Press) 

 
Filling Jar Up to Three-Fourths 

 
Addition of Sugar (20 to 24% TSS) 

 
Adjustment of pH (0.6 to 0.8% Acid) 

 
Addition of Preservative (Kms 1.5 G/10 Kg Grapes) 

 
Keeping for an Hour 

 
Addition of Wine Yeast e.g., Saccharomyces ellipsoideus (20 ml/5 kg grapes) 

 
Fermentation (for 2 days) 

 
Filtration 

 
Fermentation (10 Days) 

 
Racking (Siphoning Off Clear Liquid) 

 
Fining And Filtration (Bentonite) 

 
Aging (Maturation) (6 To 8 Months) 

 
Pasteurization at 85OC (for 2 minutes) 

 
Bottling 

 
Crown Corking 

 
Pasteurization at 85OC (for 2 minutes) 

 
Cooling 

 
Storage 
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Summary 
Citrus plant is susceptible to the attack of various insect-pests from nursery to fruiting stage. It is attacked 

by approximately 250 species of insect-pests in India causing up to 30 per cent yield loss at various stages 

out of which, the citrus butterfly, Papilio demoleus is considered as highly aggressive to Rutaceae family. 

Citrus butterfly, P. demoleus Linnaeus commonly known as the citrus or lime swallowtail, has a successful 

dispersal and becoming a major pest of citrus plants throughout Asia. The caterpillars feed heavily on 

tender leaves right up to the mid ribs and defoliate the entire seedlings or the tree leaving behind only the 

midribs. Its caterpillars’ feeds on the foliage of citrus trees and is regarded as a major citrus pest especially 

in nurseries the larval form cause serious damage to citrus family by devouring large quantity of foliage 

during the later stages of their development. Information about the morphology and biology of citrus 

butterfly will be useful to evolve effective integrated management strategy against citrus butterfly. 

Integrated Pest Management (IPM) is a globally accepted strategy for promoting sustainable management 

of citrus butterfly. 

Introduction 
Citrus (Citrus spp. L.), belongs to family Rutaceae. Citrus fruits, including important species such as sweet 

orange, lemon, mandarin orange, kinnow, limes and pomelos etc. Globally, different species of citrus is 

cultivated in 114 countries. Among these, 53 countries grow citrus for commercial purpose with a total 

production of more than 115 million tonnes. China ranks first with 22.9 million tonnes followed by Brazil 

with 22.7 million tonnes and United States America (USA) with 10.4 million tonnes. While, India have 4th 

position with 10.48 million tonnes. Lemon is native to North-Eastern India, Northern Burma and China. 

Citrus industry is the third largest in the world after mango and banana. Citrus fruits are the major source 

of carbohydrates like sucrose, glucose, fructose and dietary fiber. They decrease circulating blood 

cholesterol and having a fruit after a meal improves iron absorption. Citrus crop is being infested by around 

250 species, out of which 165 species considered as economically important insect-pests in India causing 

up to 30% yield loss at various stages of plant growth from nursery to main orchards. Among the insect 

pests of citrus, the species P. demoleus is widely distributed all over the world and other species of citrus 

butterfly occur in different parts of the globe. It is one of the economically important pests whose larval 

forms cause serious damage to the wild and cultivated species of citrus during the later stages of 

development. The larvae may cause complete defoliation of infested young plants. It is a major pest in 

nurseries, young seedlings and new flush in mature citrus trees. It causes 83% defoliation in young citrus 

plants. 

Citrus Butterfly 
1. Scientific name – Papilio demoleus (Linnaeus)  

2. Taxonomic position: 

a. Kingdom: Animalia 

b. Phylum: Arthropoda 

c. Class: Insecta 

d. Order: Lepidoptera 
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e. Family: Papilionidae 

f. Genus: Papilio 

g. Species: demoleus 

 

3. Host plants: Primarily it is feed on all species of citrus plants (sweet orange, lemon, mandarin orange, 

kinnow, limes and pomelos etc.) and other Rutaceous plants Eg. Bael (Aegle marmelos). 

4. Distribution: It is distributed throughout the India, Africa, Thialand Japan and other parts of Asian 

countries. In India these are grown in almost all the states, specially Maharashtra, Andhra Pradesh, 

Karnataka, Telangana, Madhya Pradesh, Assam and Punjab etc.  

5. Marks of identification: Its freshly laid eggs are yellowish white, round and smooth. Newly hatched 

caterpillars are dark brown and soon develop irregular white markings on their body resembling bird’s 

drop. After some days fully developed caterpillars attach themselves to branches with silk, transforming 

into pupae. The adult butterfly is emerged and has yellow with black markings on all the four wings, having 

wing expanse of about 50-60 mm. Its hind wings have a brick red oval patch near the anal margin and 

there is no tail like extension. 

6. Nature of damage: Caterpillars prefers on light green tender leaves, feeding voraciously and leaving 

only the mid-ribs of the leaves. When its severe population on plants, it can cause complete defoliation and 

causing up to 30 per cent yield loss. 

 

7. Favourable conditions: The larval population density will be high during October to December months 

and July to December is the most favorable period of its activity in general. It is able to survive during the 

winter even though temperatures dropped below 0°C. 

8. Life cycle (Bionomics): Citrus butterfly (Papilio demoleus L.) is a major and regular pest of citrus 

causing 30% yield loss at various stages of plant growth. Its life cycle completed in four stages viz. egg, 

larva, pupa and adult. Its eggs are yellowish white, round and smooth eggs are laid singly or in group on 

tender leaves and shoots. Its egg incubation, larval, pre-pupal and pupal period completed in 2-3, 17-18, 1-

2 and 9-10 days, respectively with 5 larval instars. The female adult longevity period of 6-7 days and male 

longevity period of 3-4 days respectively. The caterpillars attach themselves to branches with silk, 

transforming into pupae. They remain in the pupal form for 2–3 weeks before emerging as adults. It is 

emerged as a big beautiful butterfly with yellow and black markings on all the four wings, having wing 

expanse of about 50-60 mm. Its hind wings have a brick red oval patch near the anal margin and there is 
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no tail like extension behind though common in Papilionidae. It is complete their entire life cycle within 

23-30 days. 

 

Integrated Pest Management 
1. Collect and destroy the caterpillar by hand picking to prevent population buildup. 

2. Clean the alternate host or other wild citrus plants to prevent the severity.  

3. Grow the trap crops around the garden to attract and kill the pest.  

4. Grow attractant plants such as apiaceae (ambelliferae) family, asteraceae (compositae) family, 

buckwheat, alfalfa, corn, shrubs attract to lacewings. 

5. Grow the resistant cultivars at proper distance with repellent plants and grow nectar rich plants with 

small flowers i.e., caraway, parsley, anise, sunflower, mustard, cowpea and buckwheat attract to braconid 

wasp.  

6. Use the natural enemies, young caterpillars were attacked by yellow wasp (Polistes hebreus F.) and 

praying mantis (Creobratar gemmatus) 

7. Conserve the parasitoids such as Trichogramma evanescens, Egg parasitod- Telenomus spp., larval 

parasitoid- Brachymeria spp, Cotesia and Distatrix papilionis (causing up to 30 per cent parasitism in 

India), Pupal parasitoid- Pteromalus sp. 

8. Install bird perches @ 10/ acre should be erected for facilitating field visits of predatory birds. 

9. Release egg parasitoid Trichogramma chilonis and Telenomus sp., they cause more than 75 per cent 

parasitism. 

10. Encourage the activity of larval parasitoids: Pristomerus testaceus, Cremastus flavoorbitalis, Apanteles 

lunatus and Pteromalus puparum are effective natural enemies of both larvae and pupae of lemon butterfly.  

11. Avoid using chemical insecticides at the time of fruit maturation and harvest because the synthetic 

pyrethroids cause resurgence in the insects. 

12. In case of severe infestation spray Neem Seed Kernal (NSKE) @ 0.5% twice at 8 days interval is 

effectively reduce the pest population as it has proved strong anti-feedant and repellant activity against 

citrus butterfly.  

13. Spray Azaditachtin 0.5% and Nimbecidin 0.03% @ 4.5ml/L water are effective botanicals against the 

caterpillars of citrus butterfly.  

14. If the incidence crosses ETL, spray any one of the insecticides starting from one month after planting 

at 15 days interval, Neem oil 1500 ppm @ 1-1.5 ml/lit. or Beauveria bassiana, Metarhizium anisopliae @ 5-

10 ml/lit. 
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Conclusions 
The species Papilio demoleus L. being known as lemon or citrus butterfly is the most prevalent species and 

mostly found in greater parts of Asia countries, Japan and Formosa Island in Taiwan. The attack of lemon 

butterfly on citrus leaves directly affects the growth and development of citrus plant and fruits. The 

caterpillars of citrus butterfly feed voraciously and cause extensive damage to nurseries and young 

seedlings leaving only midribs. Intensive agricultural practices relying heavily on chemical pesticides are 

a major cause of wide spread ecological imbalances resulting in serious problems of insecticide resistance, 

pest resurgence and pesticide residues. There is a growing awareness world over on the need for promoting 

environmentally sustainable agriculture practices. Integrated Pest Management (IPM) is a globally 

accepted strategy for promoting sustainable agriculture. In other to control its infestation these are the 

control measures cultural, mechanical, biological and chemical control. These control practices are 

considered as eco-friendly approach to prevent the environmental hazards. 
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Background 
Feeding constitute more that 70% of the cost in animal rearing. In India, the major agro-residues in terms 

of volumes generated (in million metric tons, MMT) were Rice Straw (112.00), Rice Husk (22.40), Wheat 

Straw (109.90), Sugarcane Tops (97.80) and Bagasse (101.30) (Saritha et al. 2012). Valley of Kashmir 

though blessed with having good number of alpine and sub alpine supporting sheep grazing during summer 

season. However due to inclement weather conditions and snowfall during winter months (November to 

April), these pastures and community grazing lands are covered with snow and the farmers are left with 

paddy straw as the only major source of fodder. Rice straw is usually fed untreated without supplements 

in spite of the fact that many methods for improved utilization of rice straw have been developed and 

recommended. There are several reasons for farmers not to apply the already developed methods for 

improved utilization of straw, such as physical, socio-economic conditions and practical reasons (Devendra, 

1997). In general, the use of rice straw as an animal feed as well as its treatment is always an economic 

decision. Paddy straw being low in nutrients required by animals fails to satisfy the nutritional 

requirement of animals. As such fortification of paddy straw by urea-molasses-salt enhances its nutritional 

value and hence animal production during lean periods when green fodders are not available for feeding of 

animals. 

Urea-Molasses-Straw is a basal feed containing urea, molasses and straw mixed at a ratio of 1:5:100 for 

feeding ruminant animals. By this method the paddy straw that is otherwise a poor feed is enriched with 

nitrogen (N) from urea and soluble energy (CHO) from molasses and hence a good feed for ruminants (Dairy 

cow). Fortification of straw by urea and molasses is a proven and a well-established technology of increasing 

the nutritive value and palatability of otherwise a poor source of feed. When straw is kept covered in this 

process, urea is converted into ammonia gas which darkens the colour of the paddy Straw, thus increasing 

the proteins in it and making it easily digestible for the animals. Fungi cannot grow in the Wheat Straw 

when urea is mixed in it. The treated straw should be kept covered in a closed area for 20-25 days. After 

that, either you can keep it in an open or a closed area and it is safe to use; but protect it from harsh 

weather. However, during summer the treated paddy Straw may be kept in an open environment for some 

time after a 20-day treatment so that the extra ammonia and its smell disappears, before feeding it to the 

animals.4-5-kilogram fodder can be fed daily to pregnant and lactating animals, and even to those which 

are non-lactating animals. The straw should however be fed by mixing it with green fodder, so that 

nutritional requirements of the animals are fulfilled. Worth to mention here that this process has different 

effects on the straw when it is treated with or without molasses. The quantity of the proteins in the paddy 

straw increases when only urea is used in the preparation of the paddy straw. But when molasses is mixed 

with paddy straw, then in addition to increase in protein value, its energy content is also increased and 

animals get more energy. The quantity of the urea should be appropriate during the preparation of the 

paddy Straw. It is also important to ensure that urea is dissolved well in water properly. Provide a lot of 

water to the animals. Usually treated paddy straw does not create any problem. But if somehow the animal 

consumes more urea, its adverse effects can be neutralized by giving the animal more water or water mixed 

with vinegar. Warly et al. (1992) showed in a field trial that a ration of rice straw supplemented with 

soybean meal increased both degradability and intake. Because of the poor quality of untreated rice straw, 

supplementation easily can increase milk production, as shown for supplementation with cottonseed meal 
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(Wanapat et al. 1996); with an ureamolasses- multi-nutrient block (Akter et al. 2004) and urea molasses 

treatment (Sheikh et al. 2014). 

Scientific Intervention 
Realizing that sheep breeders spend more on concentrate feeds in absence of green fodder and quality dry 

fodder in Kashmir valley, a front-line demonstration (FLD) through KVK-Ganderbal was laid on the 

fortification of paddy straw by urea-molasses-salt with a view to enhance its nutritional value wherein 

fertilizer grade urea serve as protein, molasses as energy and salt with mineral mixture as energy source. 

To 100 kgs of chaffed fodder, urea, molasses, salt, mineral mixures were added @ 5 and 10 percent 

respectively.  The farmers owning some 165 sheep was given hands on training on, ‘fortification of paddy 

straw by urea-molases’ and was educated about the preparation of the fortified straw along with Do’s and 

Don’t’s of the procedure. 

Output 
The treated and untreated paddy straw was analysed for dry matter, crude protein, effect on average dry 

matter intake, average daily gain and the economics with respect to the reduction in feed cost. The positive 

change in chemical composition of paddy straw is depicted in the table given below: 

Parameter Untreated paddy straw Treated paddy straw 

Dry matter (%) 91 56 

Crude Protein (%) 3.40 7.25 

Avg. Dry matter intake (g/day) 745 798 

Avg. daily gain (g/day) 72.4 96.6 

Reduction in feed cost/animal (%) 15% as the farmer reduced feeding the concentrate part by 50% 

As evident, there was reduction in dry matter and enhancement of the protein value, dry matter intake 

and daily weight gain and hence profitability of the farmer. Further the more dependence on imported 

concentrate ration was reduced as the animals were showing now better growth on the fortified paddy 

straw. 

Outcome 
Contrary to the previous year this year, the progressive farmer under study, Nasir Ahmad Malla had 165 

sheep comprising of 66 ewes 52 lambs, 29weaners and 18 rams. The farmer was not able to expand his 

farm for large investment of winter-feeding during winter months during which he had to kept animals 

indoor. After receiving training programmes and attending the FLD programmes conducted by KVK-

Ganderbal the farmer adopted the technology and he was encouraged to expand his farm and today, he 

owns 58 sheep and is motivated to expand it further. 

Impact 
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The success of the farmers under study in reducing winter feeding cost encouraged the other farmers in 

the vicinity to adopt the technology and a number of farmers are approaching KVK-Ganderbal since then 

to receive the training on fortification of poor quality paddy straw. 

References 
1. Akter, Y., M. A. Akbar, M. Shahjalal and T. U. Ahmed. 2004. Effect of urea molasses multi-nutrient blocks supplementation 

of dairy cows fed rice straw and green grasses on milk yield, composition, live weight gain of cows and calves and feed intake. 

Pak. J. Biol. Sci. 7(9):1523-1525. 

2. Devendra, C. 1997. Crop residues for feeding animals in Asia: Technology development and adoption in crop/livestock systems. 

In: Crop Residuals in Sustainable Mixed Crop/livestock Farming System (Ed. C. Renard). CAB International; Wallingford, 

UK. pp. 241-267. 

3. Saritha, M., A. Arora, L. Naina, (2012). Pretreatement of paddy straw with Trametes hirsute for improved enzymztic 

saccharification bioresour technol. 104:459-65 

4. Sheikh, G. G., T.K. Sarkar, Ganai, A.M,  H.A. Ahmad, S. Islam (2014). Effect of feeding urea molasses impregnated paddy 

straw on nutrient utilization, milk yield and economics of feeding in crossbred cows. Indian journal of animal nutrition 

31,2:152-155. 

5. Wanapat, M., K. Sommart and K. Saardrak. 1996. Cottonseed meal supplementation of dairy cattle fed rice straw. Livestock 

Research for Rural Development. 8(3) (http://www.fao.org/ ag/AGa/ AGAP- /FRG/FEEDback/lrrd/lrrd8/3/metha83.htm). 

6. Warly, L., T. Matsui, T. Harumoto and T. Fujihara. 1992. Study on the utilization of rice straw by sheep: Part I. The effect of 

soybean meal supplementation on the eating and rumination. 

  

http://www.fao.org/


 

 
Volume 04 - Issue 12 - December 2022       39 | P a g e  
 

Plasticulture 
Article ID: 38613 

Ditti Sood1, Simranjeet1 

1Department of Agriculture, CGC jhanjeri Mohali Punjab-140307. 

 

 
 

Introduction 
Use of plastic material in agricultural practices is referred to plasticulture. Plasticulture includes all kinds 

of plant or soil coverings ranging from mulch films, row coverings, poly -tunnels to greenhouses. The Green 

Revolution with its emphasis on high yielding variety seeds, fertilisers, pesticides and better methods of 

farming, swept like a wave into the Indian countryside. It turned us from being deficient in food grains to 

being self -sufficient. But the increase in agricultural yield has to keep pace with the growing population. 

To remain self- sufficient in food grains, we need another green revolution, or rather, a greener, revolution. 

Innovative agro practices need be adopted towards transformation of Indian agriculture to precision 

farming practices which will result in stretching our agro input resources manifold to increase agricultural 

productivity both in quality and quantity. Plasticulture applications are one of the most useful indirect 

agricultural inputs which, hold the promise to transform Indian agriculture and bring in the "Second Green 

Revolution" The use of lightweight plastic or mulch is to cover the seed bed in order to control the soil 

temperature, retain moisture, and retard weeds and insect invaders. Polythene plastic film is used majorly 

for plasticulture by growers, because of its flexibility, easy manufacturing and affordability. 

Why Plasticulture? 
Plastics can play a major role in energy conservation. They require minimum energy in production and 

conversion to finished products. Plastics have definite advantages over conventional materials. 

1. Higher strength / weight ratio. 

2. Superior electrical properties. 

3. Superior thermal insulation properties. 

4. Excellent Corrosion resistance 

5. Superior flexibility. 

6. Impermeability to water, gas, etc. 

7. Resistance to chemicals. 

8. Less friction due to smoother surface. 

 

Reasons for Adoption of Plasticulture Technology 
1. Water Saving (>20%) 

2. Labour Saving (7.5%-18.75%) 

3. Fertilizer Saving (~28%) 
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4. Higher Production (~42%) 

5. Quality of produce. 

6. Early fruiting (7-21 days) 

7. Proper utilization of land (Reclamation of waste land :3.5%, Irrigated land increase ~8.5%). 

Major Plasticulture Applications 

 

Plastic in Nursery Management 
Plastic bags, pots, pro-trays, sprayers, hanging baskets are used to produce quality seedlings, grafts and 

plants. These applications help in easy handling and transportation. 

Plastic Mulch: Plastic mulch utilizes sheets of plastic that cover the soil with holes allowing plants to 

grow through. Plastic mulch can increase crop yields by: 

a. Discouraging weed growth and protecting against insect pests and birds 

b. Conserving water by preventing evaporation 

c. Helping to prevent erosion and keeping the soil warm, which can support crop productivity 

d. Protecting against extreme weather like freezing temperatures, hail, and flooding2 

e. Keeping fumigants in the soil rather than allowing them to escape into the air for certain crops, 

like strawberries. 

Silage: 

a. Another application of plasticulture today is as an airtight cover for silage or other animal feed 

grains. Flexible plastic sheets can be wrapped tightly around harvested grains and straw bales; this 

keeps them dry and fresh for months or more at a time.  

b. Polyvinyl chloride, or PVC, and polyethylene are both commonly used in pipes for irrigation and 

hydroponic systems. These relatively light plastic tubing materials also resist corrosion, making 

them an attractive alternative to metal pipes. Petroleum-based nursery pots, crates, and other 
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containers made from durable but lightweight plastics represent another significant category of 

plasticulture. 

Plastic Greenhouses and Tunnels: 

a. Perhaps the most visually prominent form of plasticulture is its use in the construction of 

greenhouses and high tunnel structures (hoophouses) that allow many crops to be grown in a 

protective indoor environment. 

b. These structures absorb the sun’s heat and light while regulating growing temperatures and 

protecting plants from the elements. They are frequently constructed from polycarbonate sheets 

that provide strength and durability. A thin film made from ethylene-vinyl acetate copolymer, or 

EVA, is then used to cover the tunnels. 

c. Plastic greenhouses and tunnels can promote greater soil carbon sequestration, locking planet-

warming carbon in the ground rather than emitting it into the atmosphere.4 They are also 

associated with lower water consumption and help shield against crop pests, which is especially 

useful in organic farming. 

Conclusion 
Plastic used in agriculture is boon to the agriculture sector. With the use of plastic in agriculture 

productivity and production both can be increased because this technology controls the pest and weed 

population. Due to lack of local level service and information farmers are still not aware about the 

plasticulture and its benefits. Plastics are used in agriculture in one way or the other form from the soil 

preparation to the post -harvest packaging, In India shape of farming will be changed with the advancing 

importance of plastic with its flexible nature. 
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Talinum fruticosum (L.) Juss. is a perennial, non-conventional, herbaceous and glabrous plant belongs to 

the family Talinaceae. It is commonly called as waterleaf, Ceylon spinach, Surinam purslane, Philippine 

spinach, Espinaca de Java, and Sweetheart. This is an edible leafy vegetable with good nutritional 

properties besides having fodder and medicinal utility. Mostly, it is collected from wild and consumed after 

cooking. 

 

Distribution 
Waterleaf is native to tropical America with pantropical distribution. It is observed from Mexico, Southern 

United States, tropical Africa, Java, India and Asian countries. Cultivation of this leafy vegetable is also 

reported from Nigeria, Cameroon and Asia. But in India, Cultivation practices for this plant are not yet 

standardized. 

Morphological Description 
It is an herbaceous, perennial, mucilaginous plant with prominent stem. Stem is erect, succulent, glabrous 

which is pink at base and green in tip. Leaves are simple and alternate. Inflorescences are terminal and 

axillary. Flowers are complete and bisexual. Petal is purple in colour and stamens are free and numerous. 

Ovary is superior and green. Fruits are globose, pale green while immature and yellow when mature. Seeds 

are tiny, black and numerous. 

Habitat 
Waterleaf tolerates wide habitat condition and occurs along roadsides, wastelands, forest edges from sea-

level up to 1000 m. It tolerates drought too. It grows well in fertile soils rich in organic matter but can 

survive under wide range of soils including infertile and salty soil with moderate growth. 

Propagation 
It is propagated by both seed and cuttings. Smaller sized seeds can sown either by directly on field or in 

nursery bed. Germination starts on 5th day after sowing and 2-3 weeks old seedling can be transplanted in 

the main field. Cuttings made from young shoots (10 – 15 cm) can be planted directly in field. 

Nutritional Values 
Talinum fruticosum contains rich crude protein (≈ 12%), crude fat (≈ 2%), crude fiber (≈ 18.30 %) and 

carbohydrate (≈ > 30 %) (Adekanmi et al., 2020). Potassium (262 mg/100 g) is relatively higher in Talinum 

than the phosphorus (79 mg/100 g) and other minerals (Alozie et al., 2018). Hundred gram of dry waterleaf 

contains 196.50, 74.60, 70.40, 156.60 and 80.60 mg of P, Ca, Mg, K and Na, respectively (Agunbiade et al., 

2015). 
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Water leaf contain sufficient quantum of micronutrients like iron (1.92 %), zinc (1.58 %), manganese (0.88 

%) and copper (0.18 %). It is a rich source of vitamin C, vitamin E, Omega-3 fatty acids, pectin and β-

carotene. In addition, it also posses significant proportion of bioactive compounds such as flavonoids, 

alkaloids and saponins. 

Medicinal Values 
Vitamins and minerals of water leaf contribute to high antioxidant values of waterleaf. Consumption of 

waterleaf improves bone health as it contains rich calcium and phosphorous. Further, it ensures eye health 

and reduces the risk of cataract by providing vitamin A. Waterleaf is an excellent dietary source of iron 

and thus by reduces the anemia in humans. It also reduces the risk of developing Alzheimer’s disease as it 

supplies vitamin C.  Research reports are available for diuretic properties, management of gastrointestinal 

disorders, scabies and high blood pressure. 

Tolerance 
Waterleaf tolerates wide range of soil, water and environmental conditions. Talinum fruticosum (L.) Juss. 

is one of the underutilized leafy vegetables which is having significant potential to withstand salty 

irrigation water and soil. Talinum fruticosum can able to tolerate the irrigation water EC up to 6 dS/m and 

soluble sodium percentage (SSP) up to 40 without any adverse effect on growth and quality of produce. 

Mineral content of the Talinum leaf generally increases with increasing salinity level. This plant is often 

tested for phytoremediation of contaminated soil with iron (Fe), cobalt, lead and zinc. This plant can able 

to thrive well even up to the soil pH of 9.4 with exchangeable sodium percentage is more than 15 % 

(Manikandan, 2021). 

Utility 
It is primarily used as leaf vegetables either raw in salads or cooked. Further it is also utilized in making 

soups and thickening sauce. It poses numerous medicinal values in humans. Above all, it can be considered 

as green forage for rabbit and livestock. 

Limiting Factors 
Waterleaf contains relatively higher oxalate content which causes kidney diseases in humans. Cooked 

waterleaf has approximately 50 percent less soluble oxalate than raw waterleaf. Hence, raw leaves are 

generally not recommended for human consumption. Presence of tannin in waterleaf is also non-desirable 

parameter for leafy vegetables. Basically, it is considered as a weed but it is easy to manage. 

Conclusion 
Considering nutritional value, medicinal properties, fodder values and tolerance to salty soils, waterleaf is 

considered as a potential leafy vegetable crop for both normal and salt affected lands. In addition, this crop 

can be recommended where irrigation water is salty. This nutritious leafy vegetable has significant 

potential for meeting the green fodder demand of the country as it is palatable, protein rich fodder to 

livestock, higher green biomass yield, possibility of multiple cut and faster growth. 
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Introduction 
Concentration refers to the mental effort individual direct toward whatever you’re working on or learning 

at the moment. It’s sometimes confused with attention span, but attention span refers to the length of time 

you can concentrate on something. 

If individual have great powers of concentration that means person able to focus all your attention on the 

matter at hand. Concentration can also refer to something that's clustered together or to the density or 

strength of a solution. 

A concentration of people means that there are many of them in one area. Your city may have a 

concentration of artists living in the warehouses by the river. A high concentration of a substance in a 

solution means that there's a lot of it relative to the volume: the Great Salt Lake has very few fish because 

of the high concentration of salt. To say that individual have good concentration skills means that person 

pay attention well. 

Tips to Improve Concentration 
1. Train the brain: Playing certain types of games can help you get better at concentrating. Try: 

a. Sudoku 

b. crossword puzzles 

c. chess 

d. jigsaw puzzles 

e. word searches or scrambles 

f. memory games. 

2. Get the game on: Brain games may not be the only type of game that can help improve concentration. 

Newer research also suggests playing video games could help boost concentration. 

3. Improve sleep: Sleep deprivation can easily disrupt concentration, not to mention other cognitive 

functions, such as memory and attention. Occasional sleep deprivation may not cause too many problems 

for you. But regularly failing to get a good night’s sleep can affect your mood and performance at work. 

Being too tired can even slow down your reflexes and affect your ability to drive or do other daily tasks. A 

demanding schedule, health issues, and other factors sometimes make it difficult to get enough sleep. But 

it’s important to try and get as close to the recommended amount as possible on most nights. 

Many experts recommend adults aim for 7 to 8 hours of sleep each night. Improving the sleep, you do get 

can also have benefit. A few quick tips: 

a. Turn off the TV and put away screens an hour before bed. 

b. Keep your room at a comfortable but cool temperature. 

c. Wind down before bed with soft music, a warm bath, or a book. 

d. Go to bed and get up around the same time each day, even on weekends. 

e. Exercise regularly, but try to avoid a heavy workout just before bed. 

4. Make time for exercise: Increased concentration is among the many benefits of regular exercise. 

Exercise benefits everyone. 

5. Spend time in nature: If you want to boost your concentration naturally, try to get outside every day, 

even for just 15 to 20 minutes. You might take a short walk through a park. Sitting in your garden or 

backyard can also help. Any natural environment has benefits. 

6. Give meditation a try: Meditation and mindfulness practices can offer multiple benefits. Improved 

concentration is only one of these. 

https://www.healthline.com/nutrition/how-much-sleep-you-need
https://www.healthline.com/health-news/having-trouble-sleeping-try-a-hot-bath-before-bed
https://www.healthline.com/nutrition/10-benefits-of-exercise
https://www.healthline.com/health-news/spending-two-hours-a-week-in-nature-can-help-your-health
https://www.healthline.com/nutrition/12-benefits-of-meditation
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7. Take a break: How can taking a break from work or homework increase your concentration? This idea 

might seem counterintuitive, but experts say it really works. Consider this scenario: You’ve spent a few 

hours on the same project, and suddenly your attention starts to wander. Even though it’s hard to keep 

your mind on the task, you stay at your desk, forcing yourself to keep going. But your struggle to focus just 

makes you feel stressed and anxious about not completing your work in time. You’ve probably been there 

before. Next time this happens, when you first feel your concentration drop, take a short mental break. 

Refresh yourself with a cool drink or nutritious snack, take a quick walk, or go outside and get some sun. 

When you return to work, don’t be surprised if you feel more focused, motivated, or even creative. Breaks 

can help boost these functions and more. 

8. Listen to music: Turning on music while working or studying may help increase concentration.  Even 

if individual don’t enjoy listening to music while you work, using nature sounds or white noise to mask 

background sounds could also help improve concentration and other brain functions, according to research. 

The type of music individual listens to can make a difference. Experts generally agree classical music, 

particularly baroque classical music or nature sounds are good choices to help increase your focus. If person 

don’t care for classical music, try ambient or electronic music without lyrics. Keep the music soft, or at 

background noise level, so it doesn’t end up distracting you. It’s also important to avoid choosing music you 

love or hate, since both types can end up distracting you. 

9. Vary the diet: The foods individual eat can affect cognitive functions like concentration and memory. 

Avoiding processed foods, too much sugar, and very greasy or fatty foods. To boost concentration, try eating 

more of the following: 

a. fatty fish (think salmon and trout) 

b. eggs (white and yolk both) 

c. blueberries 

d. spinach. 

Individual can find more brain foods on this list. Staying hydrated can also have a positive impact on 

concentration. Even mild dehydration can make it harder to focus or remember information. Eating 

breakfast can help by boosting your focus first thing in the morning. Aim for a meal that’s low in added 

sugars and high in protein and fiber. Oatmeal, plain yogurt with fruit, or whole-grain toast with eggs are 

all good breakfast choices. 

10. Drink caffeine: There’s no need to include caffeine in your diet if you prefer to avoid it, but research 

trusted Source does suggest caffeine can benefit your attention and focus. 

If you feel your concentration starting to drop, consider a cup of coffee or green tea. A serving of dark 

chocolate — 70 percent cacao or higher — can have similar benefits, if you don’t enjoy caffeinated beverages. 

11. Try supplements: Some supplements may help promote better concentration and improved brain 

function. You’ll want to check with your healthcare provider before trying any supplements, especially if 

you have any health conditions or allergies. A doctor can go over the possible benefits and risks of 

supplements with you and may recommend one that’s best for your needs. It’s often possible to get all the 

vitamins you need by adding certain foods to your diet, but supplements can sometimes help you meet daily 

intake goals. 

The following supplements may help promote increased concentration and overall brain health: 

a. folate 

b. choline 

c. vitamin K 

d. flavonoids 

e. omega-3 fatty acids 

f. guarana seed extract. 

12. Do a concentration workout: Concentration workouts often help children who have trouble focusing. 

This mental workout involves fully devoting attention to an activity for a set period of time. 

Try these activities: 

a. Draw or doodle for 15 minutes. 

b. Spend a few minutes tossing a balloon or small ball with another person. 

https://www.healthline.com/health/depression/benefits-sunlight
https://www.healthline.com/health/adhd-music
https://asa.scitation.org/doi/abs/10.1121/1.4920363
https://www.eurekalert.org/pub_releases/2009-04/arrs-bcm042309.php
https://www.healthline.com/nutrition/11-brain-foods
https://www.healthline.com/nutrition/7-health-benefits-of-water
https://www.healthline.com/nutrition/12-best-foods-to-eat-in-morning
https://www.ncbi.nlm.nih.gov/pubmed/23241646
https://www.ncbi.nlm.nih.gov/pubmed/23241646
https://www.healthline.com/nutrition/top-13-evidence-based-health-benefits-of-coffee
https://www.healthline.com/nutrition/top-10-evidence-based-health-benefits-of-green-tea
https://universityhealthnews.com/daily/memory/increase-concentration/
https://www.healthline.com/nutrition/foods-high-in-folate-folic-acid
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c. Set a timer for 3 to 5 minutes. Try to blink as little as possible. 

d. Suck on a lollipop or hard candy until it’s gone — resist the urge to bite into it. Pay attention to 

the flavor, the sensation of the candy on your tongue, and how long it takes to eat it completely. 

e. After completing one of the activities, ask the child to write a short summary or sketch how they 

felt during the experience. Young children can simply use words to describe their feelings. Talking 

about where they lost concentration and how they managed to refocus can help them develop these 

skills for use in daily tasks. A concentration workout can benefit adults, too, so feel free to give it a 

try yourself. 

Conclusion 
Concentration means control of attention. Concentration is the ability to think carefully about 

something you are doing and nothing else. It means controlling the attention. It is the ability to focus 

the mind on one subject, object or thought and at the same time exclude any other unrelated thoughts, 

ideas, feelings and sensations. Learning how to improve concentration is not something individual can 

achieve overnight. Professional athletes like golfers, sprinters, gymnasts take plenty of time to practice 

(and usually have a coach) so that they can concentrate and get the right move at the right moment to 

achieve excellence. The first step to strengthen the concentration is to recognize how it is affecting the life. 

If individual is struggling to meet commitments, constantly sidetracked by the unimportant, or not moving 

toward your aspirations, it is time to get help with concentration so that person can focus on what matters 

most to individual. Learning how to concentrate at work is essential for succeeding in the career and life. 

By improving the concentration, he/she will find that individual can accomplish more of what individual 

value and feel better doing it. It’s not just about accomplishing tasks but about making time for joy and 

happiness so that individual can achieve a meaningful and satisfying life. 

 
  

https://www.betterup.com/en-us/about-us/blog/introducing-betterup-and-why-everyone-needs-a-coach-in-their-corner?hsLang=en
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Introduction 
Vitamin A deficiency (VAD) or hypovitaminosis A is a lack of vitamin A in blood and tissues. It is 

common in poorer countries, especially among children and women of reproductive age, but is rarely seen 

in more developed countries. Nyctalopia (night blindness) is one of the first signs of VAD, as the vitamin 

has a major role in phototransduction. Xerophthalmia, keratomalacia, and complete blindness can follow 

if the deficiency is more severe. 

Vitamin A deficiency is when your body lacks the amount of vitamin A it needs to function properly. 

Vitamin A deficiency can cause vision loss and blindness. It can also lead to complications with your skin, 

heart, lungs, tissues and immune system. 

 

Who does Vitamin A Deficiency Affect? 
Vitamin A deficiency can affect people who don’t get enough vitamin A in their diets. It also affects people 

with certain liver disorders and conditions that affect how their bodies can absorb vitamins. In developing 

countries around the world, many people don’t get enough vitamin A. Infants, children and people who are 

pregnant or breastfeeding are the most at risk. Vitamin A deficiency is the leading cause of blindness in 

children around the world. Every year, between 250,000 children and 500,000 children worldwide become 

blind because of vitamin A deficiency. 

What Complications Can Occur Due to Vitamin A Deficiency? 

 
Vitamin A deficiency can led to many complications, including: 

1. Eye problems: Vitamin A is a key factor in many functions of your eyes. Vision loss and blindness can 

occur. 

2. Skin issues: A lack of vitamin A can cause dry, scaly and/or itchy skin. 

https://en.wikipedia.org/wiki/Vitamin_A
https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Tissue_(biology)
https://en.wikipedia.org/wiki/Nyctalopia
https://en.wikipedia.org/wiki/Visual_phototransduction
https://en.wikipedia.org/wiki/Xerophthalmia
https://en.wikipedia.org/wiki/Keratomalacia
https://my.clevelandclinic.org/health/diseases/17732-vitamin-deficiency-anemia
https://my.clevelandclinic.org/podcasts/health-essentials/all-about-vitamin-deficiencies-with-dr-kelly-raj
https://my.clevelandclinic.org/health/articles/5182-breastfeeding
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3. Infertility: Vitamin A plays an important role in your reproductive system. Vitamin A deficiency can 

lead to trouble conceiving and infertility. 

4. Growth issues: Vitamin A deficiency can cause delayed growth and development in children. 

5. Respiratory tract infections: Vitamin A deficiency can cause problems with your immune system. 

This can lead to infections in your chest and throat. 

What are the Signs and Symptoms of Vitamin A Deficiency? 
One of the early signs of vitamin A deficiency is night blindness (nyctalopia). If you have night blindness, 

you have trouble seeing well in the dark, but you can see normally if enough light is present. A retinal 

disorder causes night blindness. 

As the vitamin A deficiency worsens, the whites of your eyes and your corneas can become dry and you 

aren’t able to produce tears (xerophthalmia). Foamy spots called Bitot spots may appear in the whites of 

your eyes. Open sores on your corneas (corneal ulcers) may appear, or drying or clouding of your corneas 

(keratomalacia), which can lead to blindness. 

 

What Causes Vitamin A Deficiency? 
Vitamin A deficiency occurs when you don’t get enough vitamin A in your diet. While rare in the United 

States, vitamin A deficiency happens frequently in developing countries around the world. People in 

impoverished nations don’t get enough food with vitamin A. 

Vitamin A deficiency also occurs because of liver disorders. Your liver stores most of your body’s vitamin 

A, and liver disorders can interfere with vitamin storage. 

Diseases and conditions that impair your intestine’s ability to absorb fat can also cause vitamin A 

deficiency. These conditions can reduce your body’s ability to absorb vitamins such as vitamin A. These 

conditions include: 

a. Chronic diarrhea. 

b. Celiac disease. 

c. Cystic fibrosis. 

d. Certain pancreatic disorders. 

e. Bile duct blockage. 

f. Zinc or iron deficiency. 

g. Small bowel bypass or bariatric surgery. 

h. Alcohol use disorder. 

i. Intestine or pancreas surgery. 

Prevention of Vitamin A Deficiency? 
The best way to prevent vitamin A deficiency is to eat a healthy diet that includes foods that contain 

vitamin A. Vitamin A can be found naturally in: 

https://my.clevelandclinic.org/health/diseases/16083-infertility-causes
https://my.clevelandclinic.org/health/articles/21559-child-development
https://my.clevelandclinic.org/health/articles/4022-upper-respiratory-infection
https://my.clevelandclinic.org/health/symptoms/10118-night-blindness-nyctalopia
https://my.clevelandclinic.org/health/diseases/9030-dry-eyes
https://my.clevelandclinic.org/health/body/21562-cornea
https://health.clevelandclinic.org/5-vitamins-you-might-be-missing/
https://my.clevelandclinic.org/health/articles/21481-liver
https://my.clevelandclinic.org/health/diseases/4108-diarrhea
https://my.clevelandclinic.org/health/diseases/14240-celiac-disease
https://my.clevelandclinic.org/health/diseases/9358-cystic-fibrosis
https://my.clevelandclinic.org/health/treatments/21153-bariatric-weight-loss-surgery-for-treating-diabetes
https://my.clevelandclinic.org/health/diseases/3909-alcoholism
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1. Green vegetables, such as leafy greens and broccoli. 

2. Orange and yellow vegetables, such as carrots, pumpkin, sweet potatoes and squash. 

3. Orange and yellow fruits, such as oranges, mangos, cantaloupe and papayas. 

4. Dairy products. 

5. Liver, beef and chicken. 

6. Certain types of fish, such as salmon. 

7. Eggs. 

7. Cereals, rice potatoes, wheat and soybeans fortified with vitamin A. 

If necessary, individual can also take a vitamin A supplement. 

What can Individual Expect if He / She have Vitamin A Deficiency? 
If you increase your vitamin A intake, some of the effects of vitamin A deficiency should start to reverse. 

Night blindness and dry eyes should improve. However, corneal ulcers can’t be corrected. It’s important to 

eat enough foods that contain vitamin A. In addition, take a dietary supplement that contains vitamin A. 

If he/she don’t get enough vitamin A, complications such as vision loss will be long-term. 

Conclusion 
Vitamin A is a vitamin that plays an important role in your vision. Vitamin A deficiency is rare it can cause 

severe complications such as vision loss, skin issues and immune system problems. It’s important to eat a 

diet that includes foods that have vitamin A, such as meat, dairy, dark leafy greens, and yellow or orange 

fruits and vegetables. In addition, you can get vitamin A from a dietary supplement if needed. 
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Introduction 
Mental fitness is just as important as physical fitness, and shouldn’t be neglected. Including mental 

dexterity exercises into your daily routine can help you reap the benefits of a sharper mind and a healthier 

body for years to come. 

Mental fitness means keeping the brain and emotional health in tip-top shape. It doesn’t mean training for 

“brain Olympics” or acing an IQ test. It refers to a series of exercises that help you: 

1. Slow down 

2. Decompress 

3. Boost a flagging memory. 

 

The Importance of a Fit Mind 
1. Focus on One Thing at a Time: Multitasking is worn as a badge of honor, but multitasking too much 

is not healthy. Practice being present. When you are taking a walk, take in your surroundings—the 

weather, the birds. When you are spending time with friends, really listen to what is being said. Turn off 

your phone and try to forget the running to-do lists in your head. 

2. Set Aside Time to Move the Body: “Physical and mental health go hand-in-hand and should not be 

considered separate, as poor mental health can lead to poor physical health and vice versa. Like medicine 

in the treatment of mental illness, exercise can increase levels of serotonin, dopamine, and norepinephrine 

in the brain. It improves and normalizes neurotransmitter levels, which ultimately helps us feel mentally 

healthy. Other important benefits include: enhanced mood and energy, reduced stress, deeper relaxation, 

improved mental clarity, learning, insight, memory and cognitive functioning, enhanced intuition, 

creativity, assertiveness and enthusiasm for life, and improved social health and relationships, higher self-

esteem and increased spiritual connection. 

3. Give Yourself a Daily “Mindfulness Break”: “Set aside one to two minutes each day to decompress, 

check in with your body, and assess how you’re feeling,” O’Neill said. “There are a number of great apps 

that can help you incorporate a structured mindfulness practice or you can simply develop a practice that 

works for you.” 

Just one week of brief daily mindfulness meditation practice has been found to produce significant 

improvements in attention, energy, and stress. Research shows these benefits are more than just 

subjective: participants of a study experienced actual decreases in stress-controlled cortisol and 

https://advice.shinetext.com/articles/how-to-make-your-busy-life-a-smidgen-more-mindful/?utm_source=Shine&utm_medium=Blog
https://www.nami.org/Blogs/NAMI-Blog/May-2016/Exercise-for-Mental-Health-8-Keys-to-Get-and-Stay
https://advice.shinetext.com/articles/finding-your-worth-in-a-sea-of-negative-self-beliefs/?utm_source=Shine&utm_medium=Blog
https://advice.shinetext.com/articles/finding-your-worth-in-a-sea-of-negative-self-beliefs/?utm_source=Shine&utm_medium=Blog
https://advice.shinetext.com/articles/8-daily-moments-when-you-can-set-an-intention/?utm_source=Shine&utm_medium=Blog
https://blog.simplehabit.com/2017/03/06/the-scientific-benefits-of-mindfulness-and-meditation/
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improvement in their immune system. They also displayed improved visuospatial processing, working 

memory, and executive functioning—important sets of mental skills that help you get things done faster. 

4. Carve Out “Self-Care” Time: Give yourself an afternoon or evening to engage in something that you 

genuinely enjoy doing. It can be exercising, reading, binge watching your favorite show—essentially, make 

a date with yourself to do something fun that’s just for you. 

5. Set Limits and Stick with Them: Living in a success-driven society has its advantages. But it also 

has disadvantages, like burnout, which is a real concern when you’re trying to have it all: a fulfilling career, 

an Instagram-worthy time with friends, and a happy family life. Remember that it’s okay to say no 

sometimes. To the extent it is possible, set boundaries within your professional and personal life so that 

you’re not overextending yourself. 

6. Don't Be Afraid to Reach Out for Help: Seeking help is often the first step towards getting and 

staying well, but it can be hard to know how to start or where to turn to. It’s common to feel unsure, and to 

wonder whether you should try to handle things on your own. 

Benefits of Mental Fitness 
When individual go to bed after a long day, your body begins to relax. But the mind doesn’t always follow. 

Visualization can help. Individual can often achieve a sense of peacefulness through imagery, the process 

of picturing a tranquil scene or location. This practice can reduce tension in both your body and your mind 

by challenging neurons in the less-dominant area of your brain. 

The less-dominant side of your brain is the area that controls feelings of self-confidence and optimism. 

When you think about something other than your daily worries, you increase activity in the neural 

structures of that area of your brain. 

Ultimately, visualization can boost the emotional well-being and calm the down mentally. 

Become Mentally Fit 
Keeping your mind mentally fit isn’t as difficult as getting ready for a marathon, but it’s a good analogy. 

You can add mental exercises to the many activities you already perform, such as: 

a. reading 

b. daydreaming 

c. finding humor in life. 

Individual might try the following approaches to increase the mental fitness: 

1. Stop multitasking: Individual may think that multitasking enables you to get more things done at 

once, but it actually creates more problems than it solves. Focusing on one task at a time will improve your 

concentration and help you to be more productive. 

 

2. Be positive with yourself: Positive affirmation is one avenue to increased mental proficiency. 

Affirmation, or talking to self in a positive way, involves strengthening neural pathways to bring your self-

confidence, well-being, and satisfaction to a higher level. 

https://advice.shinetext.com/articles/netflix-and-thrive-4-ways-to-boost-your-wellbeing-while-binge-watching/?utm_source=Shine&utm_medium=Blog
https://advice.shinetext.com/articles/its-time-to-stop-wearing-burnout-as-a-badge-of-courage/?utm_source=Shine&utm_medium=Blog
http://advice.shinetext.com/articles/the-freedom-of-saying-what-you-need/?utm_source=Shine&utm_medium=Blog
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To start, make a list of your good qualities. Remind yourself that you don’t have to be perfect. Set goals for 

what you want to improve and start small to avoid becoming overwhelmed. 

3. Try something different: New experiences can also set you on the path to mental fitness. You can fit 

new approaches into your daily life in a variety of ways: 

a. Try new foods. 

b. Try new ways to accomplish routine tasks. 

c. Travel to new places. 

d. Take a new way to work or the grocery store. 

According to the Alzheimer’s Association, research shows that keeping your brain active increases its 

vitality. Doing new things in new ways appears to help retain brain cells and connections. It may even 

produce new brain cells. In essence, breaking out of your routine can help keep your brain stay healthy. 

4. Play games: Games that test reasoning and other portions of your brain are fun ways to keep your mind 

sharp. Consider these games: 

a. crossword puzzles 

b. board games 

c. Sudoku. 

 

Games are a great way to build up your brain muscle. Even fast-paced action video games may boost your 

ability to learn new tasks, according to a study in the journal Current Biology Trusted Source. The study 

found tentative evidence that video games may increase your attention span, reaction time, and task-

switching ability. In addition to video games, try any game that employs the use of: 

a. logic 

b. reasoning 

c. trivia. 

Conclusion 
Mental fitness can be defined as having and maintaining a state of well-being and cultivating awareness 

of how we think, behave and feel.   

Just as physical fitness provides us with an increased ability to respond to life in all its richness, mental 

fitness helps in the same way. It provides us more space to choose how to respond to a situation, whether 

that situation is forethought, an external stimulus, or a feeling. As a result, we are less likely to sustain 

(or cause) emotional and relational injury. 

Consider what happens if individual find yourself in an argument with the spouse. Person spouse says 

something in anger that is hurtful. When we're in a reactionary mode, we fire back, straight out of the core 

of that hurt. Individual arrow lands, and your spouse responds in-kind. And so on, leaving you both feeling 

out of control and strained. 

The mind is the most powerful tool. It follows us everywhere person go and determines the experience 

in each moment—for better or worse. Thankfully, it can systematically train the minds to achieve mental 

fitness: focus, vitality, and joy. 

http://www.alz.org/we_can_help_stay_mentally_active.asp
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3461277/
https://us.humankinetics.com/blogs/excerpt/what-is-physical-fitness
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With any kind of practice, regularity and consistency are crucial to build strength and fitness. A brain 

fitness program is no different. What is important is to start exercising individual mind and developing 

your psychological core today. 

Remember, in meditation, the aim is not to completely stop thought. Rather simply notice when individual 

have been distracted and gently bring the attention back to the focal point, with a smile. When individual 

do that, he/she are developing mental fitness. 
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Introduction 
Grapes is an important commercial fruit crop of India, which contributes to the maximum share of the 

export of fresh fruits and vegetables from India to Europe and other parts of the world. Major grapes 

growing states are Maharashtra, Karnataka, Andhra Pradesh, Tamil Nadu, and the North-Western region 

covering Punjab, Haryana, western Uttar Pradesh, Rajasthan and Madhya Pradesh. Maharashtra ranks 

first in terms of production accounting for more than 82.56 per cent of total production and highest 

productivity in the country. The total grapes export from India during the year 2016-17 was 232.9 thousand 

tonnes worth Rs. 2088.35 crores (Anon, 2017). 

Grapes, a seasonal fruit having relatively high sugar and moisture content, are very sensitive to microbial 

spoilage during storage. Therefore, after harvest grapes must be consumed or processed into various 

products in a few weeks in order to reduce economic losses. Drying grapes into raisin is a major processing 

method in almost all grape-growing countries (Pangavhane et al., 1999). Among the several cultivars grown 

in India, Thompson seedless is the most popular variety due to its high consumer acceptability for raisins 

and more than half of the world raisins are being produced using this variety (Adsule et al., 2008). 

Processing of Grapes 
Grapes can be processed into various products like Juice, Wine, Grapes concentrate, Jelly, Seed oil and 

raisin. 

Grape Processing Scenario 
In World, about 70 per cent grapes used for wine preparation. 

In India, about 74.5 per cent of grapes used for table purpose, 23.5 per cent dried for raisin, 1.5 per cent 

used for wine and 0.5 per cent for juice purpose. 

Quality of Raisin Making Grapes 
Table 1. Suitability of grape varieties for raisin making: 
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In India, raisin is mostly produced in Sangli, Solapur and Nasik districts of Maharashtra and Bijapur 

district in Kamataka. The major raisin varieties include Thompson Seedless and its clones like Manik 

Chaman. Besides, E l2l7, E l2l3, Mint Seedless and KR White are also proved to be promising varieties. 

1. Raisin should have thin skin but thick pulp.  

2. A minimum Brix value of 19°. 

3. Should preserve flavour and colour, well after dehydration.  

4. Should be preferably seedless. If seeded it should be bold so that seeds can be removed.  

5. Berry should detach from the pedicel clearly and easily so that there is no oozing of juice. 

6. Should have uniform hue with brilliant colour.  

Methodology for Grape Raisin Preparation 

 

Variety: Variety has its own impact on raisin quality. Each variety produces berries having varietal 

specific aroma, colour, shape and size. Generally, Thompson Seedless and its clonal selections such as Tas-

A-Ganesh, Sonaka, Manik Chaman etc. and Sharad Seedless and its clonal selections are preferred for 

raisin making. The varieties having suitable characters for raisin making like small size berries, good 

aroma, more sugar accumulation, thin skin etc. are preferred.  
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Harvesting of grapes:  To produce raisins, sugar content of the grapes considering the ratio of grapes 

juice concentration to its acidity, should be between 21 and 33%. When berries attain more than 22 °Brix 

TSS, considered ready to harvest. Berries in grape bunch show difference in TSS content. The upper and 

middle berries have higher TSS content than berries from lower location of bunch. For measuring the TSS 

in grapes, collect the berries from different locations of bunch. About 80 berries collected from different 

bunch treated as one sample. Crush the collected berries and take the juice for TSS determination by 

refractometer. Minimum five samples of berries are required to calculate the TSS in grapes from an acre 

plot. In particular, the influence of fruit soluble solids on raisin quality makes the time of harvest an 

important cultural consideration.  

Dipping of bunches: Inspect the bunches for damaged berries again and remove such berries from the 

bunches. To remove dust particles from skin of berries, dip the bunches for 30-60 seconds in clean water. 

Change the water every 4 – 5 dippings as lot of dust particles from skin of berries goes to water and make 

it muddy. Washed and clean bunches should be used for further process of pretreatment with solution of 

ethyl oleate and potassium carbonate. Dipping of grapes in solution (ethyl oleate and potassium carbonate) 

is main practice which induces faster water loss from grape berries. The different brands of dipping oils 

are available in the market. Generally, a combination of ethyl oleate (1.5%) and potassium carbonate (2.5%) 

is used for the purpose. Dip the grape bunches in the solution for 2 to 6 minutes. 

Pretreatment Operation in Raisin Making Process 
1. Blanching 

2. Physical 

3. Chemical 

Low moisture diffusion rate has become the basic problem during grape dehydration process. This can be 

attributed to the peculiar structure of a thin-layer of wax covered on grape surface which prevents the rate 

of moisture diffusion. The skin of the grape consists of an epidermis and six to ten layers of small thick-

walled cells. The outer epidermis is covered by non-living layers, namely cuticle, lenticels, wax, and 

collenchymatous hypodermal cells. 

Different Drying Methods and their Effects on Grape Drying 
Grape drying is one of the most important methods to prolong its shelf-life and reduce economic losses. 

Therefore, how to improve the drying rate as well as obtain desirable products are the main objectives of 

grape drying.  

1. Natural sun drying: Natural drying of grapes includes the open sun drying (with or without cover) and 

shade drying. As a traditional method, natural drying of grape can be dated to1490 BC in Greece and even 

today it is still widely applied, especially in developing countries due to its low initial and running costs. 

As the oldest drying method, natural open sun-drying is widely used method for thousands of years by 

human beings even nowadays. When open sun drying is performed the grapes are spread over the grape 

bunches either the ground or on a platform in a thin layer directly exposed to the sun or on a plastic sheet. 

During sun drying process, part of the solar radiation may penetrate the material and be absorbed within 

the grape itself, thus generating heat in the interior of the material as well as at its surface, therefore, 

increasing the heat transfer and enhancing moisture evaporation.  

2. Solar drying: With rich solar energy radiation and available free of cost in many countries, solar energy 

has been widely used for heat production or power generation. Solar drying is the most commonly used for 

drying agricultural products. There are several types for grape solar drying, such as direct type, indirect 

type, and mixed type. For each type the solar energy is used as either the sole source of the required or as 

a supplement source. For grape drying, direct solar radiation causing poor quality formed due to light-

sensitive of ascorbic acid and polyphenol, especially undesirable discoloration and aroma loss. Therefore, 

the indirect and mixed type solar dryer are more suitable for raisin. 

3. Shade drying: Shade drying is also a kind of natural method and extensively used for grape drying in 

China, Australia, and India. Shade drying is also known as natural rack dryer, the ambient air is the 

principal source of heat required for drying. Raisin of shade drying obtained better color than sun drying, 
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avoid the directly contact with sundries. However, there are some disadvantages of shade drying, such as 

long drying time, high labour requires, and poor sanitary conditions. 

4. Mechanical drying: With the rapid development of mechanization in agricultural production, 

mechanical drying has been widely used in raisin production due to its rapid, controllable, low labour, and 

high quality of products. Using solar energy as the heating generator, combined with some thermal energy 

supplied dryer have been widely developed. Besides, microwave drying, vacuum pulsed drying, as well as 

combination of different drying methods also used for grape drying. 

Conclusion 
1. Drying grapes into processed products is a major processed products in almost all grape growing 

countries, for raisin should have TSS 190B and seedless type varieties are prefered. 

2. There is always scope to develop improved pretreatment to increase the permeability   of the grape skin 

without affecting the product attributes. 

3. Pre-treatments and drying methods - important steps in raisin making process - drying rate and affect 

the quality of raisin. 
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Introduction 
Agriculture is a very important sector to develop innovative things for a new generation. For example, 

using microbiology. we can provide and increase soil fertility with the help of microorganisms. Some 

microorganisms such as bacteria are very good decomposers. The role of youth in agriculture is much more 

important than filling the boots of the current generation of farmers. The world today hosts a massive 

population of 1.2 billion young people between the ages of 15 and 24, India gives more important for 

agriculture. It provides more schemes, loans, and insurance for people and students.  

This is one of the responsibilities of each citizen to do agriculture. Nowadays, this generation creates or 

discovers new innovative things based on agriculture. They are making food industry and pharmaceutical 

industries based on agricultural sources. They introduce new techniques on plants which give good 

products. For example, introduce any new recombinant gene into the plant. We can easily uptake desirable 

characteristics and yield also. Microorganisms are involved in several aspects of food security. In plant 

agriculture, they contribute to soil health and can be used to increase yield and tackle pests and diseases. 

Application and Important Role of Biotechnology in Agriculture 
They can be used to preserve food through fermentation, create products such as bread and cheese, and 

enhances food flavor and nutrition. In the livestock industry, the gut microbiome can be targeted to increase 

food efficiency and meat quality. Agriculture plays an important role in industrial biotechnology. Providing 

food for that coincides with the pressure to reduce the negative environmental impacts of agriculture. 

Biotechnological manufacturing of acellular products for food and materials has already been piloted but 

the full profit of cellular agriculture is just beginning to emerge. The concept of plant cells as food offers a 

very attractive alternative to obtain them proprotein-rich nutritionally balanced food processed into a wide 

range of biosynthetic materials. Biotechnology represents hope for those who believe that new technology 

can contribute to overcoming a range of pressing productivity and environmental constraints facing poor 

farmers. agricultural biotechnology provides farmers with tools that can make production cheaper and 

more manageable. For example, some biotechnology crops can be engineered to tolerate specific herbicides 

which makes weed control simpler and more efficient. 

Uses in Agricultural Biotechnology 
There is an improvement in the nutritive value of crops and decreases in crops due to the use of genetically 

modified or hybrid seeds. agricultural biotechnology has helped enhance productivity and economic output 

for agriculture-related fields like horticulture, floriculture, animal husbandry, apiculture, etc. Products 

developed with agricultural biotechnology may contribute to the reduction of greenhouse missions, such as 

cover crops that provide sustainable biofuel, and fruits and vegetables that stay fresh longer and reduce 

food waste. agriculture impacts society in many ways, including; supporting livelihoods through food 

habitat, and jobs, providing raw mater ls for food and other products building strong economies through 

trade. modern agriculture is an ever-cheap approach to agricultural innovations and farming practices 

farmers increase efficiency and reduce the numbering of natural resources needed to meet the world’s food 

fuel and fibre demands. 

Agriculture is a primary activity. It includes growing crops, fruits, vegetables, flowers, and rearing 

livestock .in the world, 50 percent of persons are engaged in agricultural activity. two third of India’s 

population is still dependent on agriculture. Primary activities contain all those connected with the 

extraction and production of natural sources. 
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Uses in r-DNA Technology and Molecular Biology 
Agriculture, fishing, and gathering are the best examples. secondary activities are concerned with the 

processing of these resources. Manufacturing of baking bread and weaving clothes are examples of this 

activity. Tertiary activities provide support to the primary and secondary sectors through services. 

transport, trade, banking, insurance, and advertising are examples of tertiary activities. agriculture is an 

important sector of the Indian economy as more than half of its population relies on agriculture as the 

principal source of income. animal agriculture is being transformed by rapid advances in biotechnology – a 

term that encompasses a variety of technologies, including genetic engineering (GE), genetic modification, 

transgenics, recombinant DNA techniques, and cloning among others. Producers are interested in the 

application of biotechnology to improve productivity, consistency, and quality; to introduce new food fiber 

and medical products and to protect the environment to be clear, agriculture has long served to ‘ 

Biomanufacture’ a wide array of biomaterials, including compounds used in drugs, stimulants, dietary 

supplements, flavorings, fillers, lubricants, dyes. adhesive, fuels, and more. Yes, these products are either 

singularly derived from specifically cultivated natural sources.  

Genetic Engineering / rDNA Technology 
It is a technology in which one or more genes are modified deliberately in the lab. This is achieved by the 

process of using recombinant DNA (rDNA) technology, thereby altering the genetic makeup of an organism. 

Tissue culture: Tissue culture involves nurturing fragments of plant or animal tissue in a controlled 

environment where they survive and continue to grow. For this tissue has to be isolated first. 

Embryo rescue: It is a form of in-vitro culture technique for plants. Here an immature embryo is nurtured 

in a controlled environment to ensure its survival. This can help in the preservation of species of seeds that 

are nearing extinction. This can include heritage seeds, local grains of cultural significance, etc. 

Somatic hybridization: It is a process through which the cellular genome is manipulated through the 

process of protoplast fusion molecular- 

Gene markers: genetic engineering, Molecular-gene markers are specific segments of DNA that are 

associated with a particular location within the genome.  

Molecular diagnostics: Molecular diagnostics is a set of techniques used to analyze biological markers 

in the genome and proteome. It helps in determining how their cells express their genes as proteins. 

Vaccine: It is a formulation that is injected into a host body to stimulate a desired immune response. It 

helps in preventing various diseases such as polio. Its production is carried out widely currently to fight 

against covid. 

Micropropagation: It is a clonal propagation of plants in a closed vessel under aseptic and controlled 

conditions. The role of biotechnology in agriculture is multifaceted. Some of the most prevalent benefits of 

biotechnology in agriculture include  

Increase in Crop Production: With better disease control and increased tolerance to drought and 

flooding, biotechnology leads to a significant increase in crop production. This does not just match the ever-

growing demand for food but also helps farmers to lower losses. Better Crop Protection: The techniques of 

biotechnology serve as cost-effective solutions to problems with pests. Farmers have been able to transform 

crops like cotton, corn, and potato to synthesize a protein that tackles issues of pests effectively.  

Increase in Nutrition Value: It has also enabled farmers to produce crops with a higher nutritional value 

and enhanced flavor and texture. For instance, technology has made it possible to cultivate soybeans with 

high protein content, beans with more amino acids, and potatoes with starch. 

Fresher Produce and Better Taste: It further helps to improve the taste and flavor of crops by 

enhancing the activity of enzymes present in plants. Also, it helps in keeping the yield fresh for longer.  

Chemical Tolerance: Most farmers rely on herbicides to control the growth of weeds which often leads to 

soil erosion. However, genetically engineered food is resistant to a variety of chemicals, including 

herbicides; as a result, the scale of soil erosion is significantly low.  

Disease Resistance: Viral infections spread by insects are often difficult to contain, and also the use of 

insecticides tends to pose a threat to both soil and the quality of produce. Nonetheless, genetically modified 
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plants are less susceptible to viral infection and make it easier for farmers to contain crop damage. Though 

there is an array of benefits to applying biotechnology in agriculture, it is not entirely devoid of flaws. To 

elaborate, there are some fears about health, societal and environmental issues. For example, resistance 

to antibiotics, resistance to insecticide, growth of superweed, and loss of biodiversity are among the many 

fears that relate to the application of biotechnology in agriculture. However, one can hope that with the 

advancement of technology, scientists will find practical solutions to tackle the fears and associated risks 

effectively. 

Conclusion 
Learning about the role of Biotechnology in Agriculture can help in understanding the different aspects 

and how new technology can change the face of agriculture. 
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Summary 
Livestock rearing especially dairy farming is a major source of livelihood for rural as well as for people 

living in peri-urban areas. Besides providing employment opportunities to youth the sector has helped in 

achieving self-sufficiency in dairy products. Not only has this sector helped us to achieved self-sufficiency 

in milk and milk products, but as of date we are able to export dairy products worth more than 3000 crores 

to various countries. The sector has huge scope to expand at significantly higher growth rates compared to 

other farm sectors, provided the constraints confronting this sector are judiciously dealt with. This lucrative 

sector of agriculture has potential to address the un-employment among youth to a greater extent. The 

current story highlights the efforts of four un-employed youth who under the guidance and technical 

support from KVK Pulwama were able to set their own dairy units to earn a living. 

Introduction 
Over a period of five years, 17 persons received training regarding dairy farming at different occasions. 

Resource personnel from JKEDI, Animal Husbandry Department and lead bank were invited to deliver 

their talk, so as to appraise the trainees about dairy development schemes. Among these five un-employed 

youth decided to take up dairy farming for their income generation. It was through a convergent and 

coherent effort of both the KVK and line departments that the trainees were able to avail of different 

schemes and link themselves with the credit lending institutions. These five youth were guided through all 

the stages, be it exploring conventional or new channels to market produce, selection of site for construction 

of animal shed, selection of animals and their management in all aspects. However, due to unknown 

reasons one of them closed down his farm after successfully running it for a year. The four successful dairy 

farmers mentioned in this success story are: 

1. Abdul Hamid Khan from khrew Pulwama and aged 35 owns 2 acres of land, an acre of which is under 

walnut trees and the rest remains non arable for most part of the year. At present he has 10 animals 

including 6 cows, from which he is able to obtain on an average 65 liters of milk, which he sells in his own 

locality at a sale price of INR 40 per litre. Moreover, he plans to dispose off his animal waste through 

vermin-composting so that it fetches him additional income on one side and at the same time reduces the 

chances of it getting washed into local water sources. Abdul Hamid Khan is able to earn a net profit of 

rupees 220000 per annum from the sale of milk. 

2. Asif Bashir from Konibal Pampore obtained his master’s degree in Engineering. He owns 4 acres of land 

of which 2 acres is under saffron crop and rest is under fodder crops. He initially started with 2 cows and 

at present has 10 cows and four calves. On an average he has seven cows in milk. Milk production from 

these animals’ averages to around 85 litres daily, which he sells in the immediate vicinity at a sale price of 

INR 45 per litre. For better returns from his produce, he plans to go for value addition of milk in the future. 

Through sale of raw milk, he is able to earn a net profit of around 525000INR per annum. 

3. Shameem Ahmed Dar from Kangan Pulwama has half an acre of land, which is under apple plantation. 

In 2019 he started with five cows and has at present 20 animals, including 13 cows. His daily production 

of milk averages to around 150 litres, which he sells to a middle man at a sale price of INR 37 per litre. In 

order to augment the farm income, he plans to introduce vermin-composting for safe, eco-friendly, effective 

and remunerative disposal of cow dung. Despite purchasing much of the dry and green fodder from market, 

he is running his dairy business on profitable lines. Shameem Ahmed Dar is able to earn a net profit of 

855000 rupees per annum.  
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4. Firdous Ali from Gangoo Pulwama, before starting his dairy unit, used to ride a taxi to meet the both 

ends meet. However, he found it very hard to meet the daily needs of his family. He would barely earn 

enough to meet the daily needs for him and his family and decided to bid adieu to driving. He started his 

own dairy unit and at present has 15 animals including 8 cows and 7 calves. His daily milk production 

averages to around 75 litres, most of which he sells in his own village at a price of INR 40 per litre. He also 

plans to introduce vermin-composting for safe and renemurative disposal of cow dung. Through sale of raw 

milk Firdous Ali is able to generate a net profit of 465000 rupees per annum. 

Modification Introduced by Successful Youth 
These youth have been well adept at exploring all the possible marketing channels and all of them except 

one have made efforts in selling their produce directly to the customers. That has enabled them to avoid 

exploitative tactics used by the middle men. These youth are keen to diversify their farm income through 

vermin-composting of the animal waste that not only solves the problem of disposing it, but at the same 

time is eco-friendly method. 

Impact on Farmers/ Youth 
Looking at their success of Shameem Ahmed Dar, a couple of new dairy farms have come up in neighbouring 

villages. Asif Bashir an engineer by qualification serves a beacon of hope for unemployed educated youth 

to try their luck in agri-entreprises. The profitable dairy farming by these youth has kindled a ray of hope 

among those dairy farmers who find it difficult to manage their units on economically viable lines. 

 
Shameem Ahmed Dar and his dairy unit 

 
Abdul Hameed Khan and his dairy unit 

 
Dairy Unit of Asif Bashir 
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Dairy Unit of Firdous Ali 
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Vegetables are an important source of nutrients for the body. Eating a diet rich in healthy and exotic 

vegetables ensure that you are getting valuable nutrients for maintaining optimal health of your body. 

Here is a list of a few exotic vegetables that are beneficial for your health: 

1. Zucchini: This is a very low-calorie vegetable and doesn’t contain cholesterol and saturated fats. It is a 

rich source of dietary fibres that prevents constipation and shields you from colon cancer. Eating zucchini 

is also a healthy way to lose weight. 

 

2. Leek: Like garlic and onions, Leeks belong to the Allium family and is a rich source of flavonoids. These 

flavonoids help maintain the linings of the blood vessel and protect them from damage. Leeks also contain 

Folate which supports your cardiovascular system and maintains a proper balance of homocysteine. 

Moreover, these are also good for treating type-2 diabetes, obesity and rheumatoid arthritis. 

 

3. Celery: This low-calorie veggie has anti-inflammatory properties. Celery contains phytonutrients, many 

of which belongs to the category of phenolic antioxidant. These antioxidants prevent inflammation of blood 

vessels and digestive tract. It also prevents cardiovascular disease, especially atherosclerosis. 
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4. Asparagus: This exotic vegetable is only tasty but offers numerous health benefits. It is a rich source of 

Vitamins A, C, E and K and also contains folate and chromium. Asparagus is a good source of glutathione. 

This is a detoxifying agent and breaks down carcinogens and free radicals. 

 

5. Pakchoi: Pakchoi (also called Bok Choy) is an exotic vegetable which is well known for its high nutrient 

content. It is a member of the cabbage family and is a rich source of Omega-3 fatty acid and zinc. This 

exotic vegetable is a powerhouse of phenolic antioxidant which has anti-cancer properties. Rich in iron, 

calcium, phosphorus, vitamin K and magnesium, Pakchoi build and maintain your bone structure. 

 

6. Spinach: The spinach vitamins include vitamin A, vitamin C, vitamin E, vitamin K and a range of B 

vitamins including B2, B3, B5 and B6. This vegetable can be eaten raw and provides the most amount of 

goodness when done so as raw spinach is a rich source of vitamins and nutrients. 

 

7. European cucumber: benefits for puffy eyes and place slices over their eyes to help the appearance of 

tired eyes! This vegetable can also help to relieve sunburn! It is known for its anti-ageing properties and is 

often a popular ingredient in beauty products, as it is both anti-inflammatory and hydrating. The health 

benefits are outstanding as this healthy vegetable naturally has a high-water content, and a fantastic range 

of vitamins and nutrients. It is high in fiber which helps to maintain a healthy digestive system. It provides 

important vitamins including vitamin A, vitamins B3 and B5, vitamin C and vitamin K. 
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8. Red Cabbage: They are high in vitamin C and low in calories. A half-cup contains about 45% of the 

daily recommended amount of vitamin C, but just 14 calories. Cabbage is also a good source of fiber and 

other vitamins and minerals, especially vitamin A and potassium. 

 

9. Red capsicum: Lutein and zea xanthin — carotenoids found in relatively high amounts in bell peppers 

— may improve eye health when consumed in adequate amounts. Not only are red bell peppers a decent 

source of iron, they are also exceptionally rich in vitamin C, which increases the absorption of iron from 

your gut. Dietary iron absorption increases significantly when you consume fruits or vegetables high in 

vitamin C. 

 

10. Sweet corn: The nutritional value of corn or maize, is excellent as this sweet tasting, succulent 

vegetable provides a range of vitamins including vitamin A, vitamin B and vitamin C. It is very nutritious 

as it contains important nutrients which are essential to our health and well-being including potassium, 

protein, iron, magnesium and phosphorus. 

 
  

https://www.healthline.com/nutrition/8-nutrients-for-eyes
https://www.healthline.com/nutrition/iron-rich-plant-foods
https://www.healthline.com/nutrition/iron-rich-plant-foods
https://www.healthline.com/nutrition/increase-iron-absorption
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Abstract 
Reactive oxygen species (ROS) production is the first response that takes place in plants attacked by plant 

pathogens. Its production is noticed within minutes against both avirulent and virulent pathogens leading 

to resistance and susceptibility. Later, massive production (oxidative burst) takes place in a cell attacked 

by avirulent pathogens. The dynamic source of ROS production is respiratory burst oxidase homologs 

(RBOHs), mitochondria, chloroplasts and peroxidases. An enzyme, NADPH oxidase plays an important role 

in ROS production. Elicitors of biotrophs induce ROS thus, resulting in a defense response by the 

hypersensitive response (HR) on contrary, necrotrophs induce ROS that kill the host in advance and cause 

disease. Collectively, effectors of pathogens may have evolved to converge on a common host protein 

network to suppress the plant immune system, including the ROS burst and cell death response in plants.  

Keywords: Reactive oxygen species; Oxidative burst; Biotrophs; NADPH oxidase. 

Introduction 
Plants in nature are attacked by a number of pathogens, transcriptional reprogramming takes place to 

yield a defense reaction. Meanwhile, pathogens also produce enzymes or toxins or effectors to combat 

defense response. During the first line of defense, events such as oxidative burst, changes in pH, ion fluxes 

and protein phosphorylation take place which restrict the growth of the pathogen. Reactive oxygen species 

(ROS) production is among the first events that occur in plants following pathogen recognition. During this 

interaction, pathogens may be directly killed (biotrophs), on the other hand, hemi-biotrophic or 

necrotrophic induce cellular necrosis in a host, from which pathogens acquire nutrients, by switching into 

the devastating necrotrophic life mode. 

The production of ROS is detected within minutes in a plant attacked by virulent or avirulent pathogens. 

This weak and transient ROS generation is due to a biologically non-specific reaction. After some hours, a 

second, massive and prolonged ROS production called oxidative burst occurs in cells attacked by avirulent 

pathogens. This two-phase kinetics of ROS production is typical of incompatible plant-pathogen 

interactions that are characterized by the hypersensitive response (HR), this biphasic response will result 

in a successful plant defense response. Different types of ROS are produced by the plants against 

phytopathogens such as Superoxide (O2
-), Hydrogen peroxide (H2O2), Hydroxyl radical (OH-), Singlet 

oxygen (1O2), Hydroperoxyl radical (HOO-), Lipid peroxide radical (ROO-) and Nitric oxide (NO-) (Das and 

Roychoudhury, 2014). 

Sources of ROS Production 
ROS is produced by respiratory burst oxidase homologs (RBOHs), mitochondria, chloroplasts and cell wall-

resident peroxidases (PER) during a pathogen attack. Enzymes such as glucose peroxidase, xanthine 

oxidase, peroxidases, NADPH oxidase and oxalate oxidase are involved in ROS production. Among these, 

this NADPH oxidase plays an important role (Sagi and Fluhr, 2006). 

Membrane-bound NADPH oxidases also known as respiratory burst oxidases (RBO) are transmembrane 

proteins that catalyze superoxide production by transferring electrons from intracellular NADPH to 

molecular oxygen in the apoplast. Superoxide is further converted to H2O2 either by spontaneous 

dismutation or by the catalytic activity of a cell wall superoxide dismutase. Subsequent accumulation of 

H2O2 regulates the functions and related signaling pathways. This process leads to oxidative stress, which 

may cause lipid oxidation, DNA damage, protein carbonylation, and injuries to other cellular components 

(wang et al. 2019) 
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The ROS Signal Transduction Pathway of Plants 
The production of ROS is perceived by receptors in the plants. Usually, the cells will sense ROS in 3 

different mechanisms: 

1. Unidentified receptor proteins. 

2. Redox-sensitive transcription factors. 

3. Direct inhibition of phosphatases by ROS. 

Further downstream signaling events include Ca2+ binding, G-proteins and the activation of phospholipid 

signaling resulting in the accumulation of phosphatidic acid. A serine/threonine protein kinase (OXI1) 

plays a central role in ROS sensing and the activation of MAPK3/6 by Ca2+ further leads to the activation 

of different defense mechanisms in response to ROS stress (Tripathy and Oelmüller, 2012). 

ROS Detoxification Mechanism 
The ROS scavenging systems help the cells to maintain a non-toxic level of ROS. The scavenging enzymes 

include superoxide dismutases (SODs), peroxidases (PODs), catalases (CATs), ascorbate peroxidase (APX), 

and glutathione peroxidase (GPX). SODs act as soon as ROS generated and dismutate superoxide to H2O2, 

whereas CAT, APX, and GPX subsequently convert H2O2 to H2O. Non-enzymatic antioxidants, such as 

ascorbate, glutathione (GSH), flavonoids, tocopherol, and alkaloids, are also involved in ROS detoxification. 

GSH is converted to glutathione disulfide (GSSG, an oxidized form) by ROS, using NADPH as the electron 

donor. ROS scavenging systems are imperative for managing ROS levels both in plants and in pathogens.  

The involvement of antioxidant systems depends on whether the pathogen is biotrophic or necrotrophic. In 

case of powdery mildew pathogen, there is a depletion of GSH, APX, CAT and an accumulation of 

phytoalexins observed when attached by the avirulent pathogen. A decrease in GSH content was observed 

in tomato leaves infected with necrotrophic Botrytis cinerea, in this case, the decrease in antioxidant 

defenses could promote the spread of necrotic areas that facilitate the penetration of necrotrophic 

phytopathogens. 

Effector/ Elicitor-Mediated ROS Response that Induces HR and Cell Death Responses 
ROS bursts are monitored during infection by avirulent pathogens. Pathogen avirulence (Avr) effectors 

interact directly or indirectly with NLR proteins, leading to a strong ROS burst and HR response. A strong 

ROS burst occurs through the activation of RBOHs receiving an adequate supply of NADPH via the activity 

of NADP-ME. NADP-malic enzyme (ME) serves as a source of NADPH and pyruvate in the cytosol. It 

catalyzes the oxidative decarboxylation of L-malate to yield pyruvate, CO2, and NADPH in the presence of 

a bivalent cation, such as Mg++. NADPH oxidase, known as the Respiratory Burst Oxidase Homolog 

(RBOH), catalyzes the generation of superoxide (O2
-).  

1. Cladosporium fulvum effector Avr2 binds and inhibits Rcr3, an extracellular tomato cysteine protease, 

which is required for Cf-2-dependent disease resistance. 

2. Xanthomonas campestris pv. vesicatoria effector AvrBsT physically binds to pepper arginine 

decarboxylase (CaADC1), pepper aldehyde dehydrogenase (CaALDH1), pepper heat shock protein 70a 

(CaHSP70a) leads to HR. 

Effector-Mediated ROS Suppression that Causes Disease on Host Plants 
Adapted pathogens have evolved their effector proteins as virulence factors to suppress the ROS burst, 

causing disease in their respective host plants. Secreted effector proteins are directly delivered into host 

cells to shield pathogen cell walls leading ultimately to the successful colonization of host plants. Effectors 

secreted by the pathogens protect themselves from oxidative bursts by following mechanisms (Jwa et al., 

2017). 

1. Binding to its cell wall and suppressing the degradation by plant-derived hydrolytic enzymes, such as β-

1,3-glucanases, chitinases, and serine and cysteine proteases. 

2. Targeting the MAPK signaling pathway. 

3. Vesicle trafficking: It is an important cellular function in plants required for the transport of immune 

receptors, associated proteins, extracellular secretion of immune-related molecules and antimicrobial 

compounds upon pathogen attack. 
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4. Metabolic priming: Secreted pathogen effectors have emerged as a common strategy for host 

manipulation. 

ROS Mechanism in Necrotrophic Pathogen 
Necrotrophic pathogens induce the production of ROS and cause the death of the tissues. Fungal hyphae 

will produce ROS by NADPH oxidase (Nox) complexes, mainly localized at the plasma membrane which 

stimulates an oxidative burst response within the pathogen. Nox is a multi-subunit complex, consisting of 

NoxA (Nox1), NoxB (Nox2), and NoxC (Nox3). In B. cinerea, both NoxA and NoxB are required for the 

development of sclerotia and for the virulence of the pathogen. NoxB is needed for host penetration, 

whereas NoxA is related to post-infection hyphal growth. Aquaporins, are integral membrane proteins 

involved in water and glycerol transport. AQP8 is involved in ROS production, distribution, and transport 

across membranes. 

Conclusion 
The plants have advanced sufficient strategies to overcome the pathogen attack. Reactive oxygen species 

(ROS) are the key feature of defense in plants against pathogens. ROS production leads to cell death (HR), 

activation of defense genes and systemic acquired resistance in the resistant plants. Specialized pathogens 

secrete effectors to suppress ROS burst and cell death responses in plants. The molecular and cellular 

functions of pathogen effectors and host factors underlying the ROS-mediated response will provide 

significant evidence to understand how effectors have evolved to converge on ROS signaling networks in 

plants. 
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Introduction 
Modern farms are expected to produce more yield with higher quality at less expenses in a sustainable way. 

But the farmers are facing many challenges like, lack of agricultural labour in addition to the aging 

population of farmer’s and increasing wages of labour, more time requirement for the farm operations using 

conventional methods and there is a challenge of producing more food within the available land in a 

sustainable way to meet the demand of predicted 9.8 billion population by 2050 (King, 2017). Kiwi fruit 

harvesting costs over 25% of annual production costs (Longto, et al.2019) and harvesting strawberry could 

cost about 60% of the entire labour cost (YaXiong, et al. 2019). 

Though, the status of farm mechanization in India stands at about 40-45 % with states such as UP, 

Haryana and Punjab having a very high mechanization levels; soil working & seed bed preparation 40 %, 

seeding and planting 29 %, plant protection 34 %, irrigation 37 %, harvesting and threshing 60-70 % for 

wheat and rice and < 5% for other crops (Source: India Agristat). The overall level of farm mechanization 

in India stands at 40-45 %, but the north-eastern states having low mechanization level. This level of farm 

mechanization is still low, when compared to the countries such as the U. S. (95 %), Brazil (75%) and China 

(57%). While the mechanization level lags behind other developed countries, with an average agriculture 

growth rate of 3.56 % through the last decade. 

Implementation of mechanisation and site-specific precision management are some of the possible ways for 

efficient and timely farm work and to meet future expectation. The development and implementation of 

agricultural automation has been executed by autonomous robots and agricultural machineries. The 

agricultural robots have got many applications in different farm operations like seeding, planting, spraying, 

harvesting, pruning and etc. Different systems for autonomous harvesting have been developed in the last 

decades for different fruits like tomato, kiwifruit, strawberry, sweet pepper, apple and etc. 

Agricultural Robot and its Need 
Agricultural robot is a robot deployed for different agricultural operations. These agricultural robots 

automate the slow, repetitive and dull tasks, which allows them to focus more on improving overall 

production yields. The important area of application of robots in agriculture today may be at the harvesting 

stage. Emerging applications of robots in agriculture include: Harvesting, picking and weed control. 

Autonomous mowing, pruning, seeding, spraying and thinning. phenotyping, sorting, packing and utility 

platforms (Mohd., et al.2020). 

Components of Harvesting Robot 
Robotic system is comprised of four subsystems: Machine vision, end effector, gripper and mobile platform, 

as shown in figure 1. 

1. Machine-vision: RGB-D sensors and kinect sensor installed on the rack of the harvesting robot. These 

are the specific type of depth-sensing devices, that work in association with a RGB sensor camera. They 

are capable of augment the conventional image with depth information (related with the distance to the 

sensor) in a per-pixel basis. In recent years, depth sensors have encouraged the communities of computer 

vision and computer graphics to explore novel solutions based on RGB-D images. The depth information 

can provide a significant contribution to solve or to simplify many challenging tasks, such as object 

detection, scene parsing, visual tracking, pose estimation, semantic segmentation, shape analysis, image-

based rendering and 3D reconstruction. The machine vision component of the proposed system has two 

primary capabilities:  

a. Detection: where the goal is to identify individual strawberries in each image.  
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b. Localisation: where the goal is to localize the detected strawberries in the robot frame. 

2. Cable-driven gripper: The primary objectives and challenges of the gripper design are: 

a. To not damage the surrounding and target fruits. 

b. Separating clustered fruits. 

c. Achieving a high tolerance for positional error. 

d. To achieve greater picking speeds. 

Because the gripper's workspace is strictly Cartesian with no rotations required, a 3 or 5-DOF Cartesian 

arm may be sufficient to generate this motion. 

 
Fig. 1 Harvesting robot 

3. End effector: The end effector of harvesting robot is the device present at the end of the robotic arm, 

which can used for various agricultural operations. End effectors are used for harvesting, fruit-thinning, 

spraying and bagging. Each was designed according to the nature of the task and the shape and size of the 

target fruit. The end effector is also called Gripper and it is analogous to the hand of a human body. Types 

of end effectors are, a) Grippers b) Material Removal Tool c) Welding Torches d) Collision Sensors and e) 

Tool Changers. 

4. Software: MATLAB, is a computer programming language that uses computations and algorithms to 

analyze large amounts of data and present it in visually appealing formats and it is used by engineers and 

scientists in various fields such as image and signal processing, communications, control systems for 

industry, smart grid design, robotics. ADAMS -automatic dynamic analysis of mechanical systems, ADAMS 

is the most widely used multibody dynamics and motion analysis software. helps to study the dynamics of 

moving parts, optimize & improve the performance of the system. 

Harvesting / Picking Mechanism of Harvesting Robot 
The picking or harvesting mechanism, consists of a cutter mechanism, three active fingers and 3 passive 

cover fingers. The 6 fingers can open simultaneously, which forms a closed ring to swallow a fruit from 

below. The designed maximum diameter of the gripper open could be in the range of 50 to 60 mm or based 

on the fruit to be harvested. To protect the parts and motors, the open diameter could be set to 45 mm, 

which is sufficient to “swallow” normal fruit of an average size in the range of 30–40 mm. Simultaneous 

motion of the fingers can be achieved by gear transmission. However, this kind of transmission needs 

considerable space below the fingers which may not be desirable. Furthermore, it would be too complex to 

control the three fingers using a motor. As a result, for remote transmission, the cable-driven method may 

be used, which provides enough space under the fingers for harvesting and storing fruits. Furthermore, the 

gripper's three internal infrared (IR) sensors locate the target relative to the gripper and control the arm 
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to move the gripper to the optimal cutting position. Because the gripper detects positional errors without 

using the machine vision system, this control is known as gripper-level close-loop control. As a result, this 

control method, unlike high-level closed-loop control systems such as visual servoing, has the potential to 

increase processing speed. These distance sensors can also be used to avoid physical contact with the fruits 

during harvesting and to determine whether or not harvesting was successful. Furthermore, the gripper 

could be equipped with an internal container that allows it to continuously pick several fruits, and the 

container can store 7-12 fruits, depending on the size of the fruits. 

Control Strategy of the Harvesting System 
The robot's machine vision system starts the sequencing process. First, the robot captures images and sends 

a stream of frames to the fruit detection and localization node on the ROS network. The sequence of fruit 

picking mechanism is given in figure 2. 

1. Fruit detection and localisation: Only the targets that are located in the arm reach region and have 

ripeness areas that are large enough for picking (as determined by colour thresholding) are passed to the 

next process. A coordinate conversion node can then convert the locations of target fruits into the arm 

frame. 

2. Picking sequence planning: When the motion sequencer node receives a number of fruit tracks, it 

arranges all the fruits from the bottom position to the top position. So only ascending order rather than 

minimum chronological order can be used to pick multiple fruits since the holder will start picking from 

the bottom up. If the robot picks the fruit that hangs higher first, the position of the lower fruit may be 

affected by the arm during the first pick. 

3. Individual picking: Next, the motion sequence planning node determines the trajectories for the 

manipulator arm for individual fruit picking.  

4. Fruit dispensing: After all the target fruits are picked or harvested, the gripper dispenses collected 

fruits into a punnet. 

5. Moving platform: simultaneously, the robot platform is moved to a new image area for continuous fruit 

detection and harvesting. 

 
Fig. 2 Working of harvesting robot 
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Advantages and Disadvantages of Automation and Robotics 
Advantages Disadvantages 

It Reduces human effort,  It requires high initial investment, 

Improves the productivity Maintenance cost 

Uniformity of work and Requires knowledge about robot for operators 

Reduces the production cost It is suitable for farming in large areas 

Conclusion 
The robot technology in harvesting operation could be ideal under experimental conditions as compared to 

previous research's but these robots under field conditions need more development. The average speed of 

operation of robots for picking operation may be around 10sec including for all operations, which is slower 

than human picking (3.5 to 4 sec). The robots fail to pick the targeted fruits when the fruits are in cluster 

form. In the view of commercialization and practical aspects, the robots need multi target recognizing 

ability with multi vision system, multi fruit picking ability and more Storage capacity. 
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Introduction 
Mechuka is a beautiful valley situated at 2000 feet above sea level in the state of Arunachal Pradesh. The 

climate of this picturesque valley is subalpine to alpine.  It is mostly inhabited by memba tribe. The rich 

traditional agro-pastoralism knowledge of the Memba tribe for sustainable use of limited natural resources 

for their livelihood is unique.  The climatic condition of this high-altitude location is not promising for all 

the crops.  However, finger (Eleusine coracana) known as Tame in local dialect constitute an indispensable 

component in their cropping system. This wonder crop has the adaptability potential to wide range agro-

ecological diversity with different altitudes up to 2000 meter (MSL). The minerals and micronutrient 

content of finger millet is higher than that of the world’s major cereal grains; rice and wheat. It is also rich 

in iron and fibre, essential amino acids like lysine and methionine which are absent in other cereals. With 

its high nutritional content and resilient to wide ranges of climatic conditions, this super cereal has the 

potential for future food and nutritional security under the changing climate. 

Finger millet is generally cultivated by local tribe of Arunachal Pradesh in jhum field by broadcasting or 

direct seeding. But the memba tribe of Mechuka cultivated it by transplanting method which is seldom 

practice by other tribe of the state in mid and low altitude region. 

Land and Nursery Preparation 
Land preparation is done manually by using spade to get optimum till of the soil (Fig.1). Cultivation is done 

in upland under rainfed conditions. Field preparation is done by slicing out the top layers of the soil which 

contain grasses with roots, and leave it for a month to dry. The nursery bed is prepared by depositing the 

dried grasses along with the attached soil and set on fire. The nursery bed formed is called lingtup where 

seeding of finger millet is done in the month of Febuary-March. 

 
Fig.1: Land preparation for finger millet cultivation 

Transplanting: Transplanting is generally done in the month of April-May (Fig.2). As the favourable 

cropping period in this high-altitude location is limited, transplanting method shorten the crop duration 

and harvesting could be done before the arrival of extreme cold weather in winter. 
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Fig.2: Transplanting of finger millet seedling in upland condition 

2. Soil fertility management: Unlike the other parts of the state where jhuming or shifting is 

predominant, the local tribe of Mechuka practice settled cultivation system in limited cultivable land. To 

improve the soil fertility without using chemical fertilizers, they used a particular kind of fern (called pha-

so in local dialect) to maintain and enrich soil fertility. The fern leaves are collected from the forest and the 

pastoral land during dry season. The collected plant biomasses are heaped together and store in the field 

and used it as manure for crop production. 

3. Harvesting and Threshing: Harvesting is done by collecting the panicle in bamboo basket at 

physiological maturity stage in the month of October (Fig.3). It is properly dried in the sun; threshing is 

done by using locally made wooden device called Yorgue which is made up of two wooden stick joint by 

small node which can be rotated and swing while giving minimal energy (Fig.4). Such wooden implement 

is seldom known or used by other tribe in the state. 

 
Fig.3: Harvesting of finger millet by memba tribe of Mechuka 

 
Fig.4. Threshing of finger millet using locally made wooden device “Yorgue” 
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4. Traditional uses of finger millet: Depending upon the ultimate utilization, finger millet grains can 

be processed in several ways. Generally, the memba people use it for making local beverages called Chang 

or apong. The local beverage prepared from finger millet is highly valued and prized as compare to those 

prepared from rice.  In addition to making local beverage, it is also used for making chapatti, porridge etc. 

Conclusion 
It was found that, the farming system of the memba tribe is eco-friendly and rich in indigenous technical 

knowledge. This enables them to utilize the limited resources under the prevailing cold climatic condition 

in such high-altitude condition. As far as the food and nutritional security of hill agriculture is concerned, 

finger millet could play a vital role due to its richness in vitamins-minerals content and resilience to varied 

climatic conditions. 
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potential for future food and nutritional security under the changing climate. 

Finger millet is generally cultivated by local tribe of Arunachal Pradesh in jhum field by broadcasting or 

direct seeding. But the memba tribe of Mechuka cultivated it by transplanting method which is seldom 

practice by other tribe of the state in mid and low altitude region. 

Land and Nursery Preparation 
Land preparation is done manually by using spade to get optimum till of the soil (Fig.1). Cultivation is done 

in upland under rainfed conditions. Field preparation is done by slicing out the top layers of the soil which 

contain grasses with roots, and leave it for a month to dry. The nursery bed is prepared by depositing the 

dried grasses along with the attached soil and set on fire. The nursery bed formed is called lingtup where 

seeding of finger millet is done in the month of Febuary-March. 

 
Fig.1: Land preparation for finger millet cultivation 

Transplanting: Transplanting is generally done in the month of April-May (Fig.2). As the favourable 

cropping period in this high-altitude location is limited, transplanting method shorten the crop duration 

and harvesting could be done before the arrival of extreme cold weather in winter. 
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Fig.2: Transplanting of finger millet seedling in upland condition 

2. Soil fertility management: Unlike the other parts of the state where jhuming or shifting is 

predominant, the local tribe of Mechuka practice settled cultivation system in limited cultivable land. To 

improve the soil fertility without using chemical fertilizers, they used a particular kind of fern (called pha-

so in local dialect) to maintain and enrich soil fertility. The fern leaves are collected from the forest and the 

pastoral land during dry season. The collected plant biomasses are heaped together and store in the field 

and used it as manure for crop production. 

3. Harvesting and Threshing: Harvesting is done by collecting the panicle in bamboo basket at 

physiological maturity stage in the month of October (Fig.3). It is properly dried in the sun; threshing is 

done by using locally made wooden device called Yorgue which is made up of two wooden stick joint by 

small node which can be rotated and swing while giving minimal energy (Fig.4). Such wooden implement 

is seldom known or used by other tribe in the state. 

 
Fig.3: Harvesting of finger millet by memba tribe of Mechuka 

 
Fig.4. Threshing of finger millet using locally made wooden device “Yorgue” 
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4. Traditional uses of finger millet: Depending upon the ultimate utilization, finger millet grains can 

be processed in several ways. Generally, the memba people use it for making local beverages called Chang 

or apong. The local beverage prepared from finger millet is highly valued and prized as compare to those 

prepared from rice.  In addition to making local beverage, it is also used for making chapatti, porridge etc. 

Conclusion 
It was found that, the farming system of the memba tribe is eco-friendly and rich in indigenous technical 

knowledge. This enables them to utilize the limited resources under the prevailing cold climatic condition 

in such high-altitude condition. As far as the food and nutritional security of hill agriculture is concerned, 

finger millet could play a vital role due to its richness in vitamins-minerals content and resilience to varied 

climatic conditions. 
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Introduction 
Seed endophytes are found in all types of seeds, and have been shown to improve growth, enhance plant 

defence systems, and mitigate both biotic and abiotic stress. The internal environment of a seed changes 

during maturation, which consequently affects the seed endophytic community. The ability to reside in 

seed and adapt to severe environmental conditions are special characteristics of seed endophytes that are 

rarely found in endophytes isolated from roots, shoots, or other plant tissues. Seed endophytes have the 

ability to form endospores, thus providing protection from changing conditions inside the seed. They also 

maintain other features, such as cell motility and phytase activity, in order to be able to migrate freely 

inside the plant and enter the seeds before they harden which is a unique character of seed endophytes but 

not available in any other endophytes because of which Seed endophytes represent not only an endpoint 

for the community assembly in the seed but also a starting point for community assembly in the seedlings 

(Manamgoda, 2013). 

Importance of SE 
Seeds play an important role in the life cycle of spermatophytes; they have the ability to exist in a torpid 

state for a considerable length of time until growth conditions are suitable, and then develop into a new 

plant. It is probable that seeds benefit from seed-borne bacterial and fungal endophytes, which are thought 

to promote seed conservation and facilitate seed germination in soil. 

Seed-borne endophytes are of particular importance because they are passed between successive plant 

generations via vertical transmission, thus ensuring their presence in the next generation of seedlings. 

This process of vertical transmission results in a weakening of microbial pathogenic strength in order to 

support plant growth and development. This mutualism supports and enhances plant survival and 

microbial proliferation (Jones et al., 2016). 

Moreover, alongside their vital role in plant growth and defence, these seed-borne bacterial and fungal 

endophytes benefit the host plants by providing their offspring with valuable endosymbionts. 

Mechanisms of Action of Seed-Borne Endophytes 
The assorted metabolic qualities of seed-borne bacterial and fungal endophytes are dependent on local 

conditions and are used to facilitate the host plant’s advancement. This further strengthens the benefits 

conferred on the host plant, improving its fitness over other plants; this can in turn influence the entire 

environment. 

Mode for Vertical Transmission of Seed-Borne Endophytes 
Seed endophytes must possess efficient motility, and use different means to enter and become established 

in the seed tissue. They are transmitted either through vascular connections between the vegetative plant 

parts, the seed and from parental plants into the seed endosperm, or through transgenerational transfer 

via vertical transmission. Three main transmission pathways have been reported for the transmission of 

seed born-microbes: 

1. Via non-vascular or xylem tissues in the maternal plant; 

2. Through floral pathways, via the stigma of maternal plants; and 

3. By an exogenous pathway whereby seeds are contaminated by the external environment. 

The relative importance to plants of the horizontal and vertical transmission of microbes remains unclear 

However, vertical transmission is reported probably to be a widespread phenomenon of ubiquitous 

endophytes. This mode of transmission is fascinating in terms of its ability to fortify a plant with an 
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established beneficial entophytic community which can be passed, together with its beneficial traits, to the 

plant’s offspring (Fisher et al., 2013). Conservation of vertically transmitted endophytes indicates an 

evolved form of mutualism or benign parasitism in the relationship with the host plant. Vertical 

transmission of seed-borne bacterial and fungal endophytes has been detected in various plant species. 

Isolating Bacillus spp. and Microbacterium spp. from switch grass seeds harvested in 1 year and from the 

plants grown from these seeds the following year, showed that the same microbial species occurred in 

multiple. In addition, isolated the same endophytic bacterial genera were from both seeds and mature plant 

tissues in wheatgrass, therefore suggesting that the seeds are a key source of transmitting mature 

wheatgrass endophytes to the next generation. Furthermore, although fungal endophytes were originally 

thought to be horizontally transmitted, their vertical transmission in various plant species has been 

reported. 

Some studies indeed report the rate of vertical transmission from parental plants into the seed endosperm, 

or through transgenerational transfer via vertical transmission. Three main transmission pathways have 

been reported for the transmission of seed born-microbes: 

1. Via non-vascular or xylem tissues in the maternal plant; 

2. Through floral pathways, via the stigma of maternal plants; and 

3. By an exogenous pathway whereby see. 

Current Status of Endophytes in Biocontrol 
Using antagonistic seed endophytes as biocontrol agents are considered an attractive option for managing 

some plant diseases. Studies indicated that most of the seed endophytes are good candidates for biocontrol 

of phytopathogens. However, a successful research pipeline for screening endophytes through in vitro or in 

vivo tests to determine their antagonistic activities and commercialization of these potential endophytes as 

commercial products for farmers to improve agricultural crop performance needs to be developed. 

Screening Potential Seed Endophytes 
1. In vitro dual culture assay 

2. Glasshouse assays 

Different strategies are employed to identify potential microbial biological control agents (mostly fungi and 

bacteria) through in vitro or in vivo tests. For example, the dual culture assay which is done in vitro to test 

the antagonistic activity of endophytes against pathogens. 

Commercialization of Biocontrol Agents 
1. Biosafety of biocontrol agents 

2. Multistep process 

3. Success of biocontrol, depends on the target pathogen, the crop and the field. 

Challenges and Solutions 
Seed endophytes are appropriate substitutes for chemicals to improve agricultural crop performance, 

especially as biocontrol agents. One of the most vital issues of a biocontrol agent is the success or failure of 

a commercial product. A commercial product should comply with farmer’s requirements such as repeated 

positive results, reasonable price, easy handling and prolonged product shelf-life However, a biocontrol 

product with microbial inoculants and/or microbial secondary metabolites have specific problems of loss of 

viability and reduced effectiveness of the product against pathogen or pest during storage. A lack of 

understanding of the usage of biocontrol methods may end up with reduced confidence in usage and demand 

of the product. Therefore, a full understanding of the practical use of endophytes as biocontrol agents in 

agriculture is essential Nevertheless, there is an urgent need to improve communication between the public 

and researchers for efficient usage of biocontrol methods. It is therefore, crucial to increase the awareness 

of farmers, regarding effective the usage of products for a particular pathogen. 

Conclusion and Future Directions 
Seed Endophytes are an attractive alternative to chemical pesticides as they may provide alternatives for 

plant disease management that contribute to sustainable agriculture. It is interesting to note that 
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endophytes such as Trichoderma species are already widely used as biocontrol agents against plant 

diseases. While ongoing attempts to screen putative seed endophytes, through in vitro experiments under 

standardized conditions are routinely carried out, field experiments under different environmental 

conditions are needed to develop successful commercial biocontrol agents. Field experiments should 

investigate physiological and ecological aspects of biocontrol agents with host plants or crop plants and also 

environmental effects in the field. Further research is essential for the commercialization of biocontrol 

agents, as these will minimize economic and environmental costs significantly. This could be achieved 

through novel approaches using molecular technologies (e.g., metagenomics), ecological dynamics and 

statistical advances. Future work could be integrated with screening, testing antagonistic ability in 

greenhouse and field trials, coupled with biomass production, following the commercialization of biocontrol 

agents that are ultimately essential to ensure global agricultural security. 
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Abstract 
India may be the world’s largest producer of food, but it has its second largest undernourished population 

further more than half of the women in India suffer from anaemia, which is one of the reasons for the high 

rate of low-birth-weight babies. An unbalanced diet and lack of food is directly linked to high rate of 

stunting, excessive weight and death in children under five years of age .The govt of India has implemented 

programmes for providing food security and ensuring access to   adequate quantity of quality food .There 

is a need to look at multirole strategies to combat the issue of food security community and nutrition 

gardens can play an important role in enhancing national food security and dietary diversity to combat mal 

nutrition. 

Introduction 
Nutrition is a fundamental pillar of human life, health and development across the entire life span. From 

the earliest stages of foetal development, at birth, through infancy, childhood, adolescence, and on into 

adult hood and old age, proper food and good nutrition are essential for survival, physical growth, mental 

development, performance and productivity, health and well-being. It is an essential foundation of human 

and national development Nutrition that we obtain through food have vital effects on physical growth and 

mental development, maintained of normal body functions, physical activity and health. Nutritious food is, 

thus needed to sustain life and activity Dietary intakes lower or higher than the body requirements can 

lead to under nutrition (deficiency diseases) or over nutrition respectively. Calories Protein, fibre, vitamin 

K, vitamin C, Folate, Manganese, vitamin B 6, calcium, potassium, magnesium, phosphorus etc. which are 

essential required for normal body functioning. The Daily nutrition  requirement for adult women is as 

shown in table 1. But the intake of all type of vegetables in not as recommended, of total population in 

Himachal Pradesh, almost 25.5percent of children are underweight. Likewise, anaemia among women is 

prevalent with 53.0 percent and in children’s 55.4 percent (NFHS Survey-5) and low dietary diversity at 

the household level is one of the reasons for malnutrition. 

Food groups RDI (gm) 

Green leafy vegetables 100 

Roots and tubers  200 

Other vegetables  200 

Fruits 100 

Cereals  400  

Pulses  80 

Oilseed  30 

Therefore ensuring dietary diversity at the household level would help people to come out of the mal 

nutrition cycle .In this context the Agriculture and horticulture sector can potentially play a crucial role by 

directly addressing these points .one of the crucial component is to raise a nutri- garden n each household 

where natural and bio-fortified fruits and vegetables ( all seasonal vegetables viz green leafy vegetables 

roots tubers and other vegetables ) of high nutritive value and fruits  are grown to combat micronutrient 

deficiencies ,specially iron and vitamin A . Hence Nutri-garden may be regarded as a simple but innovative 

option to: 

a. To enhance the knowledge of children regarding nutritional aspects of vegetables and harmful 

effects of junk food. 

b. To bridge the gap between the available resources and its utilization in a sustainable manner. 

c. Help in Addressing issues like malnutrition and micro nutrient deficiencies by consumption of 

freshly grown vegetables.  



 

 
Volume 04 - Issue 12 - December 2022       84 | P a g e  
 

d. To give children firsthand experience with nature and gardening. 

e. Create additional revenue generating opportunities for farmers communities specially women 

and SHGs. 

f. Introduce healthy eating habit practices. 

Nutri Kitchen Garden 
Is the growing of nutrient rich crops in residential houses or in their vicinity to meet the requirement of 

family all year round. 

Benefits 
Increases availability of food and nutrient sources. 

In Rural Areas 
Nutri- kitchen gardens can be promoted in backyard of the houses. 

Need of Nutri Kitchen Garden Education 
1. Good for learning 

2. Essential for children health  

3. Improve environment  

4. Good for earth  

5. Good for child well being  

6. Increase confidence in students. 

Nutrition Garden Intervention 
Nutri-garden interventions required integrated training in gardening techniques with nutrition education 

aimed at transferring nutrition knowledge nutrition skills. A seasonal calendar of locally available 

vegetables and fruits may be procured from nearby Agriculture and horticulture Universities, KVKs for 

Development of Nurti-garden and proper guidance, Technical know -how. 

Vegetables Grown sarson, chinese cabbage, green leafy vegetables, cauliflower, cabbage leafy vegetables, 

Spinach, knol khol, onion, garlic, ginger, peas, cucurbits, French bean, okra, potato, broccoli, braodbean, 

Colocasia. Tomato coriander pudina chilly carrot radish turnip. and according to area specific 

Fruits Grown apple, plum, pear, apricot, Guava, Papaya, Loquat, Pomegranate, Strawberry, lemon and 

area specific. 
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In Nutri-garden in addition we can add: 

1. Cereal production        

2. Pulses and oilseed production  

3. Milk production   

4. Backyard poultry  

5. Mushroom production  

6. Value addition 

7. Vermi compost unit  

8. Medicinal Plants  

9. Flowering/Decorative Plants 

Conclusion 
The Nutri Garden is targeted at lactating mothers, pregnant women, under-five children, and adolescent 

girls. Though nutri -gardens mainly target women, houses without women are not excluded. In nutri 

gardens, the major focus is on nutrition, and thus, planning is essential.  Nutri Kitchen Developed with 

proper Planning and under guidance of scientists will help farmer //farm women to meet the nutritional 

requirements of the family along with our vulnerable group   -women in all age groups and adolescent girls 

reducing the problems of nutrient deficiencies. Nutri kitchen garden is the growing of nutrient rich crops 

in residential houses or in their vicinity to meet the requirements of the family all year round. It can be 

concluded that due to Nutri Kitchen Garden: 

1. Increases availability of food and nutrient sources  

2. Source of supplementary income (up to 20%)  

3. Fresh and Safe (chemical free)  

4. In urban areas, Nutri kitchen gardening can be promoted in the form of roof top gardening, terrace 

gardening, vertical gardening and container gardening.  

5. In rural areas, Nutri kitchen gardens can be promoted in backyard of the houses. 
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Introduction 
In India, the betel vine (Piper betle L.) is a significant plantation crop. It is a native crop of tropical South 

East Asia. Cultivation of betel vine is reported from India, Pakistan, Bangladesh, Malaysia, Sri Lanka and 

Mayanmar. Assam, Andhra Pradesh, Bihar, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Orissa 

and West Bengal are among the Indian states where this crop is cultivated. Betel vine is a perennial root 

climber that prefers the shade. Around 100 different types of betel vine varieties exist worldwide (Maity, 

1989; Samanta, 1994). In India, the heart-shaped, dark green leaves are known as the Paan. Indians use 

the leaves of the betel vine as a masticator, along with areca nuts and lime. The leaf is frequently used as 

a symbol of hospitality in social, cultural, and religious gatherings. The leaf is used as a remedy for heart 

disease and liver pain because it contains essential oil as well as several vitamins, enzymes, thiamine, 

riboflavin, tannin, iodine, iron, calcium, minerals, and proteins (Chopra et al.,1956). As eye drops, the leaf 

juice is helpful for treating night blindness. Due to the antibacterial properties of the leaves, they are 

traditionally used to freshen breath and maintain oral hygiene.  

The betel vine is extremely vulnerable to diseases, pests, and calamities (Sayeduzzaman, 1988). Betel vines 

grow best in humid, shaded environments that are also conducive to a range of root and leaf diseases 

(Goswami et al., 2002). Due to several betel vine diseases, the betel vine growers consequently suffered 

considerable losses. Wilt, leaf spot, powdery mildew, and leaf rot disease are the most significant diseases 

that affect betel vine plants. Among the fungal diseases Wilt caused by Fusarium semitectum is the most 

severe disease which significantly reduces betel leaf production. Losses due to wilt disease ranged from 4 

to 100 per cent (Saksena, 1977). 

Disease Symptoms 
The vines are affected by the fungus at each and every stage of crop development. Vine wilting appears 

suddenly as the first symptom. The damaged vines exhibit yellowing and a downward drooping of the 

foliage (Fig.-2) The loss of luster causes the leaves to become dull. Within two or three days, the afflicted 

plant entirely dries out. The succulent stem becomes dry as a stick, brittle, and brown. Uneven black lesions 

can be seen on the lower stem along the soil line all the way to the second or third internodes. Wet rot 

occurs in the infected internodes, causing the tissue to become mushy, slimy, and smell fishy. Additionally, 

the damaged plants' roots have significant rotting and discolorations. 

  
Fig.1.Field view of betel vine Fig.2. Betel vine wilt infected plants 
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Pathogen 
The fungus produces hyaline, non-septate mycelium. The sporangia are thin walled, hyaline ovate shaped 

with papillae, measuring 30-40 X 15-20um. Zoospores, which are liberated from the sporangia, are kidney-

shaped and biflagellate. Oospores are dark brown, globose and thick walled. 

Favourable Conditions: September to February months with high atmospheric humidity and low night 

temperature (23˚C and below) are highly favorable for development of the disease. 

Mode of Spread and Survival 
The fungus is soil-borne and thrives in the plant debris from infected plants as a facultative saprophyte 

and in the soil as oospores and chlamydospores. Through irrigation water, the fungus primarily moves from 

field to field. Splash irrigation and wind-borne rainfall are responsible for the secondary dissemination of 

sporangia and zoospores. 

Management 
1. Select healthy and disease-free planting materials. 

2. Soak the vines in Streptocycline 500 ppm + Bordeaux mixture 0.05 per cent solution for 30 minutes 

before planting. 

3. Apply Neem cake @ 1 Kg/pit may be mixed with the mixture at the time of planting. 

4. Apply shade dried Neem leaf or Calotrophis leaves @ 2tons/ha in 2 split doses and cover it with mud. 

Collect and destroy the infected vines and leaves. Regulate irrigation during the cold weather period. 

5. Drench Copper oxychloride 50% WP @ 2.5 Kg in 300-400 liter of water/ha 

6. During winter season avoid frequent irrigation. 

7. Remove the affected vines away from the garden and burn them. 
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Introduction 
Climate change is one of the most sensitive topics in agriculture and it affects the food security in different 

ways which causes economic consequences in the formation of less income, disintegrated livelihoods, health 

problems and trade interference. Food security is one of the foremost concerns linked with climate change. 

Agriculture being one of the most prime sectors for food security and Indian economy. The livestock, seafood 

and crops help in distribution of the economy each year and prior to this climate change can have a negative 

impact on this fields of enterprises under agriculture because they have a huge impact under climate.  

India has enough reasons to be worried about the climate change because most of the population depend 

on the climate sensitive sector. The already subsist problem of food security in India will be under more 

worst situation due to climate if not addressed on time. 

It will become difficult to secure food security because of the undergoing change in climate for a country 

especially like India where most of the people are under privileged and falls beneath one third of the 

population which is estimated to be absolutely poor and most of the children are malnourished in one way 

or another (Dev and Sharma, 2010). To explore the impact of climate change on Indian agriculture sector 

is very aggregated as many factors dwell under this phenomenon. 

Climate Change can have an Impact on the Four Dimensions of Food Security 
1. Availability: Due to the change in climate, agricultural production will come to reduction because of 

the environmental degradation, Shifting of growing seasons, Global warming and changes in the agro-

ecological conditions. Changes in temperature such as high temperature and changes in rainfall patterns 

will also affect the crops yield and quality causing reduction in food availability. 

2. Access: As a result of less production the food prices will also increase which will result in reducing 

access to food. For the most liable, reduced agricultural production will also extend in lower income as a 

result and under these situations, the less privileged one who mostly use their earnings on food will to 

sacrifice. 

3. Stability: The stability of food production will be disrupted by the extreme weather events and also the 

accessibility and people’s livelihood. 

4. Utilization: Because of change in climate there is evidence of the incidence of diseases which will affect 

the utilization of food especially for children’s. Less production also means that there will be less access to 

poor people due to low availability and high prices which will increase the risk of malnutrition among 

children. 

In many parts of the world there has been an estimation on the Impact of climate change on Agricultural 

production: 

a. In South Asia the temperature is predicted to be increased by 2.3-4.5°C by 2070-2099 which will 

influence the net cereal production to be decreased by at least 4-10 %. e.g., Rainfed wheat production 

is to be decreased by 20-75% by 2080. 

b. In Latin America temperature is predicted to be increased by 1.0-7.5 °C by 2070-2099 which will 

impact the cereal yields by 10-30% by 2080. 

c. By 2030, the heat stress might cause crucial reduction in rice production in South and Southeast 

Asia. 

d. It can highly affect the germination percentage of different rice varieties. 

e. During 2000 the wheat production (total yield in million tonnes) was 75-80% and it has been 

predicted that by 2070 the production yield will be 58-60%. 
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Ways to Achieve Food Security 
1. Integrated Farming system: Integrated approach to make climate smart can also ensure the food 

security. In this system the byproduct of one system becomes the input for other which intensifies to “no 

wastage”. It refers to integration of livestock and crop production moreover, the system will help the poor 

farmers who have very small area of land. 

2. No-Till Farming: We can probable reverse climate change if the land farmed around the world was in 

no-till. The management of soil carbon can increase the amount of carbon in soil organic matter, which will 

reduce the carbon dioxide in the atmosphere and will the overall soil health which will be important in 

impact off climate change. 

3. Agroforestry: This method enhances the overall farm productivity and soil enrichment through the 

phytoremediation, litter fall, biodiversity conservation, watershed management. It can contribute in food 

security because agroforestry products can make a major contribution to the economic development of the 

poor farmers. 

4. Climate resilient crops: Crop varieties with different characteristics such as tolerance to drought, 

heat, flooding, chilling and salinity stresses are required in order to improve the yield of crops and 

sustainability. 

5. Remote sensing: It can help in the agriculture sector as this are more advance in understanding the 

climate system and the changes. It is used to monitor which can early precaution and preventions. 

Conclusion 
In many developing countries like India, Climate change has been one of the most scorching concerns for 

agriculture practices. The change in rainfall pattern and the change in temperature and increase of the 

carbon dioxide level will surely have a huge impact on agriculture and thus on Food security in India. Soil 

erosion, low water use efficiency, degradation and poor health, Unbalanced use of water and nutrient, 

changes in pest patterns, etc. can worsen the situation further. Climate start agriculture, Agroforestry, 

micro irrigation system, use of drought resistant varieties, Integrated Farming system etc. can help in Food 

security. 
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Farming on rooftop is modern technique of growing different kinds of fresh vegetables and fruits on roof of 

the houses in order to fulfill basic needs of kitchen and live a healthier life. 

Introduction 
The term rooftop or urban rooftop farming gained more popularity in the 20th century. Rooftop farming is 

most common in urban areas, where the availability of land to start a kitchen garden is very limited. In 

cities, large concrete buildings have wide spaces on their balconies. Roof gardens can be established in an 

optimal manner with ample space on roofs and balconies, availability of sunlight and water. This works 

wonders for urban planning, as rooftop farms effectively absorb solar radiation which reduces the ‘urban 

heat island effect’, insulates and cools the host building and there by reduces electricity consumption and 

reduces the risk of rainfall and storm water management. In high-rise buildings, not all apartments have 

roofs. This way container can be placed on balconies and windowsills. Urbanization has become a common 

phenomenon in the Indian society. In the repercussion of ever-growing urbanization sprawl, we are losing 

our agricultural land every hour and the population is growing by leaps and bounds simultaneously. It 

means we will have less land to grow food on and more mouths to feed which is alarming and poses a 

greater challenge for our future generations. Rooftop farming is a viable option to tackle this situation in 

the near future. 

 

Objectives of Farming on Rooftop 
1. Utilization of time and space. 

2. Making a healthier life style. 

3. Self sustainable for kitchen requirements. 

4. More organic approach of farming and less use of chemicals. 

5. Saving certain amount of money. 
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Benefits of Rooftop Farming 
1. We can get fresh veggies at our own home at anytime. 

2. It saves our money and time. 

3. We become healthy by eating fresh and organic food. 

4. Working in rooftop farming gives us physical exercise and mental pleasure. 

5. We learn to live with and respect nature. 

6. We can use our kitchen waste to make compost instead of throwing. 

7. Different waste materials such as plastic bottles which can hamper environment can be reused. 

8. It helps to reduce air pollution. 

9. We can learn different farming techniques. 

10. Rooftop farming helps to use rain water. 

Steps to Start Farming on Rooftop 
Starting farming on rooftop is very easy. One can start to grow different kinds of vegetables, fruits, spices 

and flowers within the roof at very less cost and with minimal effort by following these steps:-  

1. Selection of pots: For development of rooftop garden, the first step is to select suitable pots which are 

used to store growing medium such as soil and Coco pit. Some of the most commonly available pots are: -

Plastic pots, earthen pots, Cement pots, Grow bags, Tin Boxes, Wooden barrels, Fertilizer bags, etc. Wash 

those containers thoroughly and make drainage holes for the optimum performance of plants. However, 

among all these, earthen pots are best in all climates no matter whether it is summer or winter.   

2. Making potting mixture: After selecting suitable pots, makes potting mixture by mixing the Garden 

Soil: Compost: Sand @1:1:1/ Garden soil: Compost: Coco pit @ 1:1:1 with the help of hand hoe and shovel. 

For farming on rooftop heavy soil should not be used. Coco pit is fiber of coconut, light in weight helps to 

get good aeration and drainage. This can be bought from market. It is better to buy coco pit brick which 

can be used for longer time. It can be mixed with soil to use as a potting mixture. For getting good results 

partite can also be used in potting mixture. Partite helps in excellent drainage and to maintain pH which 

is very good for our rooftop plants. Before filling potting mixture inside the pots, holes should be made at 

the bottom portion of containers and cover those with stones or pebbles. These holes act as a drainage 

system and do not allow the soil to drain out of the stone or gravel containers. Pot should not fill fully with 

the potting mixture. There should be gap of 1-2 inch at top which will conserve soil during irrigation.  

3. Planting of plants in potting mixture: Once the pots are filled with potting mix, sow the seeds or 

plant the seedlings according to the season. For transplanted vegetables, where nursery is to be raised, 

shallow pans and tubs can be filled with a fine mixture of soil, sand and compost @ 1:1:1 and seeds should 

be sown. Pots should be irrigated immediately after sowing. A layer of dry grass or straw is spread over the 

soil until the seedlings emerge and then it is removed. Most of the seedlings are ready for planting after 

one month of sowing. Seeds of certain vegetable crops which can be sown directly should be sown in selected 

pots/polythene bags etc. Sowing depth should be about two and halftimes the size of the seed. 

4. Irrigation: Plants in pots/containers need a lot of care and attention. It is essential to water plants 

judiciously depending on the season, type of crop, plant and container size. The rule of thumb for irrigation 

is to rake the topsoil about an inch and see, if the subsoil is moist, no immediate irrigation is needed. 

Irrigation can be done by drip system / sprinkler system or by using rose cane or sprayer. Evening crop 

irrigation is recommended as there is direct sunlight during the day and evaporation is high. 

5. Staking: Depending on the stage of plant growth, they need support. Plants like lablab, bottle gourd, 

pumpkin, bitter gourd and snake gourd need stocking or should be trained in pandal method for proper 

support. Apart from the above, plants like tomato; brinjal and pepper also need to be stocked on the 60th 

day of planting.  

6. Fertilizer application: For maximum growth and yield of crops, organic fertilizers should be applied 

along with inorganic fertilizers. Top dressing with nitrogen fertilizers in the form of DAP/urea improves 

plant growth and yield. Application of small amounts of urea i.e. 5-10 g in moist soil once a week/ 3 weeks 

after sowing/ 2 weeks after transplanting is effective. Usually 5-10 grams of complex fertilizer 

(17:17:17/20:20:20) containing NPK mixture is applied in 3 stages: l 30 DAP during vegetative stage- 5-10 

g/plant. l At flower set time 60DAP – 15-20 g/plant. l During fruit set 90 DAP- 15-20g/plant. Vermicompost 
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should be applied at 100 grams per plant per month. Vermicompost should not be mixed with any inorganic 

fertilizers during application. So organic and inorganic fertilizers should not be applied together. 

7. Care and management: Protect the crop from disease and pest. Always try to use organic pesticides 

as much as possible. Insect traps such as pheromone traps can also be used to protect plants. Additionally, 

it is best to use nets when cultivating on the roof. Since there is little chance of pollination by insects or 

bees on the roof, care should be taken during pollination. In this case hand pollination technique is useful 

for good production. Another technique is 3g cutting which increases female flowers on the plant to get 

maximum production. 

8. Harvesting: A rooftop garden can be planted in all seasons to harvest vegetables throughout the year. 

In the case of annual plants after harvest, the plants are uprooted and all the potting mix should be taken 

out of the pot, adding some nutrients for the next growing plant (Sudhanshu singh et al., 2022). 

Selection of Plants for Rooftop Farming 
Seasonal vegetables: Vegetables such as beans, brinjals, tomatoes, carrots, broccoli, garlic, green peas, 

okra (bhindi), sponge gourd, ridge gourd, snake gourd, bitter gourd and bottle gourd, can be successfully 

grown. It is always good to grow them on the southern or western side of the roof, so that, plants will have 

enough sun light and can thrive well.  

Small fruit trees: These are to be planted in plastic drums (minimum 100-litre capacity) or the largest 

available grow-bags. The trees that can be grown in this way include sapota, guava, apple, citrus fruit such 

as orange, lime, sour soup (Hanuman pal), Indian gooseberry (dwarf amla), bananas. 

 

Leafy green plants: Sweet potatoes, lettuce, spinach, potatoes, coriander, turmeric and ginger can be 

grown in separate plastic-bags or pots that are deep enough to cater for tubers. 

 

Hanging plants: The vertical space on roof wall has to be utilized efficiently. The vegetable shrubs and 

vines such as beans, gourds and tall tomato varieties can be planted near the walls and railings. Reason to 
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grow flowers in your vegetable garden is to attract native bees and other beneficial insects. Flowers such 

as bougainvillea, jasmine, hibiscus, sunflower, tulips, lavender, rose, oleander etc can be grown in planters. 

 

Conclusion 
In future, roof top gardening will provide organic vegetables and maintain environment pollution as well 

as maintain temperature near the surrounding buildings. 
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Introduction 
The rapid advancement of genetic-engineering techniques and increased understanding of molecular 

biology have opened up new possibilities to address the widespread global problem of food and nutritional 

security by enhancing bio-functionality and bio-availability of fruit and vegetable. Genetic modification of 

a number of fruit and vegetable to improve their nutritional quality due to increased content of vitamins, 

minerals, pigments and other bioactive compounds have been reported. In addition, it also exhibits 

potential to enhance shelf life of horticultural produce by delaying ripening, senescence, maintaining better 

firmness and texture and reducing postharvest disease incidence. Genetically modified (GM) food product 

first appeared in the market during 1960s. In 1967, a potato (Solanum tuberosum L.) variety called Lenape 

potato was developed for making chips owing to its high solids content. However, after two years, it was 

withdrawn from the market by the United States Department of Agriculture (USDA) due to the presence 

of a toxin, solanine. Later in the 1980s, scientists in the United States (Monsanto Corporation), Germany 

(Max Planck Institute for Plant Breeding) and Belgium together developed a technique to produce 

transgenic plants by introducing new genes into the plant by Agrobacterium tumefaciens. China was the 

first country in the world to commercialize transgenic in the early 1990s with the introduction of virus-

resistant tobacco (Nicotiana tabacum L.), and there after a virus-resistant tomato (Solanum lycopersicum 

L.). In USA, first pest-resistant potato was produced using Bacillus thuringiensis (Bt) to reduce the crop 

losses caused by Colorado beetle. In the year 1994, the first genetically engineered whole food Flavr Savr® 

tomato was developed by Calgene Corporation, known for its slow ripening. It was approved by Food and 

Drug Administration (FDA) for its commercial sale in the market (Ram et al., 2021). 

What is Genetic Modification (GM) of Crops and How is it Done? 

 

GM is a technology that involves inserting DNA into the genome of an organism. To produce a GM plant, 

new DNA is transferred into plant cells. Usually, the cells are then grown in tissue culture where they 

develop into plants. The seeds produced by these plants will inherit the new DNA. The first stage in making 

a GM plant requires transfer of DNA into a plant cell. One of the methods used to transfer DNA is to coat 

the surface of small metal particles with the relevant DNA fragment, and bombard the particles into the 
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plant cells. Another method is to use a bacterium or virus. There are many viruses and bacteria that 

transfer their DNA into a host cell as a normal part of their life cycle. For GM plants, the bacterium most 

frequently used is called Agrobacterium tumefaciens. The gene of interest is transferred into the bacterium 

and the bacterial cells then transfer the new DNA to the genome of the plant cells. The plant cells that 

have successfully taken up the DNA are then grown to create a new plant. This is possible because 

individual plant cells have an impressive capacity to generate entire plants. On rare occasions, the process 

of DNA transfer can happen without deliberate human intervention. For example, the sweet potato 

contains DNA sequences that were transferred thousands of years ago, from Agrobacterium bacteria into 

the sweet potato genome. 

Genetic Modified Fruits and Vegetables 
Pluots: Plums and apricots are delicious fruits in their own right, but combined, they form the genetically 

modified treat known as the pluot. Described by WiseGeek as “an intensely flavored fruit”, pluots are 

heavily fortified with vitamin C and have no sodium or cholesterol. 

 

Lematos: Lemon and tomato aren’t the most natural of pairs, but that didn’t stop Israeli researchers from 

bringing us the Lemato! Unlike other genetically altered fruits and veggies (which were created primarily 

for health reasons), it appears that the lemato was solely an experiment to determine if it was possible to 

make tomatos give off the scent of lemons. 

 

Banana: GM bananas is the next type of fruit that has made it to the list of genetically modified fruits and 

vegetables. A team in Uganda is responsible for this particular modification. The reason behind this 

modification is due to the growing concerns of a bacterial disease called Xanthomonas. This disease has 

been rotting banana plantations for long. Though a few trials of the GM banana have shown success, the 

Ugandan people are not resorting to the GM technology yet. 

Papaya Resistant to Papaya Ringspot Virus 
In 1992, papaya ringspot virus (PRSV) was detected in Puna, the major papaya-producing district in 

Hawaii. PRSV resistance was not found in papaya germplasm or in wild Carica species suitable as 

candidates for interspecific hybridization. Furthermore, insecticides failed to control the aphid vectors 

responsible for virus transmission, and many orchards were therefore abandoned due to PRSV infestation. 

The widely cultivated ‘Sunset’ papaya was transformed with a gene derived from a Hawaiian strain to 

produce the transgenic papaya ‘SunUp’, which is completely resistant to PRSV in Hawaii ‘SunUp’ papaya 

was crossed with ‘Kapoho’, a non-engineered cultivar, to obtain the yellow-flesh ‘Rainbow’ papaya, which 

is also resistant to PRSV. 

Non-Browning Apple 
Fruit quality is affected by the activity of polyphenoloxidases (PPOs), which oxidize phenolic compounds 

and cause gradual browning in fleshy fruits such as apple. PPOs are activated by exposure to oxygen, 

resulting in browning when fruits are damaged, peeled, or cut. Enzymatic browning can be prevented by 

storage in an air-free environment, the inactivation of PPOs by irradiation, or through the use of chemical 

http://www.wisegeek.com/what-are-pluots.htm
http://www.wisegeek.com/what-are-pluots.htm
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inhibitors and natural antioxidants. The Arctic® apple concept was developed by silencing of PPOs. 

Currently, there are three commercial varieties of Arctic® apple: Arctic® Golden Delicious, Arctic® Granny 

Smith, and Arctic® Fuji. Commercial harvest of Arctic® Golden Delicious and Arctic® Granny Smith 

started in 2016, and Arctic® Fuji will be on the market in 2021. 

Pink-Fleshed Pineapple 
Fruits with different skin and flesh colors have been developed by conventional breeding and in proof-of 

concept engineering experiments. In 2005, the Pinkglow™transgenic pineapple was developed, in which 

the pink flesh accumulates lycopene due to the modification of the carotenoid pathway. The skin of the 

Pinkglow™ pineapple also has a combination of green, yellow, orange, and red colors, whereas conventional 

pineapple is green and yellow. In addition to the modulation of carotenoid accumulation, an endogenous 

ethylene biosynthesis gene was suppressed to control flowering, but this trait has yet to be evaluated. 

Tomato and Sweet Pepper Resistant to Cucumber Mosaic Virus 
In 1990, tomato crops in Fujian province (China) were affected by a virulent strain of cucumber mosaic 

virus (CMV) causing severe necrosis. CMV is a major threat to tomato and sweet pepper and thus the 

tomato line PK-TM8805R and the sweet pepper line PK-SP01 were developed. Both fruits express a CMV 

protein gene, conferring resistance to CMV, but data concerning the performance of these cultivars have 

not been published. 

Purple Tomato with Snapdragon Gene to Fight Cancer 
Plant geneticist Cathie Martin and her team of UK researches proved that anything is possible by 

developing the purple-colored tomato. This is genetically modified version of the original tomato but comes 

with a unique combination. To develop the purple tomato, the team combined the snapdragon flower and 

tomato. It has a color that is similar to the eggplant but modified to produce more anthocyanins which is 

antioxidant pigmentation. To observe the results, the team used two different groups of mice. One group 

consisted of mice that were prone to cancer while the other were normal and healthy. The team made sure 

that they did not modify the natural nutritional aspect of the tomato since it was already rich in 

anthocyanins. Well, the team is still waiting for the green signal considering that it does take time to get 

the clearance through regulation. 

Squash Resistant to Potyviruses 
Like CMV, zucchini yellow mosaic virus (ZYMV) and watermelon mosaic virus 2 (WMV 2) are potyviruses 

transmitted by aphids. Together, these viruses can reduce the yields of squash by up to 80%. Resistance to 

these viruses is not found in squash germplasm, and cannot be introduced by interspecific hybridization 

due to hybrid incompatibility and the concomitant transfer of undesirable traits. In 1995, several 

transgenic inbred squash lines were developed by transformation with single or multiple viral protein genes 

from ZYMV, WMV2, and CMV. Transgenic lines ZW-20 and CZW-3 showed complete resistance to ZYMV 

and WMV2, line CZW-3 showed additional resistance to CMV. 

Eggplant Resistant to Eggplant Fruit and Shoot Borer 
In Bangladesh, eggplant is the second most important fruit crop and a major source of income for small, 

resource-poor farmers. Eggplant fruits are unmarketable when infested with eggplant fruit and shoot borer 

(EFSB) larvae (Leucinodes orbonalis) but effective prevention requires the application of more than 100 

sprays of insecticide each season. In addition to the detrimental impact on the environment, this accounts 

for more than a quarter of production costs, and there are still losses due to the prevalence of EFSB. 

Resistant cultivars have not been developed by conventional breeding, but a transgenic variety producing 

Bacillus thuringiensis (Bt) toxins   is resistant to EFSB has been commercialized (Maria lobato et al., 2021). 

Transgenic Common Beans (Phaseolus vulgaris) 
The common bean is among the most important grain legumes used for human consumption. However, 

although beans are rich in some essential amino acids, e.g., lysine, threonine, valine, isoleucine, and 

leucine, their nutritional value is limited because of the small amounts of the essential amino acid 
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methionine and cysteine. Common bean methionine content has been increased by the expression of 

methionine-rich storage albumin from Brazil nut. 

Transgenic Potato (Solanum tuberosum) 
Potato is the world’s fourth most important source of calories, and it’s any nutritional enhancement is of 

great significance. In potato tuber, provitamin A (carotenoid forms) have been increased by 

incorporating PSY gene and by simultaneous incorporation of three genes: PSY, phytoene desaturase, and 

lycopene β-cyclase. Beta-carotene content in tubers has been also enhanced by using RNAi to silence the 

beta-carotene hydroxylase gene (bch), which converts beta-carotene to zeaxanthin and by regulation of 

beta-carotene synthesis through expression of lycopene β-cyclase. GM potato was made resistant to late 

blight by adding two resistance genes, blb1 and blb2, which was originated from the Mexican wild potato 

Solanum bulbocastanum (Johnson et al. 2007). 

Transgenic Sweet Potato (Ipomea batatas) 
Sweet potato is an alternative source of bioenergy and natural antioxidants. It is rich in various 

phytochemicals, anthocyanins, vitamin C, carbohydrates, potassium, and dietary fiber. Its nutrition 

properties have been further enhanced by increasing the contents of carotene, lutein, and total carotenoids 

by over expressing orange IbOr-Ins gene in white fleshed sweet potato. The antioxidant capacity of orange-

fleshed sweet potato cultivar has been increased by overexpression of IbMYB1 a key regulator of 

anthocyanin biosynthesis in the storage roots. 

Transgenic Cassava (Manihot esculenta) 
Cassava is an important staple food crop for millions of poor people worldwide as it is tolerant to different 

stresses. However, cassava is deficient in several important nutrients like provitamin A, vitamin E, iron, 

and zinc. Cassava biofortification of provitamin A, iron, and zinc has been carried out to reduce their 

deficiency among the undernourished communities. 

Transgenic Carrot (Daucus carota subsp. sativus) 
Carrots are one of the most popular vegetables and contain high levels of beta-carotene and vitamins and 

minerals; however, like many vegetables, these are poor in calcium content. 

Transgenic Lettuce (Lactuca sativa) 
Lettuce is one of the most popular leafy vegetables all around the world. Compared to spinach, the iron 

content of lettuce is low. The lettuce has been improved for iron content, yield, and growth rate by 

expressing a soybean ferritin gene. 

Transgenic Cauliflower (Brassica oleracea) 
Cauliflower is a popular vegetable in several parts of the world. It is rich in antioxidant phytonutrients. Its 

nutritional value has been further enhanced by increasing beta-carotene content in mutant orange 

cauliflower by the insertion of a copia-like LTR retrotransponson (Garg et al,. 2018). 
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Introduction 
The omics technologies of metabolomics, transcriptomics, proteomics, and metagenomics are playing an 

increasingly important role in nutrition science. With the emergence of the concept of precision nutrition 

and the need to understand individual responses to dietary interventions, it is an opportune time to 

examine the impact of these tools to date in human nutrition studies. Advances in our mechanistic 

understanding of dietary interventions were realized through incorporation of metabolomics, proteomics, 

and, more recently, metagenomics. 

Nutrigenomics is defined as the study of how foods affect our genes and how individual genetic distinction 

can affect the way we react to nutrients and other naturally occurring substances in the foods we consume 

(Brennan and Roos,2021). 

 

The Emergence of Nutrigenomics 
The genome of all organisms is dynamically interacting with the environment under constant evolutionary 

pressure and natural selection to confer optimal adaptation to organisms, thus securing maximal survival 

and maintenance. Since humans are continuously “exposed” to their diet, a ubiquitous environmental 

factor, the gene–nutrient interaction is an ancient ongoing interplay that has been co-evolving with humans 

since the dawn of humankind. In a sense, one might argue that we are co-evolving with our food and diet 

as well as with our habitat, natural, or human-made. A typical example of such evolution is lactose 

intolerance. The majority of adults globally are lactose-intolerant today. This condition does not favor 

digestion of milk products, because the gene encoding lactase is typically silenced soon post weaning Sir 

Archibald Edward Garrod, an English physician was the first one to introduce as early as 1902 the concept 

that interactions between nutrition and genetics determine phenotype, in his seminal work on inborn errors 

of metabolism (Angelos K. Sikalidis, 2019). 
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Nutrigenomics Applications 
Historically, the first utilizations of nutrigenomics technology occurred in the areas of obesity, CVD, and 

cancer. Some early key findings that jump-started nutrigenomics in the early fields of application are 

briefly discussed below for historical purposes. 

 

Polyunsaturated Fatty Acids (PUFAs) 
A series of early in vivo dietary experiments with varying compositions of fatty acids in the livers of rodents 

produced useful information regarding the effects of the various types of fatty acids on the overall 

metabolism as well as the fatty acid–gene expression interaction. 

Hypertension 
A single point mutation in the angiotensin (ANG) gene influences the overall levels of ANG protein in the 

blood, which in turn is a determinant of the risk of high blood presser. 

Cardiovascular Disease (CVD) 
Protein Apo-A1 plays a key role in lipid metabolism and subsequently in CVD risk. A single nucleotide 

mutation of the DNA base G to A in the promoter of APOA1 gene is positively correlated with the increase 

of high-density lipoprotein cholesterol, although there is some controversy over the matter. 

Cancer 
The study of nutrient-modulated carcinogenesis involves several key parameters, including: 

1. The effect of nutrients on DNA damage and repair mechanisms. 

2. The DNA methylation pattern, which influences gene expression and cellular phenotypes. 

3. Antioxidant rearrangement and oxidative stress. 

4. Target receptors and signal transduction pathways, while finally. 

5. Cell cycle controls and check points, apoptosis and antiangiogenic processes. 

Human Population Genetic Variation: A Challenge for the Field of Nutrigenomics 
We see today genetic variation among human populations regarding genes responsible for the metabolism 

of a variety of nutrients. Different alleles, which may present the same phenotype, populations to particular 

nutrients due to different genetic predisposition. Such examples may be encountered both in cases of 

Genetic information trancript product biomarker 

        (Genome) (mRNA) 

DNA RNA Protien  metabolite 

Diet + Functional genomics =       nutritiona lgenomics  
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monogenic (e.g., lactose intolerance in Asian populations compared to Europeans) and polygenic processes 

(e.g., obesity, metabolic syndrome, and T2DM in African American or Hispanic populations. 

Nutrigenomics Example 
An example of nurigenomics is the link between a compound in red wine called resveratrol and cancer. 

Resveratrol can stimulate a gene that protects tissue from free radical damage and thus can help to prevent 

cancer. Folate a nutrient found in deep green leafy vegetables, is important to make DNA (Angelos K. 

Sikalidis, 2019). 

Future Foods: Nutrigenomics 
Nutrigenomics is short for ‘nutritional genomics’. In future, it’s possible healthy eating guidelines may also 

take into account your individual genetic make-up. 

Genetically-Tailored Food 
Currently, there are guidelines for healthy eating for people of different ages and stages. Because of genetic 

differences, optimal nutrition for one person may not be optimal or even appropriate for someone else. A 

disease like haemochromatosis – a genetic disorder that leads to iron overload – is a well-recognized 

example of this. Scientists want to develop foods which can match individual genotypes to enhance your 

health. Nutrigenomics researchers at The University of Auckland have found a potential relationship 

between Crohn’s disease and diet. The research team is studying the link between foods eaten by people 

with Crohn’s disease and different variations of the disease-related genes. Information about lifestyle and 

symptoms are also collected to learn more about the disease and potentially to allow tailoring of foods to 

genetic type. 

 

Future Scope of Nutrigenomics 
New tools available in modern research allow nutritionists to screen genetic background through 

transcriptomics, proteomics and metabolomics and develop dietary strategies targeted nutrition. Actually, 

nutrinenomics approach can be divided into 3 ways (1) Gene switching, (2) Emphasis gene-protein relation 

and (3) Influence of food ingredients on gene expression. To evaluate the interaction between diets and 

genes, DNA microarray techniques and quantitative real-time Polymerase Chain Reaction (PCR) can be 

applied. Two-dimensional gel electrophoresis might be an important tool to explore the effect of individual 

amino acid on protein composition that leads to safe usage of transgenic fish in our nutrition. The division 

of biomarker nutrigenomics is a revolutionary new way to view the food and the pharmaceutical capabilities 

of the food to reverse disease and slow down the process of ageing (Bhatt and Sharma, 2011). In order to 

get desired health, genes specific nutritional factors should be targeted (Kore et al., 2008). In Japan, about 

350 items have been approved as food for specified health use by the Japanese Ministry of Health, Labour 

and Welfare. Each item has a specific health claim, such as food for hypertension, high cholesterol, diabetes, 

etc. based on clinical studies. Nutrigenomis is a recent subject and there are scanty of report regarding the 
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nutrition related gene expression. More research should be conducted to explore the genetic polymorphism 

and nutrition related gene expression for preparation of personalized diet. 

Conclusion 
Nutrigenomics, emerging as a new era of research, promises us better development of functional food and 

nutraceutical research. Nutrigenomics is widely used for studying different human disease like heart-

related disorders, hypertension, obesity, as well as diet-related disorders. Gene-diet relation revealed that 

the adiponectin gene polymorphism contributes to insulin resistance. Further development in the field of 

nutrigenomics will definitely show its potentiality in the food market and the growth of individuals. This 

nutritional research is not only for application in laboratories but for a better development of food for 

society. Thus, it is essential to take care of public awareness on these matters. In field application, the 

manufacturers need regulation and guidance to improve safety reliability and health benefits on the 

products. To overcome diet related diseases and promote health, we can develop Food Based Dietary 

Guidelines (FBDG). In this post-genetic era, the genes we inherit cannot be altered but we can change their 

response to their environment through nutrigenomics in order to achieve desired results. 
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Introduction 
Cut flower crops and vegetables are largely grown in greenhouse condition in India. Greenhouse climate 

can play a big role in allowing pests or disease to proliferate. A greenhouse that is too hot or cold, too wet 

or dry, can stress plants and make them vulnerable to pest outbreaks. Green house can play a hotspot for 

insect activity. 

Greenhouse Insects are Difficult to Manage 
Greenhouse insects are difficult to manage because: 

1. Most of them will go upto 20 generations per year 

2. They have no natural enemies to reduce the population 

3. Almost unlimited food supply all around the year 

5. Environmental conditions are constant inside the green house 

6. Some life stages are not susceptible to treatment. 

7. Major insecticide and acaricide resistance has developed. 

Major Pests of Green House Condition 
1. Aphids: There are several species of aphids attacking greenhouse crops includes, Green peach aphid 

(Myzus persicae), melon aphid, (Aphis gossypi) etc. Symptom: Yellowing, curling, crinkling and wilting of 

plants. 

2. Whiteflies: Trialeurodes vaporariorum and Bemisia tabaci. Symptom: Produce honey dew, cause sooty 

mold, leaf distortion. 

3. Thrips: Heliothrips haemorrhoidalis and Frankliniella occidentalis. They are having rasping-sucking 

type of mouthparts. Symptom: leaf distortion, bronzing, scratch marks, Deformed and silvery coloration. 

4. Mites: Tetranychus urticae and Polyphagotarsonemus latus. Symptom: severe structural abnormalities, 

bronzing of leaves. Dry leaves and high temperature under protected cultivation are ideal conditions for 

outbreak. 

5. Fungus Gnat: Fungus gnats are small, winged, long-legged insects that typically graze on algae and 

organic matter in soil media and can carry soil borne diseases.  

6. Budworm in cutworm and vegetable crops: Helicoverpa armigera. Symptom: Circular bore holes in 

buds and vegetables and feeding larvae we can see. 

Integrated Control Measures 
There are 2 types of control methods including I) preventive and II) curative measures. 

1. Preventive measures: 

a. Selection of area: Selection of clean area is a preventive measure. Greenhouses can be 

fumigated to help eliminate pest problems from previous crops. Weed control eliminates alternate 

host plants for pests. 

b. Selection of pest free planting material: Use resistant or tolerant varieties will eliminate the 

pest and reduce the need of pesticides. 

c. Monitoring: Yellow sticky traps and blue sticky traps are used for monitoring of whiteflies, 

thrips and aphids. 

2. Curative measures: 

a. Cultural method: Judicious use of fertilizer application, weed management and irrigation 

management can make the plant less attractive to pests. 
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b. Mechanical method: Exclusion methods are very helpful. Screening with net in the entrance, 

high pressure water sprays to dislodge spider mites and other sucking pests. Trapping with the help 

of yellow sticky trap and light trap will attract soft bodied insects which are major pests in 

greenhouse condition. Blue sticky cards will effectively control thrips. Installation of pheromone 

trap for cutworm management. 

3. Biocontrol: 

a. Parasitoids of Encarsia Formosa, Eretmocerus sp are used to control whiteflies. 

b. General predators include lacewings, Scymnus, Chilocorus, Harmonia, cryptolaemus 

montrouzieri control aphid population successfully.  

c. Encourage predatory mites, Metaseiulus occidentalis, Phytoseiulus species, lady bird beetle, 

Stethorus picipes which will feed phytopathogenic mite. 

d. For budworm Release Trichogramma @ 15 cc/ha followed by Chrysoperla grubs @ 50,000/ha and 

Spray NPV of H. armigera @ 250 LE/ha.Spraying of Beauveria bassiana effectively control all 

sucking pest. 

4. Chemical control: 

a. Spot treatment with insecticidal oil or soap, neem-based products (azadirachtin) will reduce 

population of sucking pest. 

b. Acetamiprid 20P @ 80 g ai./ha or neem oil @ 3 ml/l of water for sucking pest. 

c. For bud worm, spray thiacloprid @ 2ml/l or novaluran 10 EC 1 ml/l or thiodicarb 70 WP @ 2 g/l. 

d. For mite control, spray any one of the following insecticides 

i. Spiromesifen (Oberon) 0.8ml / l 

ii. Exodus (Natural lactones) 0.5 ml/l  

iii. Abamectin 1.9 EC 0.5 ml/l 

iv. Bifenthrin 10 EC 50 g ai/ha,  

v. Propargite 57% EC 570 g ai/ha (1g/l) 

vi. Fenazaquin 10 EC 570 ml/ha (1ml/l). 
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Bordo Paste used as a fungicide. It was invented in the Bordeaux region of France in the late 19th century 

it has been promoted as an 'organic' pesticide. It is also known as “Bordeaux Mixture”.  

Bordo Paste is a combination of copper sulfate, lime, and water. It is an effective fungicide which is used 

for decades to control diseases of fruit trees and ornamental plants. It is an outstanding fungicide and 

bactericide for control of plant pathogenic fungi. Paste is used to paint the stems of fruit crops to protect 

from fungus attack.  

Preparation method of Bordo Paste is Very easy and can prepared by farmers themselves and it’s very 

cheap in preparation.  it is in the form of a paste as the quantity of water used is too little.  

It is Applicable to tomato, potato, chili, other vegetables and fruit crops like orange, lime, lemon, guava, 

Mango etc.  and it's also applicable to plant diseases such as foot rot, stem rot, leaf spot, leaf blight, 

anthracnose, canker, damping off, black spot, downy mildew, late and early blight etc. 

 

Materials Required in Preparation of Bordo Paste 
1. Lime  

2. Copper Sulphate 

3. Water. 

Preparation Method of Bordo Paste: Bordeaux mixture is generally accepted even in organic 

cultivation. Other organic fungicides include neem oil, horticultural oil, and bicarbonates. Synthetic organic 

compounds are more commonly used because they give protection and control over many types of fungi and 

are specialized in application. 
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Bordeaux mixture can be prepared using differing proportions of the component. Mix one part of copper 

sulphate 1kg in 4½ liter of water and one part of unslaked lime 1kg in 4½ litter of water in different vessel. 

Then add this mixture equally in third vessel according to the area or need. 

Check the neutrality of Bordo Paste: Check the neutrality of mixture by dipping the well washed iron 

road in the mixture for few minutes If reddish deposit appears on the rod it means it’s acidic in nature and 

it should add some more lime solution into the mixture for make the mixture neutral. This ready-to-use 

paste of sky blue colour is suitable for application to the cut ends with a brush. 

How to Use? 
Paint the mixture on the plant with the help of brush. Paint the plant stem from about 3 feet from the 

bottom of plant, it’s also depended on the stem and height of plant.  In large scale, for example on banana 

plantations where Bordeaux mixture is used as spray to control Sigatoka disease caused by the fungus 

Cercosporamusae. 

 

Precautions 
1. Do not use metallic stick to dissolve the solution.  

2. Don’t put your hands in the mixture.  

3. Do not use metallic containers for preparing copper sulphate solution and lime suspension. Use a wooden 

stick for stirring to get a homogenous mixture.  

4. This paste may be stored in a glass jar or other suitable non-metallic vessel for future use. 

Advantages 
1. It is less toxic to human as compared to other commercial fungicides.  

2. It is generally accepted even in organic cultivation no any harm to the soil.  

3. Cheap in cost.  

4. Farmer can prepare it to itself. 
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Summary 
Livestock farming especially poultry rearing provides ample opportunities to the unemployed rural youth 

to set up their own income generating units. Poultry sector has seen grown exponentially, owing to the ever 

growing and un-satiating demand for affordable animal origin protein. The growing demand for poultry 

meat and products has thrown open new vistas to be explored to create employment opportunities on one 

hand and food and nutritional security on the other. 

Introduction 
Skill training programme for rural youth entitled “Enhancing Livelihood Opportunities through Poultry 

Farming”. 28 Unemployed youth, received training regarding the subject matter, over a course of six days. 

Listed below are three youth, who after completion of the programme started their own poultry rearing 

units to earn a living.  

1. Mr. Abas Kariem Bhat aged 38 has one and half acres of land and is concerned with agronomic 

(paddy/mustard/oats) and horticulture crops to earn a livelihood. The agronomic crops especially rice being 

labour and water intensive provides him with little means to satiate his family needs. The limited apple 

plantation (1 kannal) he has often bears the brunt of calamities and diseases leaving little or no income in 

his hands. 

2. Mr. Javaid Ahmed Raja aged 37 has 4 acres of ancestral land, which is under almond plantation. The 

dwindling almond production due to diseases, changing climatic conditions, porcupine damage and low 

fruit set and above all an all-time low sale price of the produce, made him to look for alternatives to bring 

sustainability to his income through farm diversification. 

3. Mr. Shakeel Ahmed Dar aged 40 owns half an acre of land on which he mainly grows rice. After 

graduating from college, he realised that the prospects of getting a govt job were very bleak. A hand to 

mouth situation in motivated him to get equipped with some skill so that he could start his income 

generating unit.  

Taking account of their keen interest, for enhancement and diversification of farm income and to offset the 

negative impact of diseases and natural calamities, all the three youth were advised to enrol for the STRY 

on enhancing livelihood opportunities through poultry farming. 

A total of 28 unemployed youth was enrolled for the said programme. The programme conducted from 15th 

to 20th Feb 2021 by KVK Pulwama in association with SAMETI (SKUAST Kashmir) and sponsored by 

MANAGE Hyderabad, enabled the trainees to acquire skills regarding care, brooding, nutrition, health and 

housing management of birds and at the same time looking for ways and means to market the produce for 

better returns. 

Due attention was paid to arrange on farm visits for participants to various poultry farms at Khandaypora, 

so as to enable the participants of the STRY programme receive hands on training and firsthand experience 

with regard to poultry farming. Resource personnel from Department of Animal Husbandry, 

Entrepreneurship development institute (JKEDI) and lead bank were invited to apprise the participants 

of various state and central govt schemes aimed at promotion of poultry farming. 

The training programme enabled Mr. Abas and to diversify means of production and earn a handsome 

living. This not only helped him to save earnings but also living to the expectations of his family. 
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Income from the Unit 
Mr. Abas is able to earn a net income of 20000 INR per hatch of 1000 chicks, that translates to some were 

around 15000 per month (9 hatches per year). 

Mr. Javaid Ahmed Raja is able to earn a net profit of around 45000 INR per hatch of 2000 chicks that 

translates to around 34000 INR per month. 

Mr Shakeel Ahmed Dar who rears around 4000 chicks is able to earn a net profit of around 65000 INR per 

hatch that translates to around 49000 INR per month. 

Modification Introduced by Successful Youth 
1. The training module enabled them to raise and manage birds in a better way with mortality rates well 

below the justifiable level of 5%. 

2. Mr. Abas was well adept at using alternatives to antibiotis such as organic acids, probiotics and prebiotics 

to promote bird health and welfare and at the same time minimising effort and cost needed to control 

bacterial infections. He has also purchased a custom made van mini truck for delivering dressed and live 

chicken directly to customers, which has enabled him to exclude the exploitative tactics used by the middle 

men. 

3. Explored the online means to market produce at right time for better returns. 

Impact on Farmers/ Youth 
1. Looking at their success, one more trainee has startes construction of rearing facility for birds. 

2. With growing returns from broiler farming and keeping in view demand for brown free-range eggs, Mr. 

Abas has integrated back yard layer birds (Vanraja and key stone golden) with his one kanal apple orchard 

to produce more from the limited piece of land. 

3. The profitable broiler farming by these three has kindled a ray of hope among those poultry producers 

who find it difficult to manage their rearing units on economically viable lines, which has motivated a group 

of youth to explore the ways and means of delivering dressed birds to the door steps of the customers, so as 

to avoid exploitation at the hands of middle men. 

Coverage of the Programme 
The programme covered the following topics: Introduction to poultry farming Scope and opportunities of 

poultry farming in Kashmir valley. Site selection of poultry shed. Different types of poultry housing system. 

Equipment/tools used in poultry shed. Housing requirements and management. Maintenance of standard 

environmental conditions in poultry shed. Brooding and care of chicks from day old to first two weeks. 

Routine manage-mental practices in poultry rearing. Nutritional and health management of birds. Bio-

security measures for containment of the diseases. Managing the waste in a poultry shed. Poultry disease 

diagnosis through post-mortem examination. Visit to progressive poultry farms for a firsthand experience. 

Sponsored schemes for development of poultry sector and role of Animal Husbandry department and 

JKEDI in promoting poultry farming. 

 
Participants of the Training Programme 
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Poultry rearing unit of Mr Abas Kariem 

 
Poultry rearing unit Mr Shakeel Ahmed Dar 

 
Poultry rearing unit Mr Javaid Ahmed Raja 

 
Free ranging rearing unit of Mr Abas Kariem 
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Regulation of Flowering and Fruiting in Tomato 
Flowers: Normally the flower clusters are not pruned until 3 to 4 well-formed fruits appear on that cluster. 

But aberrant blooms must be taken out as soon as noticed. 

Terminal points: 

a. Remove the terminal growing point above the top flower cluster (last cluster to pollinate) 

approximately 45 days before the targeted date of terminating the tomato crop to stop plants from 

continuing to grow. Leave 2-3 leaves above the top cluster to shade and feed the top fruits. During 

hot summer months, leaving as many leaves on the plant can provide good shade for the growing 

fruit and cool the greenhouse. 

b. Each plant is predicted to transpire approximately 1-1.5 litre of water per day and a house full of 

plants can reduce the temperature of the green house by at least 10° F. 

Pollination: 

a. The female organs of the tomato blossoms are closed inside the male organs. When an anther 

matures, it opens to the interior and releases pollen. At maturity anthers will have a bright yellow 

colour and the flower will be receptive to pollination for about 48 hours. Pollen released without 

vibrating the flower will not be sufficient to produce high yield of good quality fruit.  

b. Natural breeze pollinates field tomatoes. Because there is no natural breeze in the greenhouse, 

tomato growers must pollinate their crop using a variety of methods, including a battery-powered 

vibrator, an air blower and bumble bees. 

c. Growers should also make every effort to transport as much pollen as possible to the stigma. The 

number of pollens delivered to the female flower is positively correlated with the size and weight of 

the tomato fruit. 

Battery operated vibrators: 

a. Vibrate the flowers by touching the stem of the flower cluster for few seconds.  The strong 

vibration created by this tool will release more than enough pollen to fertilize the majority of the 

eggs in the ovary. Pollinate the flowers every other day on sunny days when humidity in the 

greenhouse is between 60 and 80 %. 

b. Touch the cluster stem and do not touch the flower itself, since this will cause a hole in the 

developing fruit. It takes around 30 minutes three times a week to pollinate 700 plants in a 30x 96 

feet greenhouse. This method of pollination is suitable for small-scale operations. Best method to 

pollinate and produce maximum size fruit. 

Drawback: Includes the fact that a grower has to be in the greenhouse at a certain time three times 

a week, it is a boring job and the possibility of producing fruit with holes if touch the flower.  

Air blowers: 

a. Greenhouse tomatoes can be pollinated by utilising a normal-speed leaf blower with the air flow 

directed toward the flower clusters. Use this gadget three times per week. 

b. When compared to the electric vibrator, it takes half the time to pollinate the same number of 

plants. However, the number of seeds per fruit was lower and the fruit size and weight were smaller 

than when the vibrator was used for pollination. In general, anticipate 5 % reduction in yield if use 

this device. 
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Bumblebees: 

a. While utilising bees to pollinate one or two greenhouses saves time, it does not save money. 

Bumblebees are excellent pollinators for greenhouse tomatoes. Each bee will visit the bloom and 

vibrate it for a few seconds to collect pollen for feeding. 

b. As a by product of this process, the stigma of the flower is showered with a large number of pollen 

leading to good pollination and fertilization of almost all the eggs in the ovary. Larger size and a 

heavier fruit are expected from bee pollination. Bees are active from sunrise to sunset, they do not 

take a long break or a day off. 

c. It is estimated that each bee can pollinate up to 350 flowers. Using a hive (even the smallest mini 

hivi) can lead to over pollination and injuring many flowers in a small greenhouse. 

 
Pollinating tomato crop by using bees, air blower and vibrators respectively 

Chemicals which Used for Fruit Development 
The growth regulators can be used to increase fruit set at high and low temperature to reduce the leaf curl 

incidence. 

Regulation of Flowering and Fruiting in Capsicum 
Flowering: 

a. A young capsicum plant starts flowering about 2- 6 weeks after planting, when it has 7- 13 leaves. 

During flowering, the ideal temperature should be 20- 21° C on average, both day and night. Low 

night temperatures reduce pollen viability in capsicum flowers, alter floral structure and reduce the 

effectiveness of self-pollination. 

b. Flowers developed at a night temperature below 18° C usually produce a fruit with a tail. A lower 

temperature during flowering result in less four loculed fruit and more 3 loculed fruit or even 2 

loculed fruit, which is undesired. 

c. A flower grown under extremely low temperature (below 10° C at night) would yield a small 

flattened fruit. Too high temperature (>28° C) promotes blossom end rot.  

Pollination: Use pollinators such as bumble bees or honey bees inside the greenhouse to ensure a high 

quality fruit set. Bees ensure that fewer fruits are malformed and that fruit set and harvest are better and 

earlier. 

Chemicals Common name Dose (mg/l) effective 

2-chloroethylphosponic acid Ethephon  200-500 whole plant 

spray  

Flowering induction, 

better rooting and 

setting of plants  

2,4 Dichlorophenoxy acetic 

acid  

2,4-D  2-5 as seed treatment 

or whole plant spray  

Increase fruit set, 

earliness and 

parthenocarpy  

3- indole butyric acid  IBA  50- 100  Increase fruit set  

3- indole butyric acid  IAA  Foliage spray  For good fruit size and 

yield  
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Fruit set: 

a. High light and low day temperature are beneficial for setting and first growth of the new fruit. 

The total period from blossom to full colour ripe fruit is 7- 12 weeks.  

b. When fruit set is difficult  

i. Drop the night temperature to 18 ° C and the day temperature can stay at 20-22 ° C. 

ii. Increase the CO2 concentration (to 700-1000 ppm) 

c. Lowering the temperature is not recommended for setting the second flush of capsicum fruit since 

it will slow the ripening of the first flush. Generally, the later fruits will set by themselves after 

harvest of older fruits. 

Controlling fruit load: 

a. Young plants may support between 4 and 8 fruits at a time. An elder crop can have up to ten 

fruits per plant at a time. In order to attain an appropriate fruit weight and quality, the farmer 

must regulate the fruit load. For example, minimum 150 gram per fruit. 

b. The greatest way to reduce the number of fruits is to remove surplus. 

Regulation of Flowering and Fruiting in Cucumber 
1. A fruit may form at each node and multiple fruits may form at some nodes. Generally, it is recommended 

to thin these many fruit clusters to a single fruit. However, robust plants may have more than one cucumber 

at a node and any malformed fruit appear it should be removed as soon as possible. 

2. The greatest growth of the fruit occurs between day 6 and 14 after the bloom opens. Maximum fruit 

length occurs on day 14, followed by a rise in diameter. Prior to day 10 after the bloom, the fruit has a 

tapering shape at the stem end, however, by day 14, the fruit has become evenly cylindrical. Commercially 

acceptable fruit size is normally obtained by the 11th day after planting during the spring season. 

Conclusion 
For the setting of fruits inside greenhouse or protected cultivation various techniques are used. According 

to the preceding discussion, blowers and PGRs are commonly used in tomato at high humidity conditions 

for fruit setting. Generally, in cucumber used the gynodioecious/ parthenocarpic hybrids. But sometimes 

by hand emasculation pollination of flowers was done, its less chance to set a uniform fruits and time 

consuming. 
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Abstract 
Numerous insect pests affect the bean, Phaseolus vulgaris, and the cowpea, Vigna unguiculata (Walp). The 

pests include economically significant borers, whose treatment frequently necessitates the application of 

multiple strategies. Maruca vitrata Fab. (syn. At. testulalis [Geyer]) is the main cowpea borer species found 

in Africa, whereas Ophiomyia spp., a complex of beanflies or bean stem maggots, is a significant bean pest 

in Southeast Asia and eastern Africa. Additionally significant in Asia is the bean borer, Etiella zinckenella 

(Treitschke). The two most significant bean borers in South America are Epinotia aporema (Wals) and 

Cydia fabivora (Meyrick), whereas Helicoverpa armigera (Hiibner) and M. vitrata—to a lesser extent—are 

significant bean borers in some regions of Africa. Currently, only chemical treatment can completely defend 

against crop borers, but using insecticides is not a sustainable solution, despite their generally favorable 

cost-to-benefit ratio. Long-term dependability is higher with other strategies such cultural control, host 

plant resistance, and the use of beneficial organisms. They are the foundation of the new idea of bio-

intensive pest control, which reduces the usage of synthetic pesticides and is more ecologically friendly. 

Research efforts focused on these indicators have increased recently. In order to maximize the control of 

borers, this study analyzes numerous interventions and proposes multiple IPM models. On the prospects 

for IPM on cowpea and beans in the future, recommendations are presented. 

Keywords: Insect, Management, Beans, IPM. 

Introduction 
The seeds of one of the several genera in the fabaceae plant family, which includes beans, is used to make 

vegetables for human and animal use in bean 9.6g protein present 10.5g carbohydrates present and fat 

0.5g. 

Cowpea and beans, two essential sources of plant protein in the tropics, are produced under significant 

pressure from insect pests. Despite years of persistent research to alter the situation, production of these 

two crops remain poor. This is due to the fact that the serious insect pest attacks that are mostly to blame 

for this predicament have yet to be met with simple and long-term solutions. Of these two crops, boring 

and tunneling insects are the most harmful pests. Food crop borers are an annoyance everywhere, and 

since they hide deep into plant tissues, controlling them is particularly difficult. This essay examines the 

creation of sustainable management plans for this particular class of pests. Food crop borers are an 

annoyance everywhere, and since they hide deep into plant tissues, controlling them is particularly 

difficult. This essay examines the creation of sustainable management plans for this particular class of 

pests 

IPM strategy in bean: 

pre-sowing- Common cultural practices: 

• • Sowing should be done on schedule. 

• • Field hygiene. 

• • Eliminate the substitute host plants. 

•  For the control of aphids and whiteflies, plant tall border crops like pearl millet and sorghum. • 

• Take in adoption ecological engineering by cultivating the suggested attractant, repellent, and trap 

crops around the field bunds.  

• Nutrients 

      • Have a soil sample analyzed, then use the results to apply fertilizers. Using a harrow or          plough, 

the soil is prepared for cultivation by 2-3 plowings. 
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• Add 4 to 5 tonnes of farmyard manure to the soil per acre 2-3 weeks before planting.          Weeds 

• • Solarizing the soil in the summertime helps to control weed growth.. 

Sowing 

Common cultural practices: 

        • Line sowing should be completed on time. 

        • Use healthy, weed-free, and certified seeds.. 

• Sows spaced properly 

Nutrients 

• Fertilizer applications should be based on soil tests. 

Weeds 

 

Use only weed-free, certified seeds. 

• Sowing should be done on schedule. 

• Line sowing should be carried out to make cross-cultural activities easier. 

• Plant population should be kept as high as possible from the start to reduce crop weed competition. 

Vegetative stage-Common cultural practices: 

• Plant sections with disease or insect infestations should be collected and   destroyed. 

• Critical crop stages should be irrigated. 

• Steer clear of water stagnation and tension. 

Common mechanical procedures include the gathering and disposal of eggs, young larvae, and adult white 

grub beetles. 

• To catch whiteflies and aphids, use yellow sticky traps. 

• Use a light trap at 1/acre and run it from 6 to 10 p.m. 

Common biological practices: 

• Increase natural enemy release; 

 preserve natural enemies through ecological engineering 

Nutrients 

 

· Treat any standing crop nutritional deficiencies that may exist. 

• Thiourea seed treatment at 500 ppm in light soils. 

• Twice-daily foliar applications of a 500 ppm solution of thiourea on standing crops 

Weeds 

 

• Keep weeds out of the field's bunds and boundaries. 

• For the first 3–4 weeks, the agricultural field should be clear of weeds. 

• To get rid of any weeds between the rows, inter-culture operation or hoeing should be done twice, at 20 

and 35 days after seeding. 

• To prevent weed development, apply mulches between the rows, such as straw, hay, plastic, etc. 

Aphids 

 

Follow common cultural, mechanical and biological practices. 

 

Cultural control: 

 

• Use the right amount of nitrogen fertilizers. 

• Consistent field surveillance in the early morning to keep an eye on insect populations and defense crops 

like sorghum and pearl millet around the area. 

Biological control: 

 

• Predators like ladybird beetles (Cocciniella septumpunctata, Menochilus sexmaculata, and 

Brumoides suturalis) should be protected.. 

Root grub 

 

• Follow common cultural, mechanical and biological practices 
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Biological control: 

 

• Apply insect-killing nematodes 

Whitefly 

 

Follow common cultural, mechanical and biological practices 

Biological control: 

 

Spray 5% neem seed kernel extract (NSKE). 

• Use 1% neem oil as a mist. 

Spotted pod borer 

 

Follow common cultural, mechanical and biological practices. 

Cultural control: 

 

• Intercropping has been proven to be successful. 

• Gather and eliminate the larvae. 

• Maintain the field's weed-free condition for the first 25 to 40 days using intercultural techniques and 

hand weeding. 

Pod bugs 

 

Follow common cultural, mechanical and biological practices 

Biological control: 

 

• Many people utilize aggregation pheromone traps as a monitoring tool and a partial control method. 

Fusarium wilt 

 

Follow common cultural, mechanical and biological practices 

Mung bean Yellow mosaic virus 

          Follow common mechanical and biological practices 

Cultural practices: 

 

Control the whitefly by carefully removing and destroying all affected plants. 

Bacterial leaf spot/blight 

 

Follow common mechanical and biological practices 

Cultural control: 

 

• • Use only certified, disease-free seeds. 

Charcoal rot or ashy stem blight 

 

Follow common mechanical and biological practices 

Cultural control: 

 

• Every contaminated plant needs to be carefully removed and killed. 

• Adhere to the intercropping cropping strategy (sesame: mothbean) (1:1 ratio). 

> Every two weeks, irrigate the land to prevent stress conditions.Reproductive stage 

Nutrients 

• After harvest, incorporate crop leftovers into the soil. 

Weeds 

 

• • Remove any remaining weeds to stop the spread of weed seeds in the field. 

Pod bugs 
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Follow common cultural, mechanical and biological practices 

Biological control: 

• • Many people utilize aggregation pheromone traps as a monitoring tool and a partial control 

method. 

• Pod borer with spots Gather and eliminate plant components with disease and pest infestations. 

• Provide irrigation throughout crucial crop stages. 

• Steer clear of water stagnation and tension. 

Common mechanical procedures include the gathering and disposal of eggs, young larvae, and adult white 

grub beetles. 

• To catch whiteflies and aphids, use yellow sticky traps. 

• Use a light trap at 1/acre and run it from 6 to 10 p.m. 
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Abstract 
Pomegranate (Punica granatum L.) is one of the important fruit crops in India and is being cultivated in 

Gujarat, Maharashtra, Karnataka, Uttar Pradesh, Andhra Pradesh and Tamil Nadu. Thorough scanning 

of literature revealed a total of 91 insects, 6 mites and 1 snail pest feeding on pomegranate crop   in   India.   

The   most   obnoxious   enemy   is   pomegranate butterfly, Deudorix (=Virachola) isocrates Fab. Which 

may destroy more than 50% of fruits. In   next   in   the    order    are    the    three    species    of    fruit    

sucking    moths (Eudocima (=Othreis) fullonia (Clerk); Eudocima (=Othreis) materna (Linn.); Eudocima 

(=O threis) homaena Hub.) and two   species   of   bark   eating   caterpillars (Indarbela tetraonis (Moore); 

Indarbela quadrinotata (Walker)). In the recent past two species of pomegranate shot hole borers 

(Xyleborus fornicatus E.; X. perforans Wollastan) have become major pests infesting in the collar region of 

the plant by making innumerable pin or shot holes causing discontinuity in the conducting vessels affecting 

conduction of water to the upper portion of the plant. Consequently, the drying of the twigs became 

imminent. The drying progressed from the tip towards the base and in severe cases the entire plant dried 

up. Overuse and improper use of insecticides has led to many serious problems like whiteflies (Pomegranate 

whitefly, Siphoninus phillyreae (Haliday); Spiralling whitefly, Aleurodicus dispersus Russell) mealy    bug 

(Pseudococcus    lilacinus (Cockerell))    Thrips     (Rhipiphorothrips cruentatus Hood; Scirtothrips dorsalis 

Hood; Anaphothrips oligochaetus Karny), aphid (Aphis punicae (Passerini)) and mites, Aceria granati Can. 

& Massal; Oligonychus punicae (Hirst.)). These sucking pests occur during the flowering and fruiting stage 

of the crop and thereby reduce the vigour of the plant in addition to excretion of honeydew on the leaves 

and develop-ment of sooty mould on leaves and fruits. Besides, termites, Odontotermes obesus (Rambur) 

and root grubs (Anomala dimidiata (Hope); Holotrichia spp.) attack roots, defoliators feed on foliage and 

few bugs, borers, moths and fruit flies damage the fruits. 

Keywords: IPM, Pomegranate, resurgence, management, post-harvest losses etc. 

Introduction 
The Pomegranate (punica granatum) is a fruit bearing deciduous shrubs in the family lythraceae that 

grows between 5 to 10 metres tall. 

The world total cultivated area of pomegranate tree is more than 3,00,000 hac. The leading producers 

globally are India and China following by Iran, turkey, Afghanistan, the US, Iraq, Pakistan etc. 

In India: Major pomegranate producing states are Maharashtra, Karnataka, Gujrat, Andhra Pradesh and 

Rajasthan etc. 

Serial number States Production 2021-22 (tonnes) 

1. Maharashtra 1763.99 

2. Gujrat 684.32 

3. Karnataka 305.72 

In Rajasthan: - in Rajasthan pomegranate is grown in Jaipur, Ajmer, Alwar, tonk, sriganganagar, 

swaimadhopur, Pali, Kota, Jalore, Banswara, Bhilwara, Jhunjhunu, sirohi etc. districts over 12,000 hac. 

Area. 

IPM: IPM is holistic approach of crop production based on the integration of multiple strategies viz.- 

cultural, physical, mechanicals, biological, botanicals and chemicals. 

Over the years IPM underwent several changes, shifting its focus from damage boundary, economic injury 

level to economic threshold level. 
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This approach is likely to cause adverse effects on agroecosystem and increase the cost of agriculture 

production due to problems of pest resurgence, insecticide resistance and sustainability. 

Insect Pest of National Significance 
Serial number Common name Scientific name Family order 

1. Anar butterfly Deudorix Isocrates Lycaenidae Lepidoptera 

2. Stem borer Coelosterna 

spinator 
Crembycidae Coleoptera 

3. whitefly Siphoninus 

phillyreae 
Aleuerodidae Hemiptera 

4. Shot hole borer Xylosandrus 

compactus 

Scotylidae Coleoptera 

5. Fruit borer Conoganathus 

punctiferalis 
Pyralidae Lepidoptera 

Insect Pest of Regional Significance 
Serial number Common name Scientific name Family order 

1. Pomegranate 

aphid 

Aphis punicae Aphidae Hemiptera 

2. Tailed Mealy 

bug 

Ferisia vigrata Coccidae Hemiptera 

3. Fruit borer Spodoptera 

litura 
Noctuidae Lepidoptera 

4. Fruit sucking 

moth 

Eudocima 

maternal 
Noctuidae Lepidoptera 

IPM Strategies for Pomegranate 
Insect pest Integrated pest management 

Shot hole borer 

Damaging stage: grub and adult 

➢ Cultural control: Avoid water logging and 

rake the soil. 

➢ Mechanical control: Infested young plants 

should be uprooted and burst. 

Stem boring beetle 

Damaging stage: grub and adult 

➢ Cultural control: Detect early infestation 

periodically looking out for drying 

branches. 

Pomegranate butterfly 

Damaging stage : larvae( caterpillar) 
I. Cultural control: Clean cultivation and 

maintenance of health and vigour of the 

tree should be followed. The fruit will be 

covered with polythene to escape the 

infestation of fruit borer. Removal and 

destruction of all the effected fruits. 

II. Mechanical control: Remove of alternate 

host like some weeds specially belong to 

the family of compositae. Detect early 

infestation by observe the plants with 

outlooking characteristics. 

III. Biological control: Release of Tricogramma 

chilonis @1.0 lakhs/acre with four times at 

the interval of 10 days. 

Fruit sucking moth 

Damaging stage: larvae (caterpillar) 

I. Cultural control: Remove eggs 

from calyx. Collect and destroy 

damaged fruits. Follow clean 

cultivation as weed plants serve as 
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alternate host. 

II. Mechanical control: Prune the affected 

plant parts and destroyed. Detect early 

infestation by observe the plants with 

outlooking characteristics. Use light traps 

@1/acre to monitor the activity of adult 

moths. 

III. Biological control: Release of 

tricogramma chilonis @1.0 lakhs/acre 

with four times at the interval of 10 

days. 

Shot hole borer 

Damaging stage : grub and adults 

Mechanical control: 

I.   Detect   early   infestation   by observe the 

plants with outlooking characteristics. 

Prune the affected fruit and buds of the plant 

and destroy. 

Detect early infestation by periodically looking 

for drying branches. 

Thrips 

Damaging stage nymphs and adults 

Cultural control: 

Keep basin clean. 

Maintain adequate aeration by

 proper training and pruning. 

Mechanical control: 

Prune the affected parts of the plant and 

destroy. 

Detect early infection by

 periodical monitoring for drying 

branches. 

Use of blue sticky traps @ 4-10 traps. 

Biological control: Conservation and release of 

predator like syrphids and coccinellids 

should be done to suppers sucking pests. 

Whitefly 

Damaging stage : nymph and adults 

Cultural control: 

Field sanitation Removal of host plant 

Maintain adequate aeration by proper training 

and pruning 

Install yellow sticky traps @ 4-10traps/acre 

Biological control: 

Conservation and release of predator like 

syrphids and coccinellids should be done to 

suppers sucking pests. 

Fruit borer (Conoganathus punctiferalis) 

Damaging stage : larvae( caterpillar) 

Feed on internal contents (pulp and seeds). 

Dried up and fall off without ripening. 

Use light traps @1/acres. 

Collect and destroy damaged fruits. Clean 

cultivation as weed plants serve as 

alternate host. 
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Insecticide malathion 50 E.C. 0.1%. 

Diamethoate 30 E.C. 0.006 % 

Use tricogramma sp. As a egg parasitoid. 

Pre planting Common cultural practices: 

• Timely planting should be done. 

• Field sanitation, rogueing 

• Destroy the alternate host plants 

• Apply manures and fertilizers as per 

soil test recommendations 

• Sow the ecological engineering plants 

 • Sow the intercrops as per the 

season. 

• Sow/plant sorghum/maize/pearl millet 

in 4 rows all around the crops as a 

guard/barrier crop. 

 

 

 

 

 

 

Nutrients 

• Pits are dug 60-75 cm3 before the onset 

of monsoon. The pits are filled with 20-

25 kg of FYM or Compost, 1 kg of super 

phosphate. The plants are planted 

usually in square or hexagonal system. 

• The distance of planting in case of many 

improved varieties is 5.0 X 4.0 m. 

• For higher yields during the first 4-5 

years after planting, a distance of 5 X 2 

m may be adopted and alternate plants 

may be removed afterwards maintaining 

a planting distance of 5 X 4 m. 

Weeds • Weeds should be removed from the field 

to avoid further spread of weed seeds 

Soil-borne pathogens, and resting stages of insects Cultural control: 

• Deep summer ploughing of fields to 

exposes dormant stages (pupa and 

larva) and subsequently reduces their 

initial population build up 

• Soil solarization: Cover the beds with 

polythene sheet of 45 gauge (0.45 mm) 

thickness for three weeks before 

planting for soil solarization which will 

help in reducing the soil-borne pests 

including weeds. 

• Ploughing in inter- space. 

 

Planting 

Common cultural practices: 

• Use resistant/tolerant planting 

material/seedlings 
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• Use healthy, certified and weed free 

planting material. 

• Follow proper plant spacing. 

Nutrients • One year old plants should be 

applied about 10 kg of FYM and 150 

to 200 grams of Ammonium 

sulphate. This amount is increased 

every year, so that a five year old 

plant gets 50 kg FYM and 1 Kg of 

Ammonium sulphate. The adult 

bearing trees are applied with 675g 

of Nitrogen, 250g each of 

Phosphorous and Potash. 

Weeds • Remove weeds before planting. 

Vegetative stages Common cultural practices: Collect and destroy 

crop debris. 

Provide irrigation at the critical stages of the 

crop. 

Avoid water logging. 

Avoid water stress during flowering stage. 

Follow judicious use of fertilizers. Enhance 

parasitic activity by avoiding chemical 

pesticide spray, when 1-2 larval 

parasitoids are observed in the crops field. 

Common mechanical practices: Collect and 

destroy disease infected and insect 

infested plant parts. 

Collect and destroy eggs and early stage 

larvae. 

Handpick the older larvae during early stages. 

Use yellow sticky traps @ 4-5 trap/acre. 

Use light trap @ 1/acre and operate 

 between 6 pm and 10 pm. 

Install pheromone traps @ 4-5/acre for 

monitoring adult moths activity (replace 

the lures with fresh lures after every 2-3 

weeks). 

Erecting of bird perches @ 20/acre for 

encouraging predatory birds such as King 

crow, common mynah etc. 

Set up bonfire during evening hours at 7- 8 pm. 
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Common biological practices: Conserve natural 

enemies through ecological engineering. 

Augmentative release of natural enemies. 

 

 

 

 

 

 

 

 

Nutrients 

Irrigation interval may vary from 1-3 days 

depending upon weather condition, age of 

plant, crop stage, soil type etc. 

Provide less irrigation during new leaf 

emergence and flower development stages 

as excess water during these Stages may 

lead poor flowering. 

Apply NPK@ 170-40-40g/tree and FYM@ 

10kg/tree if the crop age is 3years, NPK@ 

170-40-85g/tree and FYM @ 15kg/tree crop 

age is 4 years, NPK @ 210-85-85 g/tree and 

FYM @ 20kg/tree crop age is above 5years. 

Along with recommended dosage of NPK and 

FYM apply Neem cake 0.5kg + 

vermicompost 1.5kg + calcium ammonium 

nitrate 50g/tree in circular trench (15-20 

cm wide of 8-10cm depth) at 45-60cm apart 

from the stem, cover the trenches properly 

with soil and start 

irrigation. 

Weeds Remove weeds before flowering. 

Flowering and Fruiting Common cultural practices  : 

Same as in vegetative stage. 

Nutrients Collect & burn fallen leaves /debris from the 

orchard. 

Harrowing in interspaces. 

Apply full dose of well rotten FYM and P, 1/3rd 

N&K fertilizers @ 330-85- 

 85g/tree and FYM @ 20kg/tree for 3year old 

plant, NPK@ 330-85-165 g/tree and FYM @ 

25 kg/tree crop age is 4yrars, NPK @415-

165-165 g/tree and FYM @ 30 kg/tree crop 

age is above 5 years along with 

micronutrients (ZnSO4, FeSO4, MnSO4 

each 25g and10g Borax (Boron) 

/tree)+ Neem Cake 1- 1.5 kg /tree + 

Vermicompost 2 kg/tree in shallow trench 

or ring (15-20 cm wide of 8-10cm depth) at 

45-60cm apart from the stem, cover the 

trenches properly with soil and give light 

irrigation immediately after fertilizer 

application. 
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There should not be moisture stress at fruit 

setting, fruit maturation and fruit 

ripening. 

weeds Remove weeds and suckers. 

Remove suckers & take up timely weeding. 

Post harvest 

 

Pests and diseases 

Remove and destroy all the affected fruits to 

reduce, the incidence of Anar butterfly. 

Cover the fruit with paper bags when the 

fruits are sized up to 5 cm. 

Pomegranate (Punica granatum L.) is one of the important fruit crops in India and is being cultivated in 

Gujarat, Maharashtra, Karnataka, Uttar Pradesh, Andhra Pradesh and Tamil Nadu. Thorough scanning 

of literature revealed a total of 91 insects, 6 mites and 1 snail pest feeding on pomegranate crop in India. 

The most obnoxious enemy is pomegranate butterfly, Deudorix (=Virachola) isocrates Fab. which may 

destroy more than 50% of fruits. Next in the order are the three species of fruit sucking moths (Eudocima 

(=Othreis) fullonia (Clerk); Eudocima (=Othreis) materna (Linn.); Eudoci ma (=Othreis) homaena Hub.) 

and two species of bark eating caterpillars (Indarbela tetraonis (Moore); Indarbela quadrinotata (Walker)). 

In the recent past two species of pomegranate shot hole borers (Xyleborus fornicatus E.; X. perforans 

Wollastan) have become major pests infesting in the collar region of the plant by making innumerable pin 

or shot holes causing discontinuity in the conducting vessels affecting conduction of water to the upper 

portion of the plant. Consequently, the drying of the twigs became imminent. The drying progressed from 

the tip towards the base and in severe cases the entire plant dried up. Overuse and improper use of 

insecticides has led to many serious problems like whiteflies (Pomegranate whitefly, Siphoninus phillyreae 

(Haliday); Spiralling whitefly, Aleurodicus dispersus Russell) mealy bug (Pseudococcus lilacinus 

(Cockerell)) Thrips (Rhipiphorothrips cruentatus Hood; Scirtothrips dorsalis Hood; Anaphothrips 

oligochaetus Karny), aphid (Aphis punicae (Passerini)) and mites, Aceria granati Can. & Massal; 

Oligonychus punicae (Hirst.)). These sucking pests occur during the flowering and fruiting stage of the crop 

and thereby reduce the vigour of the plant in addition to excretion of honeydew on the leaves and develop-

ment of sooty mould on leaves and fruits. Besides, termites, Odontotermes obesus (Rambur) and root grubs 

(Anomala dimidiata (Hope); Holotrichia spp.) attack roots, defoliators feed on foliage and few bugs, borers, 

moths and fruit flies damage the fruits. 
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Background 
In Kashmir Valley, paddy straw forms the predominant part of fodder available for livestock feeding along 

with a limited amount of oats and concentrates, causing therefore energy, protein, vitamin and mineral 

deficiencies, as the deficiencies of energy and protein are rectified by various means, vitamin and mineral 

deficiencies become more intensified, causing poor production performances in animals and consequently 

losses to livestock rearers. 

Moreover, the mineral profile of soils and therefore feeds and fodders grown on such soils vary with 

topography and therefore is often a region-specific problem, demanding the study of mineral profile of soils 

and fodders regionally and production of region-specific mineral mixtures for rectifying such mineral 

deficiencies in animals. 

Further being a hilly region Kashmir valley is geographically different from rest of the country and mineral 

mixtures produced by elsewhere in the country may not hold good for the valley livestock. Various studies 

including work carried out by the proposer of this startup has found deficiencies of various macro (Ca, P) 

and micro (Zn and Cu) minerals in feeds and fodders in various districts Kashmir valley that necessitates 

supplementation for optimum production and reproductive performances from animals. 

Manufacturing and production of Area Specific Mineral Mixtures (ASMM) to help farmers and 

entrepreneurs get more production and reproduction performances from livestock and create a meaningful 

and enduring mineral mixture production technology for the benefit of livestock rearers in Kashmir Valley 

who by virtue of its topography is geographically different (Hilly temperate) from rest of the country 

(Tropical) was an uphill and an achievable target. An attempt was made in this direction and a specific 

mineral mixture based on the mineral profile of soil, composite fodder and blood of the livestock being 

reared in Ganderbal district was formulated. 

Baseline Study 
A baseline study regarding mineral profile of soil, composite fodder and blood mineral profile was conducted 

in the target area and the data generated was analysed statistically as shown in table 1 to 4 

Table 1: Mineral content of soil in different geographical regions of Ganderbal district (N=125): 

 Minerals (ppm) 

Critical level 

(ppm)/Topography 

Ca 

(100) 

P 

(10) 

Mg 

(9.1) 

Zn 

(0.60) 

Cu 

(0.20) 

Fe 

(2.0) 

Hills(60) 

% deficiency 

Plains(65) 

% deficiency 

Mean conc. 

141.50a±4.56 

13.33 

165.74b±5.79 

9.23 

154.10±3.86 

10.71a±0.69 

60.0 

18.98b±0.82 

9.23 

15.00±0.66 

16.49a±0.69 

6.67 

21.01b±0.71 

0.0 

18.84±0.53 

0.84a±0.03 

15.0 

1.11b±0.07 

6.15 

0.98±0.04 

0.63a±0.03 

0.00 

0.80b±0.04 

0.00 

0.72±0.02 

36.66a±1.29 

0.00 

46.54b±1.37 

0.00 

41.80±1.04 

Overall      

%deficiency 

11.20 33.60 3.20 10.40 0.00 0.00 

Means having different superscripts in a column differ significantly (P≤0.05) 

aCritical level=concentration below which the levels are considered as deficient, that is 100 ppm (Jackson, 

1973) for calcium,10 ppm (Naskar et al., 2003) for phosphorus,9.1 ppm (McDowell et al., 1983) for 

magnesium, 0.60 ppm (Takkar and Randhawa, 1978) and (Arora and Sekhon, 1981) for zinc, 0.20 ppm for 

copper and 2.0 for iron. 
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Table-2: Mineral profile of composite fodder of Ganderbal district (N=125): 

Topographical 

region 

Macro minerals (g %) Macro minerals (ppm) 

Ca P Mg Zn Cu Fe 

Hills 0.42a±0.02 0.18a±0.01 0.23a±0.00 14.68a±0.57 11.50a±0.37 206.65a ±4.50 

Plains 0.90b±0.06 0.29b±0.01 0.25b±0.01 12.49b±0.62 14.47b±0.47 282.77b±6.85 

District 

average 

0.67±0.04 0.23 ±0.01 0.24 ±0.00 13.54 ±0.43 13.04 ±0.33 246.23 ±5.37 

Means having different superscripts in lower case in columns rows differ significantly (P≤0.05). 

CC*= critical blood level as given by Radostitis et al. (2000). 

Table-3: Plasma Mineral profile of cattle in district Ganderbal: 

Means having different superscripts in lower case in columns rows differ significantly (P≤0.05). 

CC*= critical blood level as given by Radostitis et al. (2000). 

Based on the mineral profile of soil, composite fodder and blood, the Area specific mineral mixture was 

formulated. 

Table-4: Area specific mineral mixture for livestock based on mineral profile of soil, composite 

fodder and livestock blood of the operational area: 

Mineral salt percentage 

Dicalcium phosphate  51.0 

Limestone phosphate  32.0 

Magnesium Oxide 10.0 

Zinc sulphate 4.0 

Copper sulphate 1.2 

Iron sulphate 0.75 

Magnesium sulphate 0.82 

Potassium iodide 0.12 

Cobalt sulphate 0.085 

 

Minerals 

(CC*) 

Topo. 

Region 

Physiological status 

Milch cows Pregnant 

cows 

Dry cows Calves Overall 

Mean 

Calcium (%) 

(<9.0) 

Hills 8.25bc±0.10 8.66c± 0.12 7.97b± 0.18 7.36a±0.22 8.15±0.08 

Plains 8.66ab±0.08 9.25c± 0.08 8.35a± 0.13 8.85b±0.25 8.71± 0.07 

Phosphorus (%) 

(<4.0) 

Hills 4.34c ±0.08 4.05c± 0.10 3.74b± 0.10 3.24a±0.12 3.99±0.06 

Plains 4.53ab±0.07 4.77b± 0.10 4.34a± 0.08 4.47a±0.08 4.52± 0.04 

Magnesium (%) 

(<1.5) 

Hills 1.79±0.03 1.78± 0.04 1.69± 0.05 1.76±0.06 1.76±0.02 

Plains 1.88±0.04 1.86± 0.06 1.91± 0.04 1.91±0.06 1.89± 0.02 

Zinc (ppm) 

(<0.60) 

Hills 0.53± 0.01 0.54± 0.01 0.55±0.01 0.55±0.01 0.54±0.00 

Plains 0.57b± 0.01 0.53a± 0.01 0.58b± 0.01 0.57b±0.01 0.56± 0.01 

Copper (ppm) 

(<0.60) 

Hills 0.64b± 0.01 0.64b± 0.01 0.62b± 0.01 0.59a±0.01 0.63±0.00 

Plains 0.65ab±0.00 0.63ab±0.01 0.64b± 0.01 0.61a±0.01 0.64± 0.00 

Iron (ppm) 

(<1.20) 

Hills 2.82b± 0.06 2.85b± 0.07 2.68b± 0.08 2.12a±0.15 2.69±0.05 

Plains 2.68b± 0.05 2.99c± 0.07 2.78bc±0.06 1.96a±0.19 2.66± 0.05 
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Outcome 
The formulated mineral mixture was distributed among farmers belonging to Lar, benhama, Arch, Malpora 

and Nunner for feedback with respect to the milk and reproductive performance. Also, the mineral mixture 

was kept available for sale among farmers at the university seed mela for the 4 consecutive years and 

farmers were questioned for the milk and reproductive performances.  A common questionnaire was 

developed for the purpose using simple language acceptable and easily filled by the team leader of the 

farmers and information with respect increase in milk production, health status, and reproductive 

efficiency was collected. Based on the feedback received, it was roughly concluded that there was increase 

in milk production, reproductive efficiency (conception rate) and income generation of the farmers. This 

can be verified from the fact that the formulated mineral mixture is in great demand and the farmers have 

been repeatedly asking and purchasing the product. the product is popular among farmers and adoption 

rate is increasing day by day. 
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Abstract 
Asia and Africa have understood the health advantages of camel milk for 5000 years. Camel milk has 

proven medicinal for generations. It's the closest to human mother's milk and safe for kids. Camel milk 

offers various health benefits that make it more nutritious than cow milk, according to global research. 

Some countries treat diabetes, allergies, cancer, arthritis, tuberculosis, autism, and hepatitis with camel 

milk. Camel milk may contain immune-boosting proteins due to its medicinal characteristics. Camel milk 

can treat type 1, type 2, and gestational diabetes because it contains 52 units of insulin per liter. Camel 

milk has rich mono- and polyunsaturated fatty acids, low fat, cholesterol, and lactose, according to many 

researchers. It has more minerals (calcium, iron, magnesium, copper, zinc, and potassium) and vitamins 

B2 and C than cow milk, plus it doesn't have beta-lactoglobulin or beta-casein, which are the main allergens 

in cow milk. Camel milk includes protective proteins, including enzymes with antibacterial, antiviral, and 

immunological characteristics. Its powerful immune system-boosting ingredients may enhance health. 

Alternative for cow milk allergy sufferers. Raw camel milk, which is sold in pharmacies in Europe and 

India, is in high demand due to its health benefits. Camel milk is the new superfood. 

Introduction 
The camel is the most important animal in the desert. It is in the family Camelidae. According to the Food 

and Agriculture Organization (2013), there are 25.89 million camels in the world. Of these, 89% are one-

humped dromedary camels (Camelus dromedarius) and 11% are two-humped camels (Camelus bactrianus). 

Two-humped camels are usually found in the cold deserts of Asia, while more than 60% of the dromedary 

camel population is concentrated in the dry areas of North East (Kula, 2016). Camel is an important part 

of daily life for people who live in the deserts of Asia and Africa. It has been used for transportation and, 

just as important, its milk has been used to treat a variety of illnesses since ancient times (Gader et 

al.,2016). In dry places, camels can make more milk for a longer time. The most camels live in the Indian 

states of Rajasthan, Gujarat, and Haryana. During a lactation period of 12 to 18 months, a camel can give 

3 to 10 kg of milk per day (Gizachew et al., 2014). India, which has about 2.5 million camels, is 7th in camel 

milk production. Somalia is first in the world in terms of production.  

Camel milk, also known as "white gold of the desert," is the milk most like human milk. Ruminant milk is 

different from other milk because it has less cholesterol, less sugar, and more minerals. (sodium, potassium, 

iron, copper, zinc, and magnesium), a lot of vitamin C, and protective proteins like lactoferrin, 

lactoperoxidase, immunoglobulins, and lysozyme (Yadav et al., 2015). Camel milk has been It has been 

known for a long time that it could be used to treat a number of diseases, such as dropsy, jaundice, drugs 

for high blood pressure, asthma, and kala-azar. (Asresie et al., 2014 and Yardav et al., 2015). It has been 

said that camel milk has a low amount of k-casein and no β-lactoglobulin, which can cause allergic reactions 

in people who can't handle lactose (Konuspayeva et al., 2009). Still, it has insulin-like and protective 

proteins that are used to treat many illnesses like diabetes, autism, and diarrhea, and it can kill cancer 

cells. Moreover, the immune system of camel milk is very strong (Grader et al., 2016), and it can be used 

to treat peptic ulcers, anti-malignant, anti-platelet, and anti-thrombotic (Abbas et. al, 2013). Recent studies 

have shown that camel's milk is one of a kind when it comes to antioxidative Antibacterial, antiviral, 

antifungal, anti-hepatitis, Paratuberculosis treatment, hypoglycemic, anticancer, anti-aging, cure for 

autoimmune diseases, and cosmetic. and detergents (Grader et al., 2016). 
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Many studies have been done on different milking animals, but all of them have found benefits. The 

chemical makeup and health benefits of camel milk were not looked at, which led to the area have lack of 

information. 

Camel Milk Yield and Lactation 
The amount of camel milk made each day ranges from 3 to 10 liters (Farah et. al, 2007). The amount of 

milk can be increased by giving the animals better food and water and taking care of them properly 

(Brezovecki et. al, 2015). The number of times a camel is milked each day depends on the season, how far 

along it is in lactation, and how much milk it makes. Most authors agree that the composition of camel 

milk changes depending on where it comes from and other factors like the camel's physiological stage, 

feeding conditions, seasonal or physiological changes, and its genetic or health status (Konuspayeva et.al., 

2009). 

Table:1 Compositional variation of different species of milk: 

Species Water % Fat % Protein % Lactose % Ash % 

Human 88 - 89 3.3 - 4.7 1.1 – 1.3 6.8 – 7.0 0.2 – 0.3 

Camel 86 - 88 2.9 – 3.6 3.0 - 3.9 4.4 – 4.6 0.6 – 0.9 

Cow 85 - 87 3.7 – 4.4 3.2 – 3.8 4.8 – 4.9 0.7 – 0.8 

Buffalo 82 - 84 7.0 – 11.5 3.3 – 3.6 4.5 – 5.0 0.8 – 0.9 

Source: (Raghvendar et. al., 2004) 

Chemical Composition of Camel Milk 
Camel milk is mostly made up of water, fat, protein, carbs, minerals, and vitamins. It is called the "white 

gold" of the desert. Camel milk is the only animal milk that is most like human milk. It has a low amount 

of sugar, a lot of minerals, a lot of vitamin C, and protective bioactive proteins like lactoferrin, 

immunoglobulin, and so on (Kula, 2016). 

1. Fat: The fat in camel milk ranges from 2.9% to 3.6%, and the fat globules have an average diameter of 

2.99 m, which is smaller than the fat globules in bovine milk. From a nutrition physiology point of view, it 

has an advantage because it absorbs fat better and makes milk easier to digest (Mansson, 2008). Compared 

to bovine milk fat, camel milk fat has more long-chain fatty acids (C14:0, C16:0, C18:0, and C18:l) and less 

short chain fatty acids (C4:0, C6:0, and C8:0). Camel milk fat has a higher melting point and a lower 

Reichert Meissl value than bovine milk fat (Konuspayeva et. al., 2008). Most of the sterols in camel milk 

are made up of cholesterol. Camel milk has less cholesterol (25.63 mg per 100g) than cow milk (35.40 mg 

per 100g) (Gorban et. al, 1999). 

2. Carbohydrates: The main carbohydrate in milk is called lactose. The amount of lactose in camel milk 

is between 4.4% and 4.6%, which is lower than the amount in cow's milk (Kula, 2016). The main thing that 

changes the amount of lactose in camel milk is the kind of feed the camel eats. The amount of lactose in 

camel milk depends on when and how far along it is (Abbas et. al, 2013). 

3. Protein: Milk proteins are heterogeneous groups of compounds that differ in composition and properties 

(Gizachew et al., 2014). Dromedary camel milk contains 3 to 3.90% of protein (Table 1). It contains two 

main groups (Caseins and Whey proteins and relatively higher amount immune proteins (Peptidoglycan 

Recognition Protein, Lactoferrin Lysozyme and Lactoperoxidase) and insulin (Abbas et al., 2013, Gul et al., 

2015). 

Casein is a major part of protein in camel milk. Dromedary camel milk has 1.63 to 2.76% of casein protein 

that constitutes 52 to 87% of total milk protein (Khaskheli et al., 2005). There are 4 main casein fractions 

casein: αs1, αs2, β, and κ. their proportion is diverse and polymorphism of these proteins was demonstrated 

in most of the animal species (Barłowska, 2007). The human casein does not contain the αs1-fraction, which 

is the predominant factor causing milk protein allergy. However; it is rich in the β-fraction. But casein in 

cow and buffalo milk is very abundant (38.4% and 30.2% of total casein, respectively) in the αs1-fraction 

(Zicarelli, 2004). Milk protein allergy (MPA) is an allergic reaction to proteins commonly found in cow milk. 

In whole casein portion, β-CN is 65% and αs1-CN is 21%. Camel milk has more digestibility and less allergic 

reactions in infants as αs-CN slowly hydrolyze than β-CN (El-Agamy et al., 2009). 
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Whey protein is the second biggest fraction of protein of camel milk which covers 20 to 25% of camel milk 

protein. The milk of dromedary camel has a whey protein in the range of 0.63 and 0.80% (Khaskheli et al., 

2005). β-lactoglobulin is found in trace, while α-lactalbumin comprises the major camel milk portion. In the 

milk of bovines, α-lactalbumin constitutes only 25%, while β-lactoglobulin made 50% of the total whey 

protein which makes it the major whey protein of bovine milk (Laleye et al., 2008). Whey protein in camel 

milk consists of some other main components such as peptidoglycan, recognition protein, immunoglobulins, 

lactoferrin and serum albumin (Kappeler et al., 2005). 

Bio-active whey proteins: 

a. Peptidoglycan Recognition Protein (PGRP); its highest concentration was first discovered 

in camel milk and it has an apparent effect on breast cancer by controlling metastasis and 

stimulating the host’s immune response (Gizachew et al., 2014). It stimulates the host’s immune 

response and has potent antimicrobial activity. It even appears to have an effect on breast cancer 

in studies (Gul et al., 2015). 

b. Lactoferrin is an iron-containing glycoprotein that is mostly used to move or store iron. The 

amount of lactoferrin in camel milk (0.22 mg/ml) is much higher than in cow, buffalo, or goat milk. 

Higher concentrations of lactoferrin help bifidobacteria grow in the guts of people (Hosam et. al., 

2013). 

c. Lysozyme is found in camel milk at a level of about 4.8–5.2 g/ml. Camels' milk has more lysozyme 

than cows' milk (Singh et. al, 2006). Lysozyme is an antibacterial protein that is found in camel 

milk. It works against gram-positive bacteria. 

d. Immunoglobulins in camel milk contribute to camel milk’s incredible infection-fighting. Camel 

Igs are able to penetrate tissues and cells that human Igs were unable to. Because of their reduced 

size, one-tenth the size of human antibodies, thus can readily pass to the milk of the lactating camel, 

can pass the BBB, and readily absorbed from the gut into the general circulation (Gader, 2016). 

Additionally, the level of Ig-G in camel milk is 1.64 mg. mL-1 which is the highest as compared to 

0.70, 0.67, 0.55, 0.63, and 0.86 mg. mL-1for goat, cow, sheep, buffalo, and human milk respectively 

(El-Agamy and Nawar, 2009). 

4. Vitamins: There are a lot of vitamins in camel milk. Vitamins A, B (complex), D, E, and C are the most 

common ones. The amount of vitamin C in camel milk is 34.16 mg/L, which is three to five times higher 

than in cow's milk (Stahl et. al, 2006). 

5. Minerals: Between 0.60 and 0.9% of camel milk is made up of minerals (Kula, 2016). Total ash is a 

measure of how many minerals are in camel milk, and it ranges from 0.82 to 0.85%. Different research 

groups have found differences in mineral content. These differences could be caused by differences in breed, 

diet, testing methods, and water intake. Minerals like Na, K, Ca, P, and Mg, which are found in camel milk 

and are important for how the body works, are a good source of minerals. 

Table:2 Physico-chemical Parameters of Camel Milk: 

Parameters Values 

Acidity 0.144 ± 0.003  % lactic acid 

Specific gravity 1.029 ± 0.000 

Viscosity 1.77 ± 0.016 centi poise 

Surface tension 58.39 ± 0.421 dyne/cm 

Refractive index 1.3423 ± 0.001 

Freezing point -0.518 ± 0.001 ⁰C 

Electrical conductivity 6.08  0.057 milliohms 

Shelf-Life of Camel Milk 
At 7°C, the shelf life of unprocessed camel milk is 5 days, but at 65°C for 20 minutes and 7°C, the shelf life 

of pasteurized milk is 22 days. You can also freeze fresh milk and keep it for a year. 
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Medicinal and Therapeutic Properties of Camel Milk 
Because there are protective bioactive proteins in camel milk, we can figure out what it can do to help 

people. Which plays a big part in making the immune defense system better. So, people have been drinking 

camel milk to treat a number of health problems, like diabetes, allergies, etc. 

1. Diabetes mellitus is a long-term disease that causes blood sugar levels to be too high. There are two 

kinds of diabetes. Type 1, or insulin-dependent diabetes, is the worst. It is also known as juvenile diabetes. 

About 10% of people with diabetes have type-1, which is fatal if not treated with insulin. In type-2 diabetes, 

the body does not make enough insulin to work properly. About 90% of all cases of diabetes in the world 

are type 1. Eating camel milk has been shown to help people with type 1 diabetes (Agrawal et al., 2003). 

Different researchers have found several possible reasons for the anti-diabetic effect of camel milk, 

including a high concentration of insulin or substances that act like insulin in camel milk. When eaten 

regularly, it keeps blood sugar levels stable. Clinical studies also showed that camel milk could be used to 

treat diabetes effectively. 

2. Allergies in most humans are caused by a milk protein called β-lactoglobulin, which is found in cow's 

milk. But it's only in small amounts in camel milk, so it doesn't cause any problems for people with allergies 

(Panwar et. al, 2015). Because of this, children who are allergic to cow milk may be given camel milk as a 

new source of milk protein. 

3. Anemia is caused by not having enough iron in our bodies. Camel milk has 3–10 times more iron than 

cow's milk, so eating iron-rich foods like camel milk can definitely help raise the iron level in our bodies. 

4. Skin Health; Camel milk is very good for our skin health because it has a lot of Vitamin C, Vitamin E, 

and Vitamin A. All of the vitamins listed above are powerful antioxidants that stop free radicals from 

damaging our skin cells. Free radicals are the main cause of many skin problems, such as wrinkles, dark 

spots, signs of ageing, etc. 

Applications of camel milk as cosmeceuticals: Camel milk is very good at treating skin diseases and 

preventing things like pimples, sores, etc. Because camel milk has many bioactive components, it is often 

used in cosmeceutical products. Camels' milk soap, shampoo, and face cream are getting a lot of attention 

from the cosmetics industry and dermatologists. 

Present Scenario of Commercial Production of Camel Milk in India 
Livestock Report (2012) says that there were about one million camels in India in 1992. This number of 

camels dropped to about 0.4 million. Most camels live in the Indian states of Rajasthan, Gujarat, and 

Haryana. There are already some dairies in Rajasthan that process camel milk. People in the area often 

use it to make tea and sweets. FSSAI (2017) just put out new standards for camel milk fat and MSNF 

content, which are a minimum of 2% and 6%, respectively, for the whole country of India. The Gujarat Co-

operative Milk Marketing Federation Ltd.'s "Sarhad Dairy" processes and sells camel milk under the brand 

name "Amul" in India. 
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Conclusion 
Camel is a vital animal to the daily life of desert dwellers as a source of food and a means of transportation, 

and just as importantly, its milk uses as medicine or diverse ailments. Camels produce more milk for longer 

periods of time than any other milk animal held under the same harsh condition. Camel milk so-called 

white gold of the desert is more similar to human milk than any other milk. Camel milk is unique in 

containing various protective proteins like lysozyme, lactoferrin, lactoperoxidase, and immunoglobulins 

which exert an antioxidative, antibacterial, antiviral, antifungal, hypoglycaemic, antiparasitic, growth 

promotion, aging prevention, autoimmune diseases and anti-tumor activity. Camel milk contains high 

levels of insulin or insulin-like protein which pass through the stomach without being destroyed. Camel´s 

milk cures severe food allergies, skin diseases and hepatitis. Although camel milk has such values, it’s less 

appreciated thus its consumption is restricted to a pastoral area. 
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Introduction 
Aquaponic is the “integration of hydroponic plant production into recirculating fish aquaculture systems” 

(Nelson, 2008).  

It is “symbiotic cultivation of plants and aquatic animals in a balanced recirculating environment”. 

Symbiotic relationship is that the fish provides nitrogenous wastes (i.e. Ammonia), which serves as a 

nutrient for plants (i.e. Nitrates) and the plant remove the nitrogenous compounds thereby cleaning the 

water for the fish. 

What is the Need? 
1. Soil erosion 

2. Climate change 

3. Soil pollution 

4. Less area under cultivation 

5. Deforestation  

6. Urbanization 

7. Growing population. 

Why it is Better Over Other System? 
1. Uses only fraction of water, which is about 10 % of total quantity used in soil medium. 

2. Polyculture: harvest two products at a time.  

3. Purely organic: No pesticide and herbicides are used here.  

4. Can be used in drought prone areas 

5. No soil borne diseases, no tilling, no weeds. 

Three Basic Biological Components of Aquaponics 
1. Bacteria 

2. Plants 

3. Fish. 

Bacteria 

a. Ammonia-oxidizing bacteria (AOB): nitrosomonas. 

b. Nitrite-oxidizing bacteria (NOB): nitrobacter. 

 

Factors for maintaining a healthy bacterial colony 

Factors  Range  

Water pH  6- 8.5  

Water temperature  17- 34°C  
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Dissolved oxygen  4- 8 mg/L  

When water temperature drops below 10°C, multiplication rate of bacteria reduces by 50 % or more. 

(Johanson et al., 2004). 

2. Commonly grown vegetables: 

a. Any plant commonly grown in hydroponics will adopt to Aquaponics 

b. Leafy greens – lettuce, amaranthus, Chinese cabbage, spinach etc. 

c. Fruiting vegetables - tomato, pepper, eggplant, cucumber etc.  

Nutrients: Fish feed provides most of the nutrients required for plant growth. Majority of fish species 

utilize 20–30 % of nitrogen (N) supplied by the diet. This means that about 70–80 % of the N supplied by 

the feed are being released as waste into the water. Ammonia is the major end product in the breakdown 

of proteins in fish. Fish digest the protein in their feed and excrete ammonia through their gills and in their 

faeces. (Piedrahita, 2003). 

Factors  Range  

pH  5.5-7.5  

Dissolved oxygen  >3mg/l  

Temperature   18- 30 °C  

The addition of calcium carbonate and potassium hydroxide can be used to supplement calcium and 

potassium in aquaponics with the added benefit of buffering pH. (Harry and Adam, 2009). 

Pest and disease control: 

a. Chemical pesticides – not so followed in Aquaponics 

b. Choose healthy protected conditions - net houses, greenhouses etc.  

c. For Aphids: spray diluted vinegar with water solution  

d. For White flies and aphids: parasitic wasps and ladybugs 

e. For Caterpillers: weekly twice spraying with Bacillus thuringiensis (a bacterial pathogen) and 

Beauveria bassiana (fungal pathogen). 

Botanical insecticides: 

Botanical insecticides  Effect on pests  Effect on fish  

Tobacco (Aqueous extract) Neurotoxic insecticide  Toxic to fish  

Neem (Azadirachta indica)  Potent antifeedant. Needs 

repeated treatments, every 10 days  

Toxic to fish, may be used as 

foliar spray away from water  

Pyrethrum (Chrysanthemum 

cinerariaefolium)  

Natural neurotoxic insecticide.  Toxic to fish, may be used as 

foliar spray away from water  

3. Common fish species: 

a. Tilapia  

b. Flathead mullet  

c. Carp  

d. Catfish  

e. Rainbow trout. 

Keeping fish healthy: 

a. pH-6-8 

b. Ammonia and nitrites are very toxic to fish 

c. Nitrates are fairly safe for fish (and great for plants) 

d. Fish need oxygen (they can die in 30 min. without it) 

e. Sensitive to light (avoid direct light). 

Installation 
Site selection: 

a. Outdoor - domestic/small-scale aquaponics  

b. Protected condition - commercial / large scale aquaponics  

Structural components: 

a. Fish tank/rearing tank:  Plastic, fiber glass or concrete  
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b. Air pumps: Inject air into water through air pipes and air stones  

c. Filters: Mechanical filter, Biofilter 

d. Sump. 

Designs of Aquaponics: 

a. Raft or Deep-water culture system: In a raft system (also known as float, deep channel and 

deep flow), the plants are grown on Styrofoam boards (rafts) that float on top of water. Water flows 

continuously from the fish tank, through filtration components, through the raft tank where the 

plants are grown and then water goes back to the fish tank. 

 
b. Media-filled bed: A tank or container is filled with gravel, perlite or other media for the plant 

bed. This bed is periodically flooded with water from the fish tank. The water used by the plants. 

Then the water drains back to the fish tank. This method uses the fewest components and no 

additional filtration, making it simple to operate. The production is, however, much lower than the 

two other methods described here. The media filled bed is often used for hobby applications where 

maximizing production is not a goal. 

 
c. Nutrient Film Technique (NFT): NFT is a method in which the plants are grown in long 

narrow channels. A thin film of water continuously flows down each channel, providing the plant 

roots with water, nutrients and oxygen. 
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Challenges & Opportunities 
Challenges  Opportunities    

High initial cost  Sustainable and intensive food production system 

Chances of system imbalance  Extremely water efficient  

Scientific knowledge about components  Completely organic  

Can’t grow all crops  Two products from one input 

Power consuming  Environmentally safe  

Companies Involved in India 
1. Urba grow Aquaponics, Kolkata. 

2. India Aquaponics, Chandigarh. 

3. Mahindra Agri Solutions Limited (MASL), Mohali. 

4. Nanninode Aquaponics RDC, Perumatty, Kerala. 
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Introduction 
Groundnut (Arachis hypogaea L.) is a leguminous plant that is widely cultivated in the tropics and 

subtropics between 40°N and 40°S latitudes. It is valued for its high-oil content and edible seeds. It is the 

fourth most important source of edible oil and a third most important source of vegetable protein in the 

world. Globally, Groundnut covers 315 lakh hectares with the production of 536 lakh tonnes with the 

productivity of 1701 kg per hectare (FAOSTAT, 2020). With annual all-season coverage of 55.71 lakh 

hectares, globally, India ranks first in Groundnut area under cultivation and is the second largest producer 

in the world with 102 lakh tonnes with productivity of 1831 kg per hectare in 2020-21 (agricoop.nic.in). In 

Kharif 2021-22, groundnut production was 82.54 lakh tonnes (1st advance estimates) in an area of 49.14 

lakh hectares (agricoop.nic). Groundnut is cultivated in one or more (kharif, rabi and summer) seasons, but 

nearly 90% of acreage and production comes from kharif crop (June-October). The round year cultivation 

of groundnut, encourages the carryover of pest populations resulting in increased pest damage and 

increased dependence on insecticides. 

Although groundnut is the host of 0ver 70 species of insects and mites in India only a few are pests of 

economic. The groundnut leafminer, Aproaerema modicella Dev. Is wide spread in southern and central 

India and causes severe damage. The white grub, Holotrichia consanguinea Blanch. is a dominant soil pest 

in northern India. A specie of thrips, Frankliniella schultzei (Trybom) has assumed importance in recent 

years because of its role in spreading bud necrosis disease (BND) which is now widespread in India. There 

are other different species which causes severe damage to groundnut crop such as red hairy caterpillar, 

Bihar hairy caterpillar, groundnut aphid, tobacco caterpillar, pod borer, leaf hopper, termites etc. 

Soil Pests 
White grub: Several species of the genus Holotrichia attack groundnut. The grubs kill the plants by 

damaging the tap root. Beetles emerge from soil at dusk after heavy pre monsoon or monsoon rains in June, 

and fly to nearby shrubs and trees, e.g, neem Azadirachta indica, where they mate and feed. They return 

to the soil at dawn and lay eggs This process continues daily over a period of about 40 days from June to 

July. Prolonged drought reduces the emergence of beetles from the soil. A female lays 8 to 25 eggs. Young 

larvae feed on soil organic matter and then on plant roots, including those of groundnuts. The first larval 

instar is completed in 9-14 days, the second in 10-38 days and the third in 61-75 days depending on soil 

temperature. Pupation takes place in the soil in October and the pupal period lasts for 15-22 days. The 

adults remain in the soil until the next monsoonal rains (Brar and Sandhu, 1980). 

Termite: The damage to groundnuts has been recorded from sandy soils of northern lndia where 

Odontotermes obesus and Microtermes spp., Rambur is the dominant species. Termites damage groundnuts 

in two ways. Odontotermes sp. scarify the pods. This weakens the shells and makes them liable to the entry 

and growth of Aspergillus flavus that produces aflatoxins (McDonald and Harkness, 1967). O. obesus and 

Microtomes spp. penetrate and hollow out the tap root thus killing the plant (Amin and Mc Donald. 1979; 

Verma and Kashyap, 1980). 

Earwigs: (Euborellia stali) it makes holes in immature pods. 

Millipedes: (Peridontopyge spp.), are causes damage to younger pods. Their penetration holes 1-4 mm 

diameter. 

Foliar Pests 
Groundnut leaf miner: it is an oligophagous pest of the groundnut. Female moths lay singly, white, shiny 

eggs on the young foliage. A female can lay up to 50 to 400 eggs with an average of 186 eggs. Young 
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caterpillars mine the Leaflets and feed in between the upper and lower epidermis. They then come out of 

mines, web the leaflets, and continue to feed within the shelter they have created. Five larval instars are 

completed in 9 to 17 days. Pupation takes place inside the mines or in webbed leaves. The pupal period 

lasts for 3 to 7 days. Twenty-five species of Hymenoptera parasitize the larvae. The leaf miner has a 

restricted host range which include soybean Glycine max L. The leaf miner can become serious in regions 

where large areas of groundnut and soybeans are cultivated in successive rainy and post rainy seasons 

(Mohammad, 1980). In severe infestation webbing and drying of terminals leaflets and severely attacked 

fields gives a burnt appearance. 

Tobacco caterpillar: (Spodoptera litura F.) has been reported to be a major pest on groundnuts since 

1978 (Amin, 1983. Egg masses containing about 40 to 400 eggs are laid on leaves. Eggs are covered with 

scales from the female's body. They hatch in 3 to 4 days. Six larval instars are completed in 15 to 21 days. 

Pupation takes place in the soil at a depth of 5 cm or underneath leaf debris. Adults emerge in about 10 

days. The larvae are polyphagous. The 1st instar larva feed by scrapping under surface of leaves, whereas 

2nd and 3rd instar larvae feed by making of small holes and in some cases, they feed on flowers.  

Red hairy caterpillar: Caterpillars cause defoliation of the crop- all the leaves eaten away leaving the 

main stem alone. Early instar larvae feed in gregarious form and damage the plant foliage as skeletoniser. 

Late instar larvae completely defoliate the groundnut plant leaving only midribs and the damaged field 

looks like grazed by cattle. Hairy caterpillar reddish brown with black band on either end having long 

reddish-brown hairs all over the body. Moth with white wings. Forewings are white with brownish streak 

all over and yellowish streak along the anterior margin and head. Hind wings are white with black 

marking. 

Groundnut Aphid: (Aphis craccivora) nymph and adults congregate on growing leaf buds and young 

leaves and desap the plants resulting chlorotic patches and curling of leaves. The aphid is ovoviviparous, 

with females retaining eggs inside their bodies and giving birth to small young one. In areas  where colder 

winters , overwintering may be as egg or hibernation. Males are alate and sexual forms have been recorded 

from Germany (Falk, 1960). Optimal development of A. craccivora is dependent on specific climatic 

conditions, such as temperature 24-28.50C and RH around 65% (Real, 1955). 

Groundnut thrips: (Frankliniella schultzei, Scirtothrips dorsalis, and Thrips palmi) The nymph and 

adults lacerate and feed on leaf surface. Due to continuous scrapping, yellow patches appear on upper 

surface and brown red necrotic patches appear on the lower surface leading to upward curling under severe 

damage. Thrips lay eggs inside the leaf tissue, entering from the lower surface. The eggs are small, kidney 

shaped, 0.075 mm long and 0.030 mm broad. They hatch in 6-9 days. The nymphs pass through 2 larval 

instars of 2-3 days each, and complete pre-pupal stage and pupal instars in 2-3 days.  

Leaf hoppers: nymph and adults suck sap from the leaves from ventral surface and affected leaves turn 

white and infestation is noticed in young plants, wilting of the terminal leaves and V shape yellowing on 

the tips of leaflets. A female moth lays 150-200 eggs that hatch in 2-3 days. The larvae are pale brown. 

Fully grown larva measures 6-8 mm. The larval period is 4-17 days. They pupate in white silken cocoons 

within webbed leaflets and the pupae are reddish brown. The pupal period is 5-7 days.  Adult longevity is 

5-6 days. Life cycle is completed in 20-25 days.  

Pod borer: (Helicoverpa armigera) the caterpillar is primarily feed on flowers, fruits and seeds but also 

feed on groundnut foliage. The affected groundnut plants produce many short-lived flowers over a long 

period. Eggs are yellowish-white when first laid, later changing to dark brown just before hatching. Larval 

colour dark with successive moults for the six instars typically observed for H. armigera. Pupa are dark 

brown and pupation occurs in the soil. 

Host Plant Resistance 
Groundnut genotypes possessing resistance to various pests’ resistance such as ICG 156, ICG 6317, ICG 

5044 against termite and jassid, ICG 57 and ICG 156 is resistant against leaf miner and thrips. In some 

genotypes it is associated with long hairs on the leaf lamina (Amin et a]., 1985). Several genotypes with 

resistance to F. schultzei, the vector of BND. have been identified (Amin et al., 1985). and the recently 

released ICGS 11 have comparatively low levels of BND incidence due to resistancc to F. schultzei (Amin, 

1985). Resistant genotypes are now utilising in breeding programs of ICRISAT and AICORPO. The 



 

 
Volume 04 - Issue 12 - December 2022       137 | P a g e  
 

genotype ICG 2271 is being extensively used because of its resistance to a range of pests, good agronomic 

characters, and high yield potential. Efforts are being made at ICRISAT to incorporate resistance in early 

maturing varieties. 

Biological control: the parasites, predators and microbial pathogens of various insect pests, the 

quantitative information on the extent of control they achieve of the pests is lacking. Parasites take a heavy 

toll of the leaf miner larvae (Kothai, 1974; Khan and Raodeo, 1978) and are of potential importance (J.A. 

Wightman, ICRISAT personal communication). The role coccinellids in reducing A. craccivora populations 

is known, but has been not exploited (Khan and Hussain, 1965). The several species of parasites and 

predators attack larvae of S. litura, they are not effective in controlling this pest. However, the potential of 

insect pathogenic viruses, e.)., nuclear polyhedrosis virus, needs to be determined. Because viruses are not 

affected by insecticides, they can be integrated in pest management programs. 

Chemical control: White grubs can be controlled by phorate applied with seed @ 1 to 2.5 kg ai/ha. 

Termites can be controlled by seed dressing with insecticides and chlorpyriphos is a good control measure 

(Sand., 1973). Sucking pests can be controlled by systemic insecticides such, dimethoate, monocrotophos, 

imidacloprid and acetamiprid. Leaf miner can be controlled by carbaryl, chlorpyriphos or monocrotophos. 

S. litura larvae can be controlled by monocrotophos 350 g ai / ha or carbaryl 850 g ai / ha in 300 litres of 

water, particularly if insecticides are applied when egg masses are noticed. The use of baits made up of 125 

ml monccrophos + 1 kg jaggery + 10 kg rice bran gave 44 % mortality of S. litura larvae and 25 % more 

yield when compared with plots where bait was not applied (Anon., 1984, p. 307), Hairy caterpillars can be 

controlled by several contact insecticides (Nagarajan et al. 1959). 

Insecticides are applied to the groundnut crop by using knapsack sprayer (300-400 L spray mixture/ha) 

and controlled droplet applicators (CDA) requires 15 L of mixture per ha. 
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Abstract 
Crops are severely affected by diseases causing more than 30–40% of yield losses worldwide and affecting 

global food security. Genetic improvement is essential to meet the increasing population. Genome editing 

offers a novel opportunity to control phyto-pathogens successfully through genetic modifications. Targeted 

genome modifications are achieved by using sequence-specific nucleases (SSNs) such as zinc finger 

nucleases (ZFNs), transcription activator like effector nucleases (TALENs) and clustered regularly 

interspaced short palindromic repeats (CRISPR)/CRISPR-associated protein 9 (Cas9) system. These offer 

chromosomal changes, such as nucleotide deletions, insertions or substitutions at specified genetic loci. 

Genome editing (GE) tools applications are extended to modify the expression of genes during transcription, 

RNA processing, and at the epigenetic level. This popular article focuses on different GE tools that can be 

potentially utilized to increase crop production through the development of promising disease-resistant 

crop varieties.  

Keywords: Genome editing; sequence-specific nucleases; ZFNs; TALENs; CRISPR/Cas9, Double-stranded 

break. 

Introduction 
The world requires increasing food production to meet the demands of a growing population. Plants are 

attacked by a number of pests and pathogens causing substantial yield loss. Plant diseases are traditionally 

controlled by chemicals and host resistance while, resistance is not durable and chemicals are not 

economical moreover posing a health risk. Hence, innovative protection strategies are needed to manage 

plant diseases successfully. In recent years discovery of plant genome editing techniques has transformed 

agriculture and resistance breeding. These novel technologies are relatively simple, efficient and accurate 

with site-specific action of sequence-specific nucleases (SSNs) resulting in chromosomal changes, such as 

nucleotide deletions, insertions or substitution at specified genetic loci. These rely on the introduction of 

targeted DNA double-strand breaks (DSBs) by the action of nucleases leading to non-homologous end 

joining (NHEJ) and homologous recombination (HR) of cellular DNA resulting in deletions, insertions and 

multiplex genome modifications (Voytas and Gao, 2014). Currently, three major types of sequence-specific 

nucleases for genome editing are used for crop improvement:  

1. Zinc finger nucleases (ZFNs) 

2. Transcription activator like effector nucleases (TALENs) 

3. Clustered regularly interspaced short palindromic repeats/CRISPR-associated protein (CRISPR/Cas). 

Zinc Finger Nuclease (ZFN) 
It is the first genome editing tool, developed from Johns Hopkins Laboratory under Dr. S. 

Chandrasegaran's leadership. Zinc finger is a DNA binding protein derived from the African clawed 

frog Xenopus laevis. ZNF has two domains, Cys2-His2 Zinc finger DNA binding domain at N-terminal and 

a non-specific DNA cleavage domain derived from Flavobacterium okeanokoites 1 (Fok1) at C-terminal 

linked via linker peptide. Zink finger domain has an array of 4-6 Cys2-His2 residues derived from eukaryotic 

transcription factor recognizing 3 nucleotides and brings Fok1 to close proximity of target region and Fok 

1 is an endonuclease that cleaves the DNA. ZFN is a restriction enzyme that recognizes any long stretch of 

double-stranded DNA sequences about 18-36bp. Double strand breaks are subjected to DNA repair 

processes that lead to targeted mutagenesis and targeted gene replacement at higher frequencies. This 

https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-binding
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/xenopus
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technology has been successfully exploited to induce multiple resistance against various phytopathogens 

(Chen et al. 2014). 

Transcription Activator like Effector Nuclease (TALEN) 
TALENs are nucleases in which a DNA binding domain, Transcription activator like effector (TALE) is 

linked to the catalytic domain of FokI for targeted genetic modifications. TALE is an effector protein 

discovered in the plant pathogenic bacteria Xanthomonas and produced via., type III bacterial secretion 

system that promotes infection by binding to promoter gene and activating the susceptibility gene. It 

contains 33- 35 amino acid repeat domains that recognize a single base pair of the DNA. The repeats are 

identical except at positions 12 and 13, which represent two hypervariable amino acids called repeat-

variable di-residues (RVD) that decide the TALE specificity. The TALE repeats typically use four RVD 

domains NN, NI, HD and NG which recognize guanine, adenine, cytosine and thymidine, respectively. The 

main attributes of this technology are high DNA binding specificity, lower off-target effect, easy 

construction of DNA-binding domain and could be designed to target any given DNA sequence. But the 

limitation is there should be requirement of thymine at the 5′ end of the target sequence, which will be 

recognized by the two amino-terminal cryptic repeat folds (Kim and Kim, 2014). 

Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) /Cas9 
CRISPR/Cas9 system has proven to be an effective genome-editing tool for crop improvement. Initially 

reported by Ishino et al. in 1987 as multiple copies of near perfect palindromic repeats separated by spacer 

roughly 36bp in E. coli. Jansen et al. 2002 coined the term Clustered regularly interspaced short 

palindromic repeats (CRISPR). Later found to be a part of the adaptive system found in 

the genomes of bacteria and archaea (Barrangou et al. 2007). At present this is the most widely used 

technology to create disease resistance in plants. It is advantageous over ZFNs and TALENs since it allows 

simultaneous editing at multiple sites across the genome. 

Components of CRISPR 
1. Type II, Cas9 protein (an endonuclease)  

2. CrRNA 

3. TracrRNA 

Cas9 (CRISPR-associated protein 9) nuclease derived from Streptococcus pyogenus uses CRISPR sequences 

as a guide to recognize and cleave specific strands of DNA. CRISPR-Cas9 nuclease bound to a synthetic 

guide RNA (sgRNA) complementary to a 20-bp target DNA sequence. Base pairing between a DNA 

sequence and sgRNA after protospacer adjacent motif (PAM) recognition allows DNA cleavage at the target 

site by Cas9 nuclease domains. Further, the cleavage is coupled with homology-directed repair (HDR) that 

enables engineering of new alleles of endogenous genes or the sequential insertion of transgenes at the 

same locus.  

The classical application includes: indels (insertions and deletions) through single or two sgRNA and 

insertion of foreign genes is possible with NHEJ and HEJ.  In recent times, transcriptional repression using 

Deadcas9 (dcas9), silencing (RNA processing via. Rcas9), base editing (cytidine deamination) and 

epigenetic modifications are being carried out effectively. At epigenetic level activation (histone acetylation 

or methylcytosine methylases) and repression (histone trimethylases or cytosine methylases) of gene is 

possible without any change in the nucleotide sequences. We can also design fusion guide RNAs that can 

function with 2 or more nucleases that allow multiplexing and genome manipulation (gene disruption and 

transcriptional activation) of a second gene at the same time. 

Protocol for Using CRISPR/Cas9 Module 
1. Selection of Genomic target with PAM sequence 

2. Design sgRNA 

3. Assemble Cas9 and sgRNA construct 

4. Delivering to plants 

5. Regenerate and screen for the edited events. 
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Limitations of CRISPR/Cas9 Technology and Strategies to Overcome 
1. Offsite targeting: This can be overcome by developing sgRNA truncated with 2-3nt and paired nickases 

(inactive RuvC domain). Tools such as Cas-OFFinder, CRISPR Multi Targeter and CasOT can be used to 

reduce the offsite targeting effect.  

2. Specificity: The specificity for NGG- PAM may be difficult in context of A-T regions in the genome. This 

can be achieved by a mutation in the PAM interacting domain of spCas9 which includes motifs such as 

VRER (NGCG), EQR and VQR (NGAG). Specificity can also be increased by using NmCas9 that recognizes 

24 nts instead of 20 nts and CRISPR-Cpf1 is having different PAM sequences that accommodate A-T rich 

regions. 

Recent Approaches 
1. Physical mapping: Cas9 nanoparticle along with atomic force microscopy can be used in mapping for 

resistance breeding (Mikheikin et al. 2017).  

2. Detection of plant pathogens:  

a. Cas13a based nucleic acid detection system named, SHERLOCK (Specific High 

Sensitivity Enzymatic Reporter UnLOCKing), is presently used for the detection of pathogen at field 

level.  

b. CRISPR-based diagnostic (CRISPR-Dx), helps in rapid DNA or RNA detection with attomolar 

sensitivity and it can recognize single-base mismatch ie., specificity is high. 

c. SHERLOCK-based Profiling of IN vitro Transcription (SPRINT): By coupling CRISPR to 

additional enzymatic processes, we can detect molecules beyond nucleic acids. It can be used to 

detect metabolites in environmental samples with high throughput. 

Genome-Editing Applications for Plant Disease Resistance 
1. Synthetic R-Gene for Single or Multi-Resistance: Traditional resistance breeding is based on the 

introgression of resistance traits, such as NLR (nucleotide-binding, leucine-rich repeat) genes, from wild 

species into elite varieties. Unfortunately, R-gene mediated resistance is based on the recognition of a single 

elicitor and the frequency of resistance breakdown is typically high. Therefore, a continuous influx of novel 

resistance genes in breeding programs is required. However, the deployment of novel resistance genes 

through both conventional breeding and transgenic approaches is hampered by the low occurrence of R-

genes with the useful response specificities. Specific R-gene targets could be edited since one or few 

polymorphic amino acids in the coiled-coil (CC) and/or nucleotide-binding (NB) domain are known to be 

responsible for recognition specificity. Additionally, it was observed that a double amino acidic mutation 

enhanced the ability of the R-protein to trigger cell death.  

Another potential use of editing technology is the engineering of a novel synthetic R-gene able to mount 

resistance to several pathogens by combining Pathogen recognition site (PRS) from different R-genes. This 

is achieved by modification of non-functional PRSs to obtain a synthetic functional R-gene. Base 

modifications or genome editing will be performed to enhance pathogen perception so as to trigger innate 

immune responses (Andolfo et al. 2016). Genetic engineering of the promoter region (Xa10E5) confers broad-

spectrum and durable resistance to Xanthomonas oryzae pv. oryzae infecting rice (Zeng et al. 2015). 

2. Editing of S- genes or genes coding for susceptibility factors: The genomic regions or their 

products targeted by effectors to establish in the host plant are termed S- genes or susceptibility factors. 

MLO is one of the best-known and is a prominent example of robustness in durable pathogen resistance 

programs. MLO proteins are involved in powdery mildew (Blumeria graminis f. sp. hordei) interaction and 

it is required for mildew fungal penetration of host epidermal cells. Mutation of Mlo with TALEN and 

CRISPR–Cas9 has conferred mildew resistance in wheat and tomato in a non-transgenic (knock-out) 

approach.  

3. Editing of Sucrose transporter genes (SWEET genes): The rice bacterial leaf blight pathogen, 

Xanthomonas oryzae pv. oryzae (Xoo), secretes transcription-activator-like effectors (TALEs) that bind to 

specific promoter sequences and induce susceptibility by activation of host sucrose transporter genes such 

as SWEET11, SWEET13 and SWEET14. Mutation in the SWEET genes leads to incompatible interaction 

and makes the plant resistance. In activation or mutation of promotor region of SWEET gene through 
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TALEN and CRISPR/cas9 technology found promising to induce resistance by making the inability of the 

effectors to recognize the corresponding promotor regions (Blanvillain et al. 2017; Oliva et al. 2019). 

Conclusion 
GE techniques can be potentially used to develop multiple disease resistance cultivars against different 

phytopathogens in crops. The novel GE tools will help to modify R genes, effector binding sites and host-

susceptibility genes making the plant resistant to various phytopathogens. Developed resistance varieties 

will ultimately lead to sustainable food production. GE technologies will be the future potential tool to 

develop multiple disease cultivars in a short period of time as compared to conventional breeding methods 

and also be used for large-scale pathogen surveillance in response to major plant disease outbreak. 
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Introduction 
The environmental design(s) are laid on the experimental area following basic principles of field 

experimentation. The survey on designs used by the scientists of the Gujarat states agricultural 

universities (Annon., 2018) indicated that more than 90 per cent experiments were conducted in 

Randomized Complete Block Design (RCBD). It considers only one-way soil fertility heterogeneity in the 

experimental units. In diallel experiments large area of experiment is required as number of parents 

increases, which may cause two-way heterogeneity in soil fertility. Heterogeneity in the experimental 

material is the one of the most important problems to be considered while laying out mating designs. 

Incomplete block designs like Variance Balanced Design come to rescue here. In these designs, crosses are 

arranged in such a way that each row and each column contain the crosses at most once which ensures the 

balanced estimation of contrasts pertaining to gca effects free from sca effects. Detailed construction and 

analysis methods are mentioned below. Sharma and Fanta (2010) proposed VBD which is orthogonal, 

optimal, balanced and available for every number of parents. Detailed construction and analysis methods 

are mentioned below. 

Construction of Variance Balanced Design (VBD) for Diallel Crosses 
For p lines, the variance balanced design formed has parameters v(crosses) = p(p-1)/2, b(blocks) = p-1, 

r(replication) = 2 and k(block size) = p-1. In the present example construction for six is shown below: 

Block 1 Block 2 Block 3 Block 4 Block 5 Block 6 

0×1 

(P1×P2) 

1×2 

(P2×P3) 

2×3 

(P3×P4) 

3×4 

(P4×P5) 

4×5 

(P5×P6) 

0×5 

(P1×P6) 

0×2 

(P1×P3) 

1×3 

(P2×P4) 

2×4 

(P3×P5) 

3×5 

(P4×P6) 

0×4 

(P1×P5) 

1×5 

(P2×P6) 

0×3 

(P1×P4) 

1×4 

(P2×P5) 

2×5 

(P3×P6) 

0×3 

(P1×P4) 

1×4 

(P2×P5) 

2×5 

(P3×P6) 

0×4 

(P1×P5) 

1×5 

(P2×P6) 

0×2 

(P1×P3) 

1×3 

(P2×P4) 

2×4 

(P3×P5) 

3×5 

(P4×P6) 

0×5 

(P1×P6) 

0×1 

(P1×P2) 

1×2 

(P2×P3) 

2×3 

(P3×P4) 

3×4 

(P4×P5) 

4×5 

(P5×P6) 

Statistical Analysis of Diallel Crosses in Variance Balanced Design 
Following Singh and Hinkelmann's (1998) two-stage methodology, the analysis was performed. Cross 

effects were initially estimated, and they were then divided into two sources, gca and sca effects. The 

following model was used to estimate the cross effects for p parents, v crosses that were arranged in b 

blocks. 
y = μ1 + Xτ + Dβ + ε 

Where, 

y = n×1 vector of observation τ = v×1 vector for treatment parameters  

1 = n×1 vector of ones μ = General population mean 

X = n×v design matrix for treatments β = b×1 vector of block parameters 

D = n×b design matric for blocks n = Number of observations 
ε = n×1 vector of residuals normally distributed with mean zero and constant variance 

The least square method proposed by Tocher (1952) and Raghava (1971) leads to following normal equation 

for the design. 
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Cdτ=Q
d
 

Where, 
Cd = rδ − Nk

-δ
N

,
  τ = v×1 vector for treatment parameters  

Q
d
 = τ −  N k

-δ
B 

The second step is to divide the cross effects into gca and sca effects using the expression mentioned below: 
𝜏𝑖𝑗 = 𝑔𝑖 + 𝑔𝑗 + 𝑠𝑖𝑗 

Where,   

𝑔𝑖 and 𝑔𝑗  = gca effects for ith and jth parent (p) 

𝑠𝑖𝑗 = sca effects for the cross between ith and jth parents (i<j = 0,1,…,p-1)    

Table 1: ANOVA for variance balanced design: 

Source of variation Degrees of freedom 

(df) 

Sum of 

squares 

Mean sum of squares Calculated F 

Blocks (unadj.) p − 1 𝑆𝑆𝐵 𝑀𝑆𝐵 = 𝑆𝑆𝐵/𝑑𝑓𝐵 𝑀𝑆𝐵/𝑀𝑆𝐸 

Crosses (adj.) (p(p-1)/2) − 1 𝑆𝑆𝑐 𝑀𝑆𝑐 = 𝑆𝑆𝑐/𝑑𝑓𝐶 𝑀𝑆𝐶/𝑀𝑆𝐸 

Gca p − 1 𝑆𝑆𝑔𝑐𝑎 𝑀𝑆𝑔𝑐𝑎 = 𝑆𝑆𝑔𝑐𝑎/𝑑𝑓𝑔𝑐𝑎 𝑀𝑆𝑔𝑐𝑎/𝑀𝑆𝐸 

Sca p(p − 3)/2 𝑆𝑆𝑠𝑐𝑎 𝑀𝑆𝑠𝑐𝑎 = 𝑆𝑆𝑠𝑐𝑎/𝑑𝑓𝑠𝑐𝑎 𝑀𝑆𝑠𝑐𝑎/𝑀𝑆𝐸 

Error (p
2

− 3p+2)/2 𝑆𝑆𝐸𝑅𝑅𝑂𝑅 𝑀𝑆𝐸 = 𝑆𝑆𝐸/𝑑𝑓𝐸  

Total n − 1 𝑆𝑆𝑇   

Where,   

𝑆𝑆𝐵 = (𝐵′𝐵/𝑝 − 1) − (𝐺2/𝑛) 𝑆𝑆𝑔𝑐𝑎 = 𝑄′𝑑𝑍(𝑍′𝐶𝑑𝑍)−𝑍′𝑄𝑑 

𝑆𝑆𝑐 = 𝑄′𝑑𝐶𝑑
−𝑄𝑑 𝑆𝑆𝑠𝑐𝑎 = 𝑄′𝑑𝐻2𝑄𝑑 

𝑆𝑆𝑇 = 𝑦′𝑦 − (𝐺2/𝑝(𝑝 − 1)) 𝑆𝑆𝐸𝑅𝑅𝑂𝑅 = 𝑆𝑆𝑇 − 𝑆𝑆𝑐 − 𝑆𝑆𝐵 

The estimates of gca and sca effects should be calculated only if their respective sources are found 

significant in the ANOVA. The estimates of general combining ability effects can be calculated using 

method given by Rao (1973) as follow: 

 
𝑔�̂�=

(p-1)

p(p-2)
H1τ        where   H1=Z

'
Cd 

 

SE𝑔�̂�
=√𝜎𝑒

2
(𝑝 − 1)

𝑝(𝑝 − 2)
𝐼𝑝 

 The sca effects for crosses are estimated by the equation mentioned below:  

 𝑠𝑖�̂� = 𝐻2𝜏        where   𝐻2 = (𝐶𝑑
− −

(p-1)

p(p-2)
𝑍𝑍′Cd)                     

 
SE𝑠𝑖�̂�

=√𝐻2𝐶𝑑
−𝐻2𝜎𝑒

2 

 The gca and sca estimates are tested using Student’s t test against zero. The obtained t statistic was 

compared with values of table t at 5 and 1% level of significance for error degrees of freedom. 

 The adjusted means of crosses vector (m) is obtained by following expression    

 𝑚 = 𝜏 + �̅� 

 The comparison of means of crosses was done by using Least Significant Difference (LSD) value and 

coefficient of variation (CV%) are estimated as 

 
𝐿𝑆𝐷 = √

2

𝜃
𝜎𝑒

2  ∗  𝑡(0.05,𝑒𝑟𝑟𝑜𝑟 𝑑𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑓𝑟𝑒𝑒𝑑𝑜𝑚)    

 
CV%=

√σe
2

X̅
 ∗  100 

Where,   

𝜎𝑒
2 = Error mean square obtained from ANOVA 
𝜃 = 𝑛−𝑏

𝑣−1
 [n = number of observations, v = number of crosses, b = blocks] 

�̅� = Grand mean 
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Conclusion 
As variance balanced design requires less area for experimentation due to only two replications and also 

gives higher precession by maintaining two-way heterogeneity so it would be more beneficial for diallel 

cross analysis method IV. 
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Introduction 
A Learning Management System (LMS) is an integrated software to create, deliver, track, and report online 

programs and outcomes. It is applied for eLearning activities, including a server that provides basic 

operations and a user interface that instructors, students, and administrators’ control. 

Application of LMS in Education 
LMSs are widely used by corporate, government agencies, conventional educational institutions, and online 

or eLearning-based institutions. The systems can improve conventional instructional techniques and save 

time and money for institutions and organisations. An effective LMS allows teachers and executives to 

manage features such as the registration process, content, schedules, access control, communication, 

certificates, and notifications. 

LMS in Knowledge Management (KM) 
Though LMS can be used for various purposes, it can better be used for Knowledge Management (KM). 

Since it is the process of gathering, organising, sharing, and analysing an institution's knowledge in terms 

of resources, documents, and human skills, it complements traditional face-to-face teaching along with 

blended or hybrid and distance learning contexts. 

Purpose and Advantages of LMS 
The fundamental purpose of an LMS is to provide course content to the learners quickly, so an LMS should 

be chosen that makes course development as simple as possible. A good LMS allows dragging, dropping, 

and arranging content, making it simple to create courses. 

Students may learn remotely and quickly with LMS, which effectively replicates everything that a confined 

classroom can achieve without the expenses of printing hard copies, the limitations on the number of 

students each class, and the absence of tracking features. Following are some of the popular LMSs: 

Zoom: Zoom users can access LMS features to host lessons online. The CN LMS allows creating, 

organising, and distribution of a maximum of ten free online classes. The Zoom LMS interface could take 

the training programmes to the next level. Not only does one receive a dynamic and engrossing learning 

experience, but it can also be transmitted to any location where others might need it. 

Edmodo: In order to communicate and work together with parents and kids, teachers can use Edmodo, a 

cloud-based learning management system. The system enables educators to set up study groups, give tasks 

and homework, plan online assessments, and monitor student progress. 

Moodle: A modular Object-Oriented Dynamic Learning Environment, which is primarily helpful to 

programmers and education experts, is what the name Moodle originally stood for. Open-source learning 

management system (LMS) Moodle may be customised to fit any course or teaching style. An open-source 

LMS is widely used worldwide. A frequently used LMS is a free source. It enables instructors to design 

interactive, engaging, and active learning experiences and connects smoothly with third-party platforms 

and plugins. 

Google Classroom: Google Classroom is an ideal platform for academic institutions. A component of 

Google Apps for Education, Google Classroom is a learning management system hosted in the cloud. 
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Students can use personal computers, tablets, and mobile phones to access the platform using Google 

Classroom. Google often updates Google classroom with additional features. 

Microsoft Teams: Microsoft Teams classes are an LTI (Learning Tools Interoperability) application that 

helps teachers and students easily navigate between their LMS and Teams. Users can access their class 

teams associated with their courses directly from within their LMS. It enables effortlessly integrating of 

the learning management system and self-paced learning content from the Microsoft Learn training library 

(LMS). 

Kahoot: Kahoot is a platform for online learning that uses games. It enables parents, organisations, and 

teachers to create engaging web-based learning for others. It enables educational institutions to make 

games, engage with students online, automate remote learning procedures, and monitor student progress 

through formative evaluations. The screen may be shared with a webcam using a programme for online 

video conferencing (such as Zoom, Google Meet, Microsoft Teams, Skype, and others). 

Conclusion 
An LMS may also be used to deliver blended learning experiences for students. Blended learning 

incorporates traditional classroom instruction with online learning resources. This strategy is more 

successful than traditional face-to-face learning as it supplements the classroom experience with digital 

information tailored to suit students' unique learning needs. LMS is no longer a luxury in today's world; 

instead, it has evolved into an essential instructional tool. Even under challenging circumstances, the 

method aids in maintaining learning. Realising the impact of an LMS, one can understand what it is. 
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Introduction 
Makhana (Euryale ferox Salisb) is an aquatic floating but rooted plant grown mainly in freshwater lakes, 

ditches, ponds and flood prone low lands of Assam, Bihar, Odisha, Manipur, Tripura and West Bengal and 

parts of U.P and Chhattisgarh. Due to presence of more area of wetland, prevailing conducive environment 

and availability of labourers particularly from fisherman community, the state Bihar has the monopoly of 

production. According to a recent report of ICAR about 5.0 lakh families are directly involved in agronomic 

cultivation of makhana, its harvesting, popping and in the marketing, channels including export. Bihar 

alone accounted for about 20000 hectares of cultivation and produced about 10,000 tons of popped makhana 

(Singh et al., 2020) per year. The demand for pop makhana is increasing day by day in the international 

markets. Some of the developed countries avoids makhana pop consumption as it is generally grown in 

the lakes, ponds and shallow fields with contaminated water. If the farmers of India grow makhana with 

cleaned water and soil and maintain excellent hygiene during harvesting, drying, grading and roasting and 

popping using cleaned clothes, musk, gloves and head cover, etc. during their processing chain activities, 

then the products would fetch more earnings from international markets. It is a very nutritious crop with 

high value amino acids in their part (Jana and Idris, 2018). Apart from amino acids, it also contains several 

antioxidants, flavonoids and macro nutrients elements specially, K and Magnesium. It is a treasure trove 

of micronutrients like Zn, Fe, Mn and Cu. In the international market makhana is gaining popularity as a 

nutrient dense functional food. To retain this popularity and glory, we should give emphasis on quality 

makhana pop production, aseptic packaging and marketing. Makhana is a well-known nut in South East 

Asia. It is very popular in India, China, Japan, South Korea and Russia. During the forecast period of 2019-

2023, the makhana market will grow at a CAGR of nearly 7.0%. The global makhana market will grow by 

USD 72.5 million between 2019 and 2023 (Kumar et al., 2020). It is expected that the global fox nuts market 

size will grow by US $72.5 million during 2019-23 The major western makhana markets are in the United 

States and the United Kingdom. Makhana is also in high demand in the Gulf countries, Australia, New 

Zealand, and Singapore. The presence of a large number of untapped markets will also encourage new 

players to enter in the international markets. Fox nuts are becoming increasingly popular as a substitute 

for popcorn at present in the world (Shekhar et al., 2020). 

Procedures for Hygienic Products 
Clean cultivation practices should be adopted for quality seed production and subsequent processing in 

hygienic ways is the need of the hour to popularize makhana pop throughout the world. Manual assistance 

with mechanized popping to obtain a nutritious quality dry food popularly and marketing in India and 

across the world would earn more. For proficient marketing all over the world, makhana production and 

processing need urgent attention to earn more forex as well as to ensure livelihood security of needy farmers 

of Bihar and other states of India. Clean cultivation encourages proper utilization of nutrients leading to 

robust growth and development of plants, which accounted for increase in seed size and thereby production. 

In addition, disease and pest infestation are remarkably reduced which could secure continuous fair 

production. The cultivation of sweet flag and water chestnut as a border crop (Fig-1,2) absorbs heavy metals 

(Cd and Ar) and other pollutants from the aquatic environment and the products remain without blemishes. 

Maintenance of hygiene during makhana production, i.e., field based makhana cultivation with fresh water 

is an excellent practice. Apart from cultivation, harvesting, cleaning and drying must be done with wearing 
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proper dress or aprons with gloves. In addition, popping and packaging must be performed in aseptic 

conditions (Fig-3,4). If farmers and producers together follow these above hygienic practices from field level 

to processing unit buyers/importers certainly purchase the products with more prices because, for them, 

first importance is quality matters not price. Many foreign companies from the USA, U.K. and Australia 

visited our farms in previous years and they gave emphasis on quality makhana food production from 

wetlands. Thus, the Government should take necessary steps to back up and encourage farmers and 

producers through clean cultivation and development of hygienic products by maintaining better 

international standards for processed products. 

 
Fig-1: Makhana + Sweet Flag (As border crop) 

 
Fig-2: Makhana + Water Chestnut (As border crop) 

Safety from Heavy Metals from Growing Environment 
Soil and water must be free from heavy metal contamination for clean cultivation of makhana. This 

improves food quality and health of the consumer by providing the products free from heavy metal toxicity. 

The presence of heavy metals like selenium and chromium are necessary which act as antioxidants that 

alleviate insulin sensitivity to diabetic patients. Pd, Hg Ar should be present @ <0.001ppm (table-1) in both 

soil and water. TDS of the water must be in the range of 70-115.7 ppm, nitrate 0.5±0.03 ppm and phosphate 

of water 0.07±0.01 ppm during the rainy season especially when the flowering stage of the crop attained. 

The appreciable limit of selenium and chromium would be 2.0 ppm in food (Dry kernel).  Makhana produced 

from Darbhanga soil (Table-1) possesses appreciable amounts of Zn and Fe 70±6.0 ppm and 100±9.0 ppm, 

respectively, with acceptable amounts of heavy metals. Generally permissible limit of heavy metals is 1-2 

ppm (WHO,1996). 

Table-1: Ideal soil and water characteristics for clean cultivation that improves food quality of 

makhana: 

Parameters Soil (ppm) Water (ppm) Food (ppm) 

Selenium BDL*** BDL*** 0.05±0.01 

Chromium <0.001 <0.001 0.95±0.06 

Pd <0.001 <0.001 0.2±0.05 

Hg <0.001 <0.001 BDL*** 

Ar <0.001 <0.001 BDL*** 

Zn 1.92 0.02 70±6.0 ppm  

Fe 200.0 0.08 100±9.0 ppm 

TDS of Water (Rainy) N/A 70-115.7 N/A 

Nitrate of water (Rainy) N/A 0.5±0.03 N/A 
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Phosphate of water (Rainy) N/A 0.07±0.01 N/A 

***BDL =Below Detection Level (0.05 ppm) N/A =Not Applicable 

 
Fig-3: Clean processing of pop makhana 

 
Fig-4:  Aseptic packaging of pop makhana 

In a nutshell, clean cultivation including cultivation from the pollution free areas from nursery to 

plantation, followed by clean harvesting are the essential steps for development of disease-free production 

units at farmers’ level. In this regard, field-based cultivation of makhana with rain water or water from 

shallow tube wells could ensure quality production.  Seeds are then procured in sunlight and processed 

mechanically with a popping machine to maintain export quality. After popping, vacuum packing or hand 

packing of makhana in aseptic conditions are necessary to maintain quality through hygiene.  Vacuum 

packing with inert gas like, N2 in an aluminum lining pouches/foils increases shelf life and quality for about 

six months without deteriorating the standard. 

Conclusion 
From makhana seed to pop production a proper hygienic environment must be maintained to ensure the 

best quality of the product. Exports need better quality to attract international consumers. Number of 

importing countries are increasing day by day for the different products of makhana. Government should 

take necessary actions to encourage clean cultivation and aseptic processing and marketing to earn more 

forex. 

Table-2: Permissible limits of heavy metals in soil and plants: 

Elements *Target value of soil 

(mg/kg) 

***Permissible value of plant 

(mg/kg) 

Cd 0.8 0.02 

Cr 100 1.30 

Pb 85 2 

Ni 35 10 

***WHO Report, 1996. 
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Summary 
Livestock rearing is a major source of livelihood for rural as well as for people living in peri-urban areas. 

Besides providing employment opportunities to youth, the sector has helped in achieving self-sufficiency in 

many food and non-food items. The sector can grow at an unprecedented rate compared to other sectors of 

the agriculture, provided structural reforms aimed at changing the overall scenario and bringing 

sustainability to it, are instituted. The sector needs to be reformed in a judicious way, so that the growth 

can be sustained and at the same time it does not degrade our environment. Vermi-composting provides 

environmentally safe method to dispose of farm animal waste in a judicious and scientifically efficient way. 

The process not only helps to generate extra income from the waste that otherwise poses serious threat to 

environmental and human health, but also auguments the production of an input indispensable to organic 

crop production. Case study of a youth, running a vermin-compost unit profitably is presented here. 

Introduction 
Mr. Paravaiz Ahmed shah, 35-year-old youth from Jangalnar village of district Pulwama, dropped out of 

school after completing senior high school education (12th pass) and decided to opt for job of a civil works 

contractor. However, after about a year, he decided to bid adieu to his job and pursue farming, to earn a 

better living. He was very curious to keep himself abreast with latest trends in crop and livestock 

production that curtail or eliminate the use of harmful chemicals and fertilizers used in agricultural 

production. He owns 4 acres of land, most of which is under apple plantation and has one dairy cow. Taking 

account of his keen interest, for enhancement and diversification of farm income and to curtail or eliminate 

the use of chemical fertilizers, he was enrolled for skill development programme on vermin-composting, 

held in December 2021 at KVK Pulwama. The programme covered power point presentations, handouts, 

hands on training on vermin-composting, exposure visit to a commercial vermin-compost unit and overview 

of Govt schemes aimed at promotion of organic agriculture production. Efforts were made to hand hold him 

and guide him through all stages, so that he succeeds in acquiring necessary skills to turn the waste into 

vermin-compost. A detailed package of practices from start till marketing of the product was provided to 

him.  It was decided to market the produce directly to end users, rather than exploring the conventional 

marketing channels, so as to maximise the returns by excluding the exploitative tactics of middle men. He 

was advised to go for low-cost technique, so that it incurs very little expenditure. To reduce expenditure on 

purchase of earth worms, initially one kg of earth worms was purchased and multiplied sufficiently in 16 

square feet of farm yard manure (FYM), only to be used later on. Three tractor loads of FYM weighing 

around 30 quintals at a cost of 9000 INR were purchased to start with. FYM was placed on elevated ground 

in sizes of area measuring 6x20x1.5 feet, inoculated with around 15 kg of earth worms per area, and covered 

with thick black polythene sheet, to prevent drenching with snow or rain. The pile was turned twice a week, 

to enhance aeration and accelerate digestion by worms. As and when required, water was sprinkled over 

the pile to maintain proper moisture level. A thumb rule for which is that if you press a handful of compost, 

it should take the shape of a ball, which should break apart into big pieces, by gentle thumb press. This 

indicates a desired moisture level. Non formation of ball indicates inadequate moisture and if the ball does 

not break easily, it indicates too much moisture. After about three months of operation, the vermin-compost 

was sieved in a power cylindrical sieve to retain the worms. The sieved vermin castings are inoculated with 

trichoderma and packaged in PVC bags of 50 kg capacity. Currently he is selling the vermi-compost at 1500 

rupees per quintal. From a trolley load of FYM, he is able to recover on an average 7 quintals of vermin-



 

 
Volume 04 - Issue 12 - December 2022       152 | P a g e  
 

compost. Starting with three tractor loads, as of now he has around 90 quintals of ready to harvest vermin-

compost. 

 

 
Vermi-compost Production Unit of Mr Parvaiz Ahmed Shah at Jangalnar Pulwamsa 
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Forage Outline of India 
India's production of fodder is highly unevenly distributed, and how this resource is used depends on the 

breed of cattle reared, the climate, the socioeconomic context, and the crop-growing patterns. Fodder from 

cultivated regions is regularly fed to cattle and buffalo, with some harvested grasses and top feeds added 

as supplements (Shashikala et. al., 2017). Forage, silage, and dehydrated/dried green hay are all forms of 

fodder crops that are fed to animals (cut green and provided fresh). Sorghum (2.6 M ha) and Egyptian clover 

(1.9 M ha) account for around 54 percent of the total planted fodder area in the kharif and rabi seasons, 

respectively (Dagar, 2017).  According to IGFRI vision 2050, the present availability of dry and green forage 

is 355.9 MT and 664.7MT. But the present demand of forages are 467 and 590 MT respectively with 11.8 

and 30.6 % deficit of fodder. IGFRI also made future estimation of demand and supply of forage production. 

In future three decades also, India continues to suffer from shortfall with varying percentages. Future 

becomes much harder with increasing trend of livestock along with deficit of forage production estimate 

(Table-1) in order to tackle the livestock feed.   

India totally covers around 8.4 mha of total forage land with fodder sorghum, berseem, Lucerne, fodder 

maize, bajra, cowpea, oats and barley as major livestock producing crops.  Sorghum alone contributes 

2600000 (26 lakh) hectares of land which is only 2.6 % of total geographical land area. Similarly for green 

fodder availability, states like Uttar Pradesh Assam, Karnataka Nagaland, Kerala, Tamil Nadu, Goa, 

Chhattisgarh, Rajasthan, Bihar, Sikkim, Odisha, Meghalaya, Manipur, West Bengal, Jharkhand, Andhra 

Pradesh, Tripura, Uttarkhand and Jammu Kashmir have shortage of green fodder content in respective 

states ranging upto 50 %.  Whereas, states like Gujrat, Arunachal, Maharashtra, Himachal, Madhya 

Pradesh, Haryana, Punjab and Mizoram have surplus green fodder production ranging upto 50 %. 

Whereas states like Assam, Karnataka, Tamil Nadu, Chhattisgarh, Bihar, West Bengal, Jharkhand, 

Andhra Pradesh, Rajasthan, Maharashtra, Telangana and Gujrat are still having shortage of various 

percentage in their dry fodder production. States like Tripura, Odhisha, Haryana, Jammu Kashmir, 

Chattisgarh, Madhya Pradesh, Arunachal Pradesh, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, 

Punjab, Kerala, Goa, Himachal Pradesh and Uttarkhand are high in producing the dry fodder. 

In the Indian gene centre, native grasses and legumes exhibit a wide genetic variety. There are 245 general 

and 1,256 species in the family Gramineae, of which 139 species and around 21 genera are endemic. One-

third of the total is considered to represent the value of Indian grasses as feed. The bulk of grass species 

belong to the Andropogoneae (30%), Paniceae (15%), and Eragrosteae tribes (9 percent). Similar to this, it 

is claimed that foraging with 21 genera of the approximately 400 species in 60 genera of Leguminosae is 

advantageous. Among the different AICRP centres maintained on forage crops, AICRP at Raipur maintains 

maximum number of forage accessions with more than 2000 accessions, followed by Ludhiana with 1700 

accessions on an average and so on. 

Scope for Forage Enhancement 
At the present, the value of the livestock sector's contribution to the entire production of the Indian 

agricultural and allied sectors is around 28.63 percent. During the 2018–19 fiscal year, the cattle sector 

contributed 4.19 percent of the total GDP. Milk production has drastically expanded over the last several 

decades, with India currently producing more milk than the US (187.7 million tonnes in 2018–19; Economy 

Survey 2020–21, 2021). 

The growth in milk production has mostly been attributed to an increase in the population of cattle because 

our livestock productivity has remained among the lowest (Jitendra, 2017) of all the major milk-producing 

countries. 
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Major Concerns 
Forage crop production is subject to limitations of its own. Forage breeding, plant genetic resources, plant 

protection techniques, forage quality, palatability, and seed production all require an integrated strategy 

to be successfully addressed (Halli et. al., 2018). The following are some general restrictions/limitations on 

the development of feed crops: Lack of dual-purpose varieties, inability to obtain an adequate supply of 

high-quality fodder seeds, grasses' abscission of spikelets after they reach maturity, the presence of many 

sterile glumes in grasses, uneven pod setting, non-synchronous maturity, and the apomictic nature of the 

majority of tropical forage grasses all prevent genetic improvement. 

Improving cattle and their productivity is necessary given the rising demand for animal products. Under 

the existing land use choices brought on by the growing human population, more cropland area for the 

production of fodder is unlikely to be accessible. Newer avenues must be investigated in order to get around 

the challenge of addressing the supply-demand imbalance. To improve the effectiveness of the forage feed 

supply in the various parts of the country. Technologies like growing of grasses on bunds and as 

embankments, leaf meal technologies, fodder preservation etc is to be practiced to enhance green forage 

supply at the rate of increasing human and livestock population. 

Table 1: Forage demand, supply & deficit in India 
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 Green Forage (MT)  Dry Forage (MT) 

Year Demand Supply Deficit % Year Demand  Supply Deficit % 

2010 816.83 525.51 35.66 2010 508.99 453.28 10.95 

2020 851.34 590.42 30.65 2020 530.5 467.65 11.85 

2030 911.67 687.46 24.59 2030 568.1 500.03 11.98 

2040 954.81 761.76 20.22 2040 594.97 524.7 11.86 

2050 1012.7 826.05 18.43 2050 631.05 547.78 13.2 
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Abstract 
In India, mixed farming and cow rearing are fundamental aspects of rural life, and these practises have 

economic, cultural, and religious ties to the social structure. The utilisation of this resource relies on the 

type of cattle kept, the climate, the socioeconomic environment, and the crop-growing practises in India. 

India is home to approximately 15% of the world's livestock and 16.8% of the world's human population 

within a land area of only 2.3 percent. It features the second- and fourth-largest populations of goats (20%) 

and sheep (5%), respectively, and leads the globe in the number of cattle (16%) and buffalo (55%) as well. 

India and Agriculture 
Agriculture continues to form the foundation of India's economic security, and this condition is unlikely to 

alter very soon. Even now, 58 percent of the population relies on agriculture, down from roughly 75 percent 

during the period of independence. Agriculture and related industries' share of the GDP has decreased from 

61 to 19 percent throughout the same time period. India now maintains 16.8% of the world's population on 

2.3 percent of the world's land and 4.2 percent of its water resources. Furthermore, resource availability 

per capital is around 4–6 times lower than the global average. Due to escalating population pressure and 

the resulting conversion of the land to non-agricultural uses, this will further decline (agristat, 2020). 

Approximately 51% of India's land surface is already under agriculture, compared to 11% of the global 

average. Since independence, the current cropping intensity, which is 136 percent, has only increased by 

25 percent in India. In addition, 65 percent of the total net cultivated area is made up of rainfed drylands. 

Additionally, there has been an unparalleled decline in the rate of expansion of total factor productivity, as 

well as exceptional degradation of the land (107 million hectares) and groundwater resources. By 2050, 

agricultural production must double in order to fulfil the population's increasing demands. This slowdown 

must be stopped. The most practical way to increase output is through an efficiency-mediated increase in 

productivity. India has a total area of 328.7 million hectares, according to the Land Use Statistics 2016–

17, of which 200.2 million hectares are grossly cultivated with a cropping intensity of 143.6 percent and 

139.4 million hectares is reported as net sown area. Similar to this, there is only around 10.26 mha of 

land i.e roughly 3.2 percent of geographic land available for pastures and about 72 mha for forestry 

(indiastat, 2020). 

Livestock of India 
The primary source of Livestock information in the country is the Livestock Census. Since 1919, the nation 

has performed a yearly livestock census. All domesticated animals are often included in the census, and 

their head counts are collected. 19 livestock censuses have so far been undertaken with the help of state 

governments and UT administrations. The 20th Livestock Census officially began in October 2018 (Fig-2). 

At that location, various animal species owned by households, household businesses, and non-household 

enterprises were counted, including cattle, buffalo, mithun, yak, sheep, goats, pigs, horses, ponies, donkeys, 

camels, dogs, and elephants. We know that Indian human population is increasing at exponential rate 

which is almost 140 crores accounting for 17-18 % of world. On parallel to it, important point to consider is 

that India is home for 15 % of total livestock too, which includes 55 % of total buffaloes, 16 % of cattle, 20 

% of goat population and 4 % of sheep compared to world (Fig-1). Thus, apart from concerns concentrating 

only on human and food crops there is need to look over livestock and its feed requirement. According to 

two recent livestock census, cattle population increased from 190.9 to 192.49 million which is approximately 

0.83 % increase in cattle population. Similarly buffaloes, sheep and goat population increased at 1.05 %, 

12.38 % and 9.21% respectively with overall livestock growth of 4.43%. 
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Fig-1 Comparison of India’s livestock to the world 

 
Fig- 2 Major India’s Livestock census of 2010 and 2020 
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Agriculture is greatly hindered by weeds because they compete for resources like nutrients, air, water, and 

light, reducing crop growth and yield. Chemical pesticides are commonly used to reduce weed growth and 

maximize crop production. In India, a high concentration of 2, 4-D amine salt is used as a weedicide. These 

herbicides have negative consequences on the environment when used excessively, because they pollute 

water supplies and are poisonous to wildlife and human beings. Hence there is an urgent need to replace 

the conventional herbicides with novel herbicides with less side effects. One of the recent advances in 

agricultural sector is the development of Nanoherbicides. 

 

Nanoherbicides 
Nanoherbicides are nanodimensional particles of size ranging between 1nm and 100 nm (1 nm = 

10−9metre) made up of non-toxic carrier material into which the herbicide chemical is fixed. A wide variety 

Most consumed Herbicides in Indian 

agriculture 
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of herbicides, including 2,4-dichlorophenoxyacetic acid, paraquat, diuron, atrazine, ametryn, and simazine, 

have been encapsulated as nanoparticles. Nanoherbicides are effective against different weed species such 

as Echinochloa crus-galli, Bidens pilosa, Chenopodium album, Raphanus raphanistrum and Amaranthus 

viridis. A pre-emergence herbicide, sulfentrazone encapsulated in calcium alginate offered controlled 

release of sulfentrazone with minimized leaching potential of herbicide. Targeted weed control was 

demonstrated using atrazine nonencapsulated in poly epsilon-caprolactone at a concentration around 10 

times lower than the standard recommendation. It also slowed down atrazine's movement through soils. 

Moreover, improved effectiveness of glyphosate has been made by encapsulating in metal nanoparticles 

and water-soluble polymers. 

Advantages of Nanoherbicides 
Nanoherbicides exhibits the same herbicidal activity at a lower dose as compared to its conventional 

formulation. They dissolve quickly and efficiently eradicate weeds with minimal damage to agricultural 

yields. Furthermore, the herbicide will be released gradually, reducing the amount needed while ensuring 

the chemical remains stable in the soil for an extended period. Use of nanoherbicides has the benefits 

outlined in figure. 

Conclusion 
Nanoherbicide application is a smart delivery approach to overcome the constraints of conventional 

chemical weed management. These preparations will be a huge help to farmers and will play a crucial role 

in the development of environmentally friendly weed management techniques. 

  

Nanocapsule     Nanosphere       Micelle          Nanogel     

Herbicides fixed to different matrix 

Nanoherbicide 

▪ Increased efficacy with reduced dosage 

▪ Enhancement of solubility 

▪ Enhancement of bioavailability 

▪ Act as stable carrier of herbicide 

▪ Protection from environmental degradation 

▪ Sustained release with prolonged weed control 

▪ Increased safety to farmers applying herbicides 

▪ Decreased residue in soil and food 

▪ Reduction in toxicity 

▪ Mitigation of herbicide resistance 
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Summary 
Crop breeding helps us to meet the food requirements and feed growing population. The potential role of 

double haploid (DH) technology has become one of important areas of interest. DH technology is a valuable 

tool for improvement which is highly dependent on frequency of haploid induction and efficiency of genome 

doubling. Rapid development of homozygous inbred lines, enhanced genetic purity, shortening breeding 

cycle, and several other advantages make it ‘A necessity’ for the future crop improvement. Moreover, 

improved effectiveness of glyphosate has been made by encapsulating in metal nanoparticles and water-

soluble polymers. 

Introduction 
The most widely grown cereal crop worldwide is maize (Zea mays L.), which is suited and produced in a 

wide range of agro-ecologies. The crop is crucial for ensuring food security in some of the most 

underdeveloped areas of Latin America, Asia, and Africa. According to recent data, 60–70% of the world's 

maize-growing regions are in developing nations, especially in low- and lower-middle income nations. The 

necessity for accelerating yield increase is highlighted by projections that by 2050, the demand for maize 

in the developing world would have doubled.  

Geneticists and maize breeders have been looking for techniques to hasten the generation of inbred lines. 

Doubled haploids (DHs) have become possible substitutes for traditional inbreds as parental inbred lines 

for hybrid breeding and for use in maize genetics over the past two decades. Blakeslee et al. discovered 

haploids in higher plants for the first time in Jimson weed (Datura stramonium L.) in 1922. Chase 

identified naturally occurring haploid plants in maize in 1947. Guha and Maheshwari began the process of 

doubling chromosomes artificially in 1964 using pollen from the Datura inoxia plant. The process of DH 

line production involves generating haploids with only the gametic number of chromosomes from diploid 

segregating populations, then chromosomes in the haploids are doubled, resulting in a line that is entirely 

homozygous at all loci and has two sets of chromosomes that are identical clones of one another. 

Conceptually, this procedure is straightforward and may be finished in just two generations, greatly cutting 

down on the time needed to create homozygous lines and produce superior hybrids or verities. 

 
Fig.1 Steps involved in Double Haploid Production technology 

Double Haploid Technology 
Induction of Haploids: In order to obtain maize haploids, both in vitro and in vivo techniques have been 

used. There have been reports of in vitro techniques for androgenesis using pollen or another culture and 

gynogenesis using ovary or ovule culture in maize. In contrast to in vitro androgenesis, in vitro gynogenesis 

has been documented far less frequently, and the literature suggests that haploid induction occurs much 



 

 
Volume 04 - Issue 12 - December 2022       160 | P a g e  
 

less frequently during in vitro gynogenesis. Although most maize germplasm is resistive, it was shown that 

producing haploids and DHs through androgenesis is genotype dependent and not entirely trustworthy. 

The response is also dependent on a number of circumstances, such as stage, pre-treatment, technical 

efficiency, etc. 

Sl. No. Method of Production Plant Material used 

1 Spontaneous Zea, Linum sp. 

2 Artificial induction by external stimulus 

a. Irradiation Crepis, Triticum 

b.Wounding/injury Oenothera, Nicotiana, Zea 

c.Tempreture Datura, Secale 

d. Chemicals Populus, Capsicum 

3 Delayed pollination Zea mays 

4 Wide hybridization Solanum tuberosum (Pollinator S.Phureja)  

5 Alien cytoplasm Triticum 

6 Inductive genes 

a.Indeterminate gametophyte (ig) 

b. Haploid Initiator gene (hap) 

Hordeum vulgare 

7 Semigamy Gossypium, Coix, Arabidopsis, Rudbeckia 

Table 1. Methods for production of haploids in different species 

In Vivo Haploid Induction: In vivo haploid induction, as distinct to in vitro haploid induction, has been 

extensively used in maize, particularly over the past three decades. Nowadays, almost all commercial and 

public breeding programs use in-vivo haploid induction-based DHs. The original spark for interest in in-

vivo haploid induction came from Chase's discovery of naturally occurring haploid plants in maize crops. 

However, the incidence of spontaneous haploid induction was very low (0.1%). Later, Coe and Kermicle 

discovered several genotypes that induced haploids more than 10 times faster than naturally and these 

were designated as "Haploid Inducers." 

Paternal Haploid Induction: Paternal haploids are induced when the source germplasm from which 

haploids are desired is crossed as a male parent with the inducer female parent. Paternal haploids carry 

the genome of the male parent. The gene conditioning paternal haploid induction was identified as ig1 

(indeterminate gametophyte 1). Paternal haploid induction is not widely used in maize breeding programs 

because the haploid induction frequency is low (~1–2%) and the resulting haploids inherit cytoplasm from 

the inducer rather than the source germplasm. However, induction of paternal haploids can be used for the 

conversion of an inbred line into a cytoplasmic male sterile version. 

Maternal Haploid Induction: Maternal haploid induction is based on haploid inducers that are used as 

pollen parents and are crossed to source germplasm that is used as a female parent. Maternal haploids 

thus inherit both the cytoplasm and nucleus from the same female parent, and thus maternal haploid 

induction is preferred by maize breeding programs. 

 
Fig.2 Steps involved in Maternal Haploid Induction 
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Almost all DH line production pipelines are now based on maternal haploid induction. The influence of the 

paternal genotype on haploid induction was first described by Chase (1949). Coe (1959) reported that stock 

6 produced maternal haploids at a frequency of 1–3%, which was the highest haploid induction rate (HIR) 

reported up to that time. Stock 6 can be considered as the first maternal haploid inducer that was identified 

with HIR higher than spontaneous generation. Subsequent breeding of new inducer stocks to improve the 

HIR and adaptation to different environments led to the development of several new stock-6-based 

maternal haploid inducers with high HIR. Based on stock-6-derived haploid inducers, several temperate 

inducers with high HIR (6–15%) were developed, including UH400, RWS, MHI, PHI etc. which are being 

extensively used in DH production. 

Sl. No Inducer Lines HIR (%) References 

1 Stock 6 2 Coe 1959 

2 WS14 2-5 Lashermes and Beckert 1988 

3 KEMS ~6 Shatskaya et al., 1994 

4 RWS 8-23 Rober et al.,2005 

5 PK6 ~6 Barret et al., 2008 

6 UH400 >8 Prigge et al., 2011 

Table.2 Inducer Lines for Maternal Haploid Production in Maize 

Doubling Haploid Genome 
Artificial Genome Doubling; Colchicine: 

a. For artificial chromosomal doubling of haploids, chemicals that exhibit antimitotic activity and 

reversibly arrest cell division are used.  

b. Colchicine, a chemical compound extracted from Colchicum autumnale, is most widely used for 

chromosomal doubling in DH line production pipelines. Colchicine causes chromosomal doubling by 

binding to β-tubulin, arrests the formation of tubulin dimers, and prevents the formation of 

microtubules.  

c. The absence of microtubules during mitosis in the shoot apical meristematic cells prevents the 

detachment of replicated chromosomes, polar movement, and cell division, resulting in cells with 

double the number of chromosomes.  

d. Standard chromosomal doubling protocols involve immersion of 4–5-day-old seedlings in a 

solution containing 0.04–0.06% colchicine and 0.5% DMSO for 8–12 h. 

Artificial Genome Doubling; Others: 

a. Some herbicides have been tested as a less toxic alternative to colchicine for the chromosomal 

doubling of maize haploids of these anti-microtubule herbicides—oryzalin, trifluralin, and flufenacet 

have been used. (Not effective). 

b. A combination of 0.5% dimethyl sulfoxide, 20 mg L−1 amiprofos-methyl (APM), and 4 mg L−1 

pronamide applied in a seedling immersion(effective) 

c. Treating 3–4-day-old seedlings with N2O gas in a pressure of 0.6 Mpa for 3 days at 25 °C with 

Calcium hydroxide placed in the chamber to remove carbon dioxide from respiring seedlings. 

(Effective, not complex and does not harm environment). 

Crop Improvement Opportunities with Double Haploids: 

a. Using DH technology, the homozygous inbred lines can be generated quickly in only one year as 

compared to the 3–4 years of inbreeding required by the traditional recurrent selfing method.  

b. Complete homozygosity of the DH lines makes them very suitable for variety registration/variety 

protection because they comply with the distinctness, uniformity, and stability (DUS) criteria, while 

the residual heterozygosity in conventional inbred lines can delay plant variety registration. 

Considering this, the most significant economic advantage of using DH lines in maize breeding was 

noted as the reduced time to commercialization or the time to market.  

c. Another major advantage of using DH lines is simplification of logistics in breeding programs. 

When using DH lines, breeders circumvent various inbreeding cycles and get access to the desired 

number of completely homozygous inbred lines at once, eliminating the need for handling large 

numbers of plants or families from different stages of inbreeding. Thus, when using DH lines, 

operations like planting nurseries, line maintenance, shipping seed, managing inventories, etc. 
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become much simpler. Simplified logistics can lead to significant cost savings in maize breeding 

programs in the long run. 

d. Higher genetic variance and increased heritability result in better response to selection. Increased 

heritability and decreased cycle time when using DH lines can result in greater genetic gain per 

year in maize breeding programs. 

e. DH lines are ideally suited for many molecular marker applications due to their complete 

homozygosity and 1:1 genotypic segregation of both dominant and codominant markers. 

f. Use of DH lines results in higher phenotype to genotype correlation, thereby facilitating better 

estimation of marker/QTL effects in marker trait association studies. 

g. DH techniques in combination with marker-assisted selection allow faster and more efficient 

fixation of favourable of alleles. 

h. The combination of molecular markers and DH lines is a very powerful tool for target gene fixation 

and transgene stacking because the number of plants or families to be sampled for homozygote 

identification is several fold lower compared to traditional methods. 

i. DH technology can also be used effectively to exploit the genetic variation present in landraces 

and open-pollinated varieties, which are not so amenable for inbreeding due to a high genetic load 

of deleterious alleles. 

j. DH technology opens new avenues for utilizing the broader genetic diversity present in maize 

germplasm that were previously not accessed by maize breeding programs.  

k. In addition, landrace-derived DH lines are also well suited for genetic studies and association 

mapping due to low population structure and quick decay of linkage disequilibrium. 

Challenges and Perspectives 
Despite all of the recent advancements in DHT, there are still some issues that must be addressed. These 

include a better understanding of the molecular and cellular processes involved in haploid plant formation, 

as well as genome doubling and its consequences, breeding for higher HI maternal lines, achieving higher 

haploid identification and automation, less toxic doubling agents and looking for additional opportunities 

for DH in maize breeding. 

Conclusion 
Doubled haploid (DH) technology has become an integral part of many commercial maize breeding 

programs as DH lines offer several economic, logistic and genetic benefits over conventional inbred lines. 

DH technology opens a new way for accelerating breeding by creating homozygous inbred lines either by 

androgenesis or gynogenesis. Hence, optimised standardized protocols for doubling genomes in diverse 

crops ensures crop improvement rapidly. 
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Earth is the only planet in the solar system known to harbour life and radiation coming from the sun act 

as a source of energy. Human activities such as industry, transport, energy generation and deforestation 

all produce these greenhouse gases. The total concentration of these gases has risen greatly since the start 

of the Industrial Revolution in Europe and the average global temperature has also risen over that time 

period. The impacts of climate change are many and varied, as all life on earth and many of the planet’s 

physical processes are heavily influenced by temperature. A warming planet means that sea levels will rise 

as water takes up more space as it heats up. Higher temperatures also melt ice locked away in glaciers and 

polar regions (Arunanondchai et al., 2018). This contributes to rising seas but also (in the case of glaciers) 

increases the risks of flooding in the short term, and decreased river flow in the longer term. Climate change 

may also affect water supplies in other ways, such as altering the South Asian monsoon (Noya et al., 2018). 

In agriculture seed is the most basic and vital input in agriculture .to reap the benefit of agriculture quality 

seed production is important. But Climate change poses several challenges tothe continued production of 

high-quality seed and impacts the seed industries because the seed industry is the cornerstone of global 

food security; food security depends on seed security. The global seed market is currently around US$ 66.9 

billion. Domestically, the largest seed market is in the USA, followed by China, France, India, Brazil and 

Canada. Forty countries have domestic seed markets of US$ 100 million or greater, but others rely heavily 

on imports to supply their seed needs. The international seed market has tripled over the last three decades 

driven mainly by the evolution of multinational seed companies, the increased availability of F1 hybrids, 

the protection of intellectual property, the increasing use of counter-season production, and the 

development of genetically engineered crops (FAO,2017). 

The seed has to pass through the reproductive system and climate change effect on sexual reproductive 

phase in plants for better seed production and quality. With this let’s observe how climate change has an 

impact on seed production and quality and options for adaptation. 

Flowering Time 
Elevated CO2 can advance, delay, or impose no change on flowering time depending on genotypes and 

growing conditions MicroRNAs change significantly in expression with the atmospheric CO2 concentration. 

Using the RNA-sequencing method, (May et al., 2013) strongly correlated expression changes between 

miR156/157 and miR172, and their target transcription factors under elevated CO2 concentration and 

demonstrate that both CO2 and temperature alter microRNA expression to affect Arabidopsis growth and 

development, and miR156/157- and miR172-regulated transcriptional network might underlie the onset of 

early flowering induced by increasing CO2 miR156 and miR157 decreased, and miR172 increased in 

expression significantly under elevatedCO2. The downregulations of miR156/157 expressions correlated 

with upregulations of several squamosa promoter binding protein-like (SPLs) gene transcripts; these SPLs 

include SPL10 in all three biological replicates, SPL13A and SPL13B in replicate 2 and 3, and SPL9 and 

SPL2 in replicate 1 and 3. SPL13A and SPL13B are identical in the open-reading frame but differ in the 

untranslated regions of their mRNAs. Similar expression correlations were also identified for miR172 and 

its target transcription factors; nearly all miR172 targets were downregulated, including SMZ in replicate 

1 and 2, TOE1 in replicate 2 and 3, TOE2 in replicate 2 and SNZ in replicate 3, correlating with increased 

levels of miR17. mRNA-seq and RNA-seq results indicated that this early-flowering phenotype was likely 

to be mediated by the miR156/miR157—SPLs—miR172—AP2-like transcription factor pathway. It is well-

established that the sequential action of the components in this pathway controls the vegetative juvenile-

to-adult phase transition and flowering time during normal development. 

https://earthjournalism.net/resources/greenhouse-gases-and-the-greenhouse-effect
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Pollen 
Exposure to elevated CO2 either increase or not change pollen production. But reduce pollen viability and 

pollen germination. This decrease in pollen viability may have resulted from a nutrient limitation that 

developed as CO2 became abundant. Both nitrogen and phosphorous can become limiting under elevated 

CO2 a reduction in their availability can reduce pollen quality (Osborne et al., 1997). 

Pollinators 
Seed production from 87 of the world’s leading food and forage crops depends on insect pollination. In plant 

species where elevated CO2 increases floral display increased flower numbers and longevity, attractiveness 

to pollinators may be increased, and the increased nectar resources should benefit the populations of bees 

(and other insects) feeding on the flowers. 

However, CO2 enhancement can affect bees directly; within honey bee (Apis mellifera L.) hives, the highest 

flight traffics out of the hive is during the period of lowest CO2 concentration. 

Seed Quality 
Viability and Germination: Seed germination in response to elevated CO2 is also highly variable, with 

responses varying among species. The reported change in carbon/nitrogen ratio may reduce seed protein 

content, reducing seed viability by limiting the seed’s ability to supply the amino acids required for protein 

synthesis during embryo growth. Mean proportion of germinated seeds and mean germination time in 

Control and 2 X [CO2] conditions for greenhouse-produced seeds. 

When the seeds were produced under control conditions, a high CO2 concentration during germination of 

Arabidopsis thaliana seeds does not change the proportion of germinated seeds but does induce faster 

germination. In seeds that were produced under high CO2, germination is slower and total germination is 

lower. Elevated atmospheric CO2 concentration seems to reduce seed qualityin Arabidopsis thaliana. This 

could result from an influence on the maturation processes or by altering seed filling. They said elevated 

[CO2] is known to increase the C/N ratio in vegetative tissues, As the protein content of seeds is very high, 

an increase in C/N could lead to a decrease of the protein content and reduce seed viability or change the 

quality of the teguments (Hampton et al.,2013). 

Seed yield: CO2 enrichment is likely to increase yields of most crops by approximately 13 per cent but 

leaves yields of C4 crops unchanged. It will tend to reduce water consumption by all crops, but this effect 

will be approximately cancelled out by the effect of the increased temperature on evaporation rates. In 

many places increased temperature will provide opportunities to manipulate agronomy to improve crop 

performance increase in CO] in the atmosphere can have a large impact on the rate of photosynthesis, 

particularly of C3 plants. 

However, CO2 also affects water use by plants because high concentrations cause partial closure of the 

stomata. The magnitude of its effects on dry matter production depends upon the illumination conditions, 

water availability, N supply and the transport and storage of the photosynthesis. CO2 affects the water 

economy of crop plants. Increased CO2 increases the rate at which this gas diffuses into leaves through the 

stomata, relative to the rate at which water vapours diffuse out. Because the extra CO2 increases the rate 

of dry matter production of C3 plants, this change in relative diffusion rates also increases the water use 

efficiency WUE, the amount of dry matter produced per unit of water transpired. An increase in CO2 also 

causesa decrease in the aperture of the stomata, which reduces the rate of water consumption. Yield 

increases are usually because of a greater number of seeds per unit area as a result of increased resource 

use efficiency for radiation, water, and nitrogen. 

Elevated CO2, through decreasing stomatal conductance, increases water use efficiency. In water stress 

conditions, this may allow plants to retain more seeds, but yields will always be lower compared to those 

in non-resource stress environments Sometimes there is also an increase in seed mass, although the effects 

of elevated CO2 on seed mass are highly variable .plants with C4 of photosynthesis possess a mechanism 

that increases the Co2 con at the site of rubisco as the Co2 can increase the oxygenating function of rubisco 

repressed the carboxylate function is almost unsaturated CO2 induced decrease in stomatal conductance 

may reduce transpiration thereby conserving soil water can be deployed for extra photosynthesis but the 

CAM plants are facultative and change according to the situation (Farrar et al.,2013). 
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Conclusion 
Increase in carbon oxide content is alarming the world by hampering agriculture and its products. 

Industrialization and poisonous gases cause global warming, which ultimately disturbs the world’s 

environment. Change in carbon oxide content has devastating effects on plant growth and yield. Abiotic 

stresses are the major type of stresses that plants suffer. To understand the plant responses under elevated 

carbon oxide conditions the most pressing current need is to explore the genetic basis underlying these 

mechanisms. Some bottleneck molecular and physiological challenges present in plants need to be resolved 

for better plant adaptation under increased carbon oxide conditions. 
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Introduction 
Nitrogen is the most crucial nutrient for agricultural system’s main production. Exogenous N treatment is 

required in systems that are intensively farmed in order to boost productivity. The world's consumption of 

fertiliser N has risen from 14 million tonnes (Mt) in 1950 to about 155 Mt now. To fulfil the demand of 

increased food production, there will be roughly double increase in nitrogen fertiliser consumption by 2050. 

Application of N fertiliser and food grain production in India are closely connected. Despite a significant 

increase in agricultural productivity and a matching growth in the consumption of fertiliser, particularly 

N, the utilisation efficiency of nitrogenous fertilizer has remained pitifully low. 

Agricultural soils release and absorb CH4, N2O, and CO2, which significantly contribute to the greenhouse 

effect. The main sources of emissions from agriculture include enteric fermentation in ruminant animals, 

CH4 from rice fields, and N2O from the application of manure and fertiliser to agricultural soils. Compared 

to CO2, nitrous oxide is 310 times more efficient. Nitrous oxide emission from soil, which denotes a loss of 

soil nitrogen, lowers the nitrogen-use efficiency. The GHG emissions inventory shows that over time, 

India's agricultural soils are emitting more N2O overall, mostly as a result of an increase in the use of N 

fertilisers. All around the world, the use of N-fertilizer has greatly enhanced food output. Through the 

release of N2O and NOx, it also contributes to ozone layer destruction and global warming. Therefore, 

coordinated efforts are needed for adaptation and mitigation to lessen Indian agriculture's vulnerability to 

the negative effects of climate change and increase its resilience. 

Trends in Fertilizer Consumption in India (1970-2014) 
The most popular fertiliser used in the nitrogenous fertilisers market is urea, which makes up over 80% of 

all N-fertilizer used in India. The usage of urea increased at a rate of 5.5% between 1970 and 2013. 

Biological N-fixation, synthetic fertilisers, animal manure, and crop residue spread back into the field after 

harvest are only a few examples of the several anthropogenic sources of nitrogen used in agriculture. Up 

until the middle of the 20th century, organic manures dominated Indian agriculture. After the introduction 

of urea in 1956 and diammonium phosphate (DAP) in 1967, nitrogen is the fertiliser nutrient that is most 

commonly employed in our country (Pathak et al., 2016). 

Emission of N2O From the Agricultural Soils 
The majority of anthropogenic nitrous oxide emissions globally are two-thirds attributable to agricultural 

operations. When inorganic fertilisers and/or manure are added to agricultural soils and the crops cannot 

absorb all of the nitrogen applied because of their stage of growth, this results in N2O emissions. A lower 

than optimal nitrogen utilisation efficiency results from the surplus N in the soil environment. Nitrous 

oxide emissions are currently rising at a pace of 0.25% each year due to the global intensification of 

agricultural operations. Nitrification, nitrifier denitrification and denitrification are the main processes in 

the soil that emit nitrous oxide. 

When ammonium (NH4
+) is oxidised by microbes to nitrate (NO3), N2O is released as a byproduct. The 

process of nitrite (NO2
-) reduction into nitrogen monoxide (NO), nitrogen dioxide (N2O) and eventually 

dinitrogen is known as nitrifier denitrification (N2). Under anaerobic circumstances, NO3 is transformed to 

N2O and then to inert N2 in a two-step process known as denitrification. The obligatory intermediates in 

the route leading to denitrification are NO2, NO and N2O. 
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Management of Nitrogenous Fertilizers 
Numerous management strategies can lower N2O emissions while regulating soil nitrogen levels. There 

are numerous ways to stop the loss of nitrate and ammonia. Generally speaking, techniques that lower 

N2O emissions enhance NUE, which maintains more of the additional N in the crop. The four main 

management factors that help reduce N2O emissions from applied N fertilizer are commonly known as the 

4R’s which are right application rate of nitrogen in right formulation (fertilizer type) at right timing and 

right placement. 

Other management strategies are integrated use of fertilisers such as manures and crop residues, slow-

release N fertilizer combined with inorganic N fertilizer (Zhang et al., 2016), split fertilizer application, 

customized fertilisers as per soil test, Deep placement of fertilizers (Rychel, 2020) can be used to reduce the 

loss of nitrogen from the soil. Demand-driven N supply using leaf colour chart, green seeker and many 

sensors are one of the best ways to reduce excess application of nitrogenous fertilizer in the soil. Water-

use-efficient technologies such as fertigation, sprinkler and drip irrigation will avoid the fertilizer wastage 

and can be used to apply fertilizer at the proper location.  Application of neem and starch coated urea 

(Bordoloi et al., 2020), nitrification inhibitors such as Dicyandiamide (Kumar et al., 2000), urease inhibitors, 

application of biochar (Dawar et al., 2021) will reduce the nitrous oxide emissions from soil. N fixation by 

legumes (crop rotation) will enhance the nitrogen content in soil and also reduces the quantity of fertilizer 

applied in soil. 

Conclusion 
The overuse of nitrogen fertilisers has led to the deterioration of soil, water, and air quality, acidification 

of the soil, N leaching into groundwater, and greenhouse gas emissions that contribute to global warming. 

Global nitrogenous fertiliser demand is expected to rise as well as N2O emissions in the future. So, adopting 

best management practises to reduce the emission without a decrease in overall yield or total-N buildup in 

the crop should be taken into consideration. 
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Fortification is the practice of deliberately increasing the content of one or more micronutrients (i.e., 

vitamins and minerals) in a food or condiment to improve the nutritional quality of the food supply and 

provide a public health benefit with minimal risk to health. As well as increasing the nutritional content 

of staple foods, the addition of micronutrients can help to restore the micronutrient content lost during 

processing. 

 Nutrition scientists have mentioned that fortification of food products using natural resources (fruit) 

is one of the best ways to improve the overall nutrient intake of food with minimal side effects (Bouis et al., 

2011). As per the general principle of fortification, nutrient fortification should not only harm the sensory 

attributes of the final product but should also not reduce the consumer demand for the consumption 

of unfortified food. 

Advantages 
1. Fortification supplies micronutrients in amounts that are appropriate. Hence, safer than 

supplements. When properly regulated, fortification carries a minimal risk of chronic toxicity. 

2. It is feasible to fortify foods with several micronutrients simultaneously, to treat multiple 

micronutrient deficiencies that often coexist in a population that has a poor diet. 

Disadvantages 
1. A specific fortified foodstuff might not be consumed by all members of a target population.  

2. Availability, access and consumption of adequate quantities and a variety of micro nutrient-rich foods, 

such as fruits and vegetables, is limited. 

3. Very low-income population groups are known to have coexisting multiple micronutrient 

deficiencies. Although multiple micronutrient fortification is technically possible, the poor will be unable 

to obtain recommended intakes of all micronutrients from fortified foods alone. 

4. Some iron fortificants change the colour and flavour of many foods, and can cause the destruction of 

fortificant vitamin A and iodine. 

Fortification of Processed Fruit Products with Minerals 
Mineral Fortification: The issue of osteoporosis and anaemia are two major health concerns that could 

be alleviated or even eliminated by modifications in dietary intake, notably by mineral fortification. The 

metal ions most often referenced are calcium and iron (FAO/WHO, 2004). It was reported that various iron 

salts are used; among these salts, FeSO4 is more beneficial for fortification because it is rapidly absorbed, 

low in price, and has a high bioavailability characteristic (Mohammadi et al., 2016). In water-based 

beverages, ferrous gluconate is used due to its good solubility. Other important salts that may be used are 

ferrous fumarate, ferrous tartrate, ferrous succinate, and ferrous citrate (Baltussen, et al., 2004).  

Vitamin Fortification: 

Vitamin A: Fortification with β-carotene not only serves as a precursor of vitamin A but also 

provides colour to beverages and jams. Fortification of vitamin A in beverages having high moisture 

levels tends to have adverse effects on the stability of vitamin A. To overcome this problem, an 

encapsulated fortification method with an additional moisture barrier was evaluated, with 

carotenoid being used as a source of vitamin A (Whited et al., 2002). 

Vitamin B12: It plays an important role in the brain and nervous system functioning. It is rarely 

added during fortification. The researchers coated the ready-to-blend fruit salad with vitamin B12 

and chitosan at the rate of 0.25 mg L–1 and 10 g L–1, respectively. Fortified beverage products had 

good levels (8.6 μg kg–1) of vitamin B12 (Artés- -Hernández et al., 2017).  
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Vitamin C: The best sources of vitamin C are found in fresh edible fruits. Foods fortified with 

vitamin C include baby food (Reidy et al., 2018), juices (Thakur et al., 2018), jelly, and candies 

(Mohammadi et al., 2018). Vitamin C is often added to fruit juices, fruit-flavoured candies, dried 

fruit, and frozen fruits to fortify or add a citrus flavour. Of all the samples, berries and plums have 

the highest content, which agrees with high anthocyanin concentration. Also, the single antioxidant 

composition of samples is rather variable.  

Vitamin D: Fortification of vitamin D requires a media containing fats in it since vitamin D 

is soluble in fat-based systems. Most foods are low in vitamin D, so to achieve the desired intake, 

other strategies for fortification of vitamin D are used (Harris et al., 2001). The functional beverages 

are fortified with vitamin D ergocalciferol (D2) and cholecalciferol (D3). It can be noted that 

fortification of fruit products with vitamin C is more common than with vitamin A, B9, B12, and D.  

Vitamin E: Vitamin E is a fat-soluble antioxidant in the body. It protects cellular membranes and 

other lipids against oxidative damage (Atkinson et al., 2008). Again, vitamin E is liposoluble and 

freely oxidised in the air. With respect to vitamin E, it was demonstrated that its absorption and 

bioavailability are increased when it is encapsulated in liposomes (Wang and Quinn, 2000). 

Experimental work for the addition of vitamin E was reported by Bujang et al. (2012). 

The researchers fortified pink guava juice with 225 mg L–1 vitamin E. Fortified beverage products 

were much preferred due to emulsion stability, colour stability and vitamin E content. 

Conclusion 
The consumption of fortified products helps to fight nutrient deficiencies which are the cause of many 

diseases. To have health-promoting effects, these minerals, vitamins, and fibre must be released during 

digestion (bio accessibility) and then absorbed in the human gut to reach systemic circulation 

(bioavailability). Combined efforts of various stakeholders are required to make viable measures for the 

use of the fortified product for a specified market and geographical area. 
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Disease is the harmful deviation of organ or organ system or tissues from the normal functioning in a living 

organism. Various biotic and abiotic stresses contribute to the incidence of diseases in plants. Development 

of successful management strategies is aided by the reliable disease diagnostic techniques. Among those 

techniques, chemo-diagnostic tests are being employed to identify the disease in current trend. Chemo-

diagnostic tests depends on the reaction between chemicals used and compounds present in the infected 

plants that results in the development of a visible colour reaction. Some of the widely used disease detection 

tests are as follows. 

Tests for Fungal Pathogens 
Seed washing test: 

a. Wheat seeds are soaked in 10% NaOH containing trypan blue @ 1 g/lit for 12-16 hours.  

b. The embryos are then separated from endosperm by passing the seeds through a series of sieves 

with different mesh size 

c. Then split seeds are boiled in alkali solution for 15 minutes.  

d. Embryos are washed and boiled in acetic acid (45-50%) for one minute.  

e. Then the embryos are examined under microscope for the presence of stained mycelium. 

Diseases: Loose smut of wheat. 

Tests for Bacterial Pathogens 
KOH test: 

a. Two drops of 3% KOH solution should be placed on a clean glass slide.  

b. Actively grown bacterial cells are transferred from culture media aseptically with a flat wooden 

tooth-pick and placed into the drop of KOH with rapid, circular agitation.  

c. After few seconds the tooth-pick is alternately raised and lowered just off the slide surface to 

detect a stringing effect.  

d. If drop viscosity increases and stringing occurs, within 15 seconds, then it is Gram- negative 

pathogenic bacterium.  

Note: Gram-positive bacteria disperse into the drop and do not show this reaction 

Gram’s staining test: 

a. Gram’s staining involves the use of primary stain (crystal violet), the trapping reagent (iodine 

solution), decolourising agent (95% alcohol) and counter stain (safranin or carbol-fuschin).  

b. The gram-positive cells stain purple and the gram-negative cells stain red. 

Detection of Phytoplasma and Spiroplasma 
Diene’s stain: 

a. Diene’s stain was prepared by dissolving 2.5 g of methylene blue, 1.25 g of azure II, 10 g of maltose 

and 0.25 g of sodium carbonate in 100 ml in distilled water.  

b. The stain was filtered through Whatman No. 1 filter paper and a different dilution (0.1-0.5%) was 

prepared in water.  

c. Sections of healthy and infected stems were cut by hand into distilled water, with a blade. The 

sections were transferred to stain for 10 minutes.  
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d. After being washed in distilled water, the sections were examined under a microscope.  

e. Dark blue colour is retained in the phloem cells of phytoplasma and spiroplasma infected plants.  

DAPI (4,6-diamidino-2-phenylindole) stain: 

a. Compression technique can be employed for the rapid detection of phytoplasma and spiroplasma.  

b. Excised leaf midrib sections are firmly compressed and crushed by a spatula.  

c. The vascular system is then removed with fine forceps and fixed in Karnovsky’s fixative for 20 

minutes.  

d. The vascular tissue, after rinsing in phosphate buffer for 5 minutes is placed into DAPI solution 

for 3-5 minutes.  

e. After staining, the tissue is mounted in a drop of DAPI solution on a glass slide and examined 

under fluorescence microscope. 

Karnovsky’s fixative: Mix 2 g of paraformaldehyde with 25 ml of distilled water in a flask. Heat to 60°C. 

When moisture forms on the side of flask, add few drops of 1M sodium hydroxide and stir until the solution 

clears. Cool solution under the faucet. Filter, add 5 ml of 50% glutaraldehyde and 20 ml of 0.2M cacodylate 

buffer, pH range 7.2 to 7.4. 

Tests for Plant Viruses 
Starch iodine lesion test: 

a. Starch iodine lesion test is based on the reduced photosynthetic activity and poor translocation of 

starch from infected tissues.  

b. Iodine solution was prepared by dissolving 2 g of Iodine, 6 g of potassium iodide in 100 ml of 

distilled water.  

c. The rice leaves are excised before sunrise and the cut ends of leaves are dipped into iodine solution.  

d. After 15 minutes, dark blue streaks appear in the infected leaves. 

e. Alternatively, tincture iodine 10 ml dissolved in 140 ml of water can be used for this test, but leaf 

should be dipped for one hour. 

Diseases: Rice tungro virus, Potato virus X and Tomato spotted wilt virus. 

Tetrazolium chloride test: 

a. Parenchymatous tissue sections of suckers, roots, daughter suckers, swollen buds, midribs and 

leaves are obtained from healthy or diseased plants.  

b. Excised sections are immersed in 1% solution of 2,3,5-triphenyl tetrazolium chloride 

c. Sections from diseased plant material turn brick-red in 1 to 1½ hours, while those obtained from 

healthy suckers remain colour less. 

Diseases: Banana bunchy top, Banana infectious chlorosis viruses, Indian cassava mosaic virus, Southern 

bean mosaic virus, Common bean mosaic virus, Bean pod mottle virus, Beet yellows, Beet curly top viruses 

and Tobacco mosaic virus. 

Test for Viroid 
Phloroglucinol test: 

a. The ray cells in the bark tissue of citrus infected by citrus exocortis viroid (CEVd) contain 

compounds that can react with aldehyde decoupling reagents such as phloroglucinol-concentrated 

HCl.  

b. The reaction leads to the development of characteristic colour which may be visible under the 

microscope.  

c. Cross sections of the bark are immersed in alcoholic phloroglucinol solution then treated with 

concentrated HCl for a few seconds.  

d. A positive colour reaction may be seen well before the onset of scaling of bark, which is the early 

visible symptom in CEVd-infected plants. 
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Introduction 
Nanotechnology is a hopeful field of interdisciplinary research. Nanotechnology is a new and innovative 

science that attracts researchers and scientists from various fields like agriculture, pesticides, 

pharmaceuticals, electronics etc. Nanotechnology can make available green and eco-friendly alternatives 

for insect pest management without damage the nature. The word "Nanotechnology" derived by Norio 

Taniguchi in 1974. The term ‘nanotechnology’ is based on the prefix ‘nano’ which is from the Greek word 

meaning ‘dwarf’. More precisely, the word ‘nano’ means 10−9 or one billionth part of a meter. 

Nanotechnology used in insect pest management predominantly through Nanopesticide formulations, 

Nanobiosensors for pesticide detection in insect system and Nanoparticle-mediated gene transfer. 

Nanopesticide Formulation 
The 90% of the applied pesticides are lost to the air during application and affecting both the environment 

and farmers cost.  To overcome this nanoformulations are developed for increase in pesticide efficiency. The 

plans of nanoformulations are generally common to other pesticide formulations and consist of: 

a. Increasing the obvious solubility of poorly soluble active ingredient. 

b. Releasing the active ingredient in a slow/targeted manner or protecting manner the active 

ingredient against premature degradation.   

Different nano formulations of nanopesticides are: 

1. Nanoemulsion: Nanoemulsions are prepared to increase the solubility, wettability and spreading 

capacity of pesticides. They consist of lipid or polymeric particles, size ranges from 20-200 nm. and have 

better pesticide delivery system and prevent the formation of precipitation. Eg: Nanoemulsion of Citronella 

oil 

2. Nanosuspension: Nanosuspensions are submicron colloidal dispersions of pure active compounds range 

from 50–500 nm. These are produced by homogenization or milling - mechanical forces and solvent-

diffusion methods. Development of effectiveness due to higher surface area and higher solubility. Eg: 

Novaluron nanosuspension. 

3. Nanoencapsulation: Nanoencapsulation of pesticides are used to minimize the doses and get maximum 

effect with more target-oriented action of the pesticides. Nanoencapsulation also reduces the contact of 

active ingredients with agricultural workers, Environmental safe - reducing run-off rates. Eg: Lambda-

Cyhalothrin  

4. Nanoparticles: Nanoparticles are useful because they provide new insecticides and insect repellent. 

Nanoparticles can also hold DNA and other desired chemicals into plant tissues for management of host 

plants against various insect pests. Nanoparticles associated with pesticides increased their activity to 

many folds by providing more weight capacity and controlled release patterns. Nano-silica particles that 

absorbs the lipids of insect cuticle and causing insect death by physical ways. Eg: Porous hollow silica 

nanoparticles of avermectin. 

5. Nanocapsules: Nanocapsules have shown slow release and slow degradation properties of active 

component for controlling plant diseases and insect-pests.  

Eg: Temephos and imidacloprid containing PEG (poly ethylene glycol) encapsulated nanopesticides are 

more active against larva of Culex quinquefasciatus (Southern house mosquito). PEG nanoparticles with 

essential oil extracted with Citrus reticulata and Geranium are effective against Blatella germanica. 
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6. Nanogels: Nanogels have been prepared for long term residual activity and favorable safety profiles. 

Eg:  Nano-gelled pheromone formulation for efficient management of Fruit flies (Bactrocera dorsalis). 

Nanobiosensors for Pesticide Detection 
The widespread use of various pesticides and their mixtures in the agricultural fields causes the multi 

residue retention problem in the environment. Bio sensors are used as analytical tool for mobility studies 

and pesticide residue determination. 

Nanoparticle-Mediated Gene Transfer 
This new technology is useful for the development of new insect resistant varieties. Therefore, it can also 

be concluded that nanotechnology can provide green and eco-friendly alternatives for insect pest 

management without harming the nature. 

Future Line of Work in Insect Science 
1. Development of devices to understand the complete physiology and behaviour of insects. 

2. Development of target specific nanopesticides. 

3. Tools of nanotechnology – to address urgent issues of environmental protection & pollution. 

Conclusion 
The nanotechnology has great potential in various areas of science. In near future the pest control to be 

done by the application of nanotechnology that is an ecofriendly way and is to be need of the research of 

the day Nanopesticide-based formulations have a potential and bright future for the development of more 

effective and safer pesticide/biopesticides. 
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Introduction 
In agriculture seed is the most basic and vital input in the agriculture and to reap the benefit of agriculture 

quality seed production is important. But increase in temperature poses several challenges for the 

continued production of high-quality seed and impact the seed industries because the seed industry is the 

cornerstone of global food security; food security depends on seed security. Seed has to passes through the 

reproductive system and elevated temperature have effect on sexual reproductive phase in plants for better 

seed production and quality. 

Effect of Increase in Temperature During Seed Production 
Pollinators: Pollinators will change their activity patterns as temperature increases because, at least for 

bees, the thermal properties of their environment determine the extent of their activity. Bees absorb heat    

at high temperatures and the time taken for thermoregulation comes at the cost of foraging, with a n 

negative consequence for pollination because of reduced efficiency of pollen removal and deposition. The 

effects of rising temperatures are more likely to be deleterious to pollinators in the tropics than to those at 

higher latitudes because the former is living in an environment already close to their optimal temperature 

while the latter has broader thermal tolerance and are currently living in cooler climates than their 

physiological optima. A warming environment may actually enhance the performance of insects living at 

higher latitude 

Genetic purity of cultivar: A critically important impact of climate change on seed production involves 

the potential loss of genetic quality in open-pollinated and F1 hybrid cultivars. Elevated temperature can 

induce changes in the sexuality in crop plants, including a breakdown in self-incompatibility or male 

sterility mechanisms. The breakdown of these genetic mechanisms results in self-pollination. As a 

consequence, the genetic integrity of the cultivar is lost and any seed produced will no longer be true-to-

type. 

Viability and Germination: High temperature during seed fining reduced seed weight, germination, and 

particularly vigor. The seed fill phase is characterized by expansion of cotyledonary cells owing to the 

synthesis and deposition of food reserves. The pattern of starch accumulation correlates well with 

cotyledonary cell expansion (i.e., seed development)—this starts from the inner layers and progresses 

outwards nutrients (such as sucrose) enter from the seed coat into transfer cells located in the outer 

epidermal region of the cotyledons by apoplastic diffusion, and are then transported symplastically to the 

cells where they are used for the synthesis of seed reserves high temperature increases membrane fluidity, 

induces membrane leakiness, and affects the relationship between integral protein and membranes 

impaired membrane integrity is a primary cause of low seed vigour high leakage 3 level from pea seeds is 

associated with an area of dead/deteriorated tissue on the abaxial surface of the cotyledons (Hill, 1991). 

Seed dormancy: Seed dormancy is one of the most important adaptive mechanisms in plants, which 

protects seeds from precocious germination in the presence of inappropriate conditions for growth 

continuation. Numerous environmental and molecular signals regulate seed dormancy. Maintenance or 

release of seed dormancy is dependent on light, temperature, and water availability. The precise response 

of seeds to environmental factors is mediated by different phytohormonal pathways. ABA is considered as 

the main phytohormone regulating seed dormancy induction and maintenance. ABA‐ and GA‐responsive 

components, ensure crosstalk between the GA and ABA pathways and enable seed response adequate to 

the environment. Phytohormonal regulation mechanism of seed dormancy is similar in dicot and monocot 

plants. Recently, it is suggested that other phytohormones, such as auxin, jasmonates, brassinosteroids, 
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and ethylene, also take part in seed dormancy regulation. Auxin regulators, enhance ABA action and 

positively influence seed dormancy. However, jasmonates, brassinosteroids, and ethylene reduce seed            

dormancy level. 

Conclusion 
Temperature fluctuations and variations in rainfall spells are a very crucial indicators of environmental 

stresses. Weather variations collectively have positive and negative outcomes but the negative effects are 

more thought-provoking. It is very difficult to overcome the imbalance in agriculture by climate change. 

How to tackle this problem and what strategies we should apply are still ambiguous. Hence, researchers 

need to focus on optimizing plant growth and development in abiotic stresses. For crop resistance against 

biotic and abiotic stresses, propagating novel cultural methods, implementing various cropping schemes, 

and different conventional and non-conventional approaches will be adopted to save agriculture in the 

future. 
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Introduction 
In agriculture seed is the most basic and vital input in the agriculture and to reap the benefit of agriculture 

quality seed production is important. But increase in temperature poses several challenges for the 

continued production of high-quality seed and impact the seed industries because the seed industry is the 

cornerstone of global food security; food security depends on seed security. Seed has to passes through the 

reproductive system and elevated temperature have effect on sexual reproductive phase in plants for better 

seed production and quality. 

What is Nutritional Disorder? 
When a plant lacks an important nutrient needed for growth, it is classified as nutrient deficient. Disorders 

of vegetable crops caused by deficiencies or toxicities of the elements essential for higher plants are 

described. Plants that are lacking in essential nutrients will not grow properly and exhibit a wide range of 

symptoms. 

Nutritional Disorders in Cauliflower 
Cauliflower is sensitive to several disorders which reduce the quality and yield of the produce. The major 

nutritional disorder of cauliflower is browning, whip tail, buttoning, hollow stem and chlorosis. 

1. Browning: It is also called red rot or brown rot. 

Symptoms: The deficiency of boron causes browning and acridness of curd with hollow stem. The 

symptoms can be seen after curd development. In the early stages water-soaked areas can be 

detected on the curd and stem surface. Leaf and on the curd’s surface, which later turn into rusty 

brown in color. Later the stem becomes hallow with water-soaked tissues covering internal walls of 

cavity. 

Nutritional Cause: Deficiency of Boron 

Management: 

i. Four spraying of 0.25 to 0.50% of borax solution @ of 1-2 kg/ha along with 0.1 % Teepol as 

sticker. 

ii. Spraying of 0.2 to 0.25 % boric acid or sodium borate before curd formation stage. 

2. Whiptail: No proper development of leaf blades and in severe deficiency only the midrib develops. This 

condition is called whiptail. 

Symptoms: In young plants chlorosis of leaf margins can be seen and whole leaves turns white. 

Leaves also become cupped and wither and eventually the leaf dies and the growing point also 

collapses. 

Nutritional Cause: Deficiency of Molybdenum 

Management: 

i. Application of lime or dolomite limestone to raise the soil pH up to 6.5. 

ii. Apply 1.0 kg of sodium or ammonium molybdate per hectare. 

iii. Spraying the plant with 0.1 % ammonium molybdate along with 0.1% Teepol as sticker. 

3. Buttoning: Development of small premature curds or buttons while the plants are young is known as 

buttoning. It is also referred as premature heading. 

Symptoms: Plants that develop buttons are small and small leaves that do not cover the developing 

head. Early stages of plant growth after formation of few numbers of leaves development of small 

white-coloured buttons or curds. 



 

 
Volume 04 - Issue 12 - December 2022       178 | P a g e  
 

Nutritional Cause: Deficiency of nitrogenous fertilizers in soil 

Management: 

i. Beware of some short-season, early-maturing varieties that lack a long vegetative period. 

ii. An adequate amount of nitrogen and water should be applied. 

4. Hollow stem: 

Symptoms: The symptoms can be seen in stem. The thick, fleshy centre of the stem splits and a 

cavity is formed. This cavity extends to both the ends to form opening to the outside environment. 

Nutritional Cause: Deficiency of Boron & Toxicity of Nitrogen 

Management: 

i. In boron deficient soils boron may be supplemented to cauliflower crop through foliar 

application. 

ii. Adopting close spacing and required amount of nitrogen or by spraying of 0.25 to 0.50% 

borax. 

5. Chlorosis: 

Symptoms: Symptom can be seen first on older leaves. Starts from the margin of the leaves and 

progresses towards the centre of the leaf. Veins become greenish white and in severe conditions 

necrotic spots can be seen. 

Nutritional Cause: Deficiency of Magnesium 

Management: This can be controlled by application of magnesium oxide @300kg/ha. 
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Nursery is the base for future development of Horticulture. Nursery can be a profitable venture only when 

it is thoroughly planned. Nursery depends on its physical resources as well as the financial resources. The 

physical resources include, land, water, labour and other supporting items such as transport, market 

communication facilities and availability of required technical know-how. Second resource is finance. The 

capital requirement of a nursery should be fulfilled sufficiently and timely. There are several sources for 

finance, like, the banks, co-operative societies, personal loans, Govt. subsidies etc. It must be remembered 

that none of the above suffice 100 per cent requirement. Even though the budgets are planned, it takes 

much time to get the money in hand. It is therefore very essential to know these two aspects thoroughly. 

Nurseries are highly labour-intensive. Although some processes have been mechanized and automated, 

others have not. It remains highly unlikely that all plants treated in the same way at the same time will 

arrive at the same condition together, so plant care requires observation, judgment and personal skill; 

selection for sale requires comparison and judgment. A high loss rate during maturation is accepted for the 

reduction in detailed plant maintenance costs. Nursery business is highly seasonal, concentrated in the 

winters and monsoon. The demand for the product is variable and is affected by temperature, drought, 

cheaper foreign competition, fashion, among other things. 

Physical Resources for Nursery 
Nursery like any other enterprise requires certain resources. The criteria for selection of products also 

depend on these resources. These resources thus play a very important role in determining the type of 

nursery enterprise. These physical resources are enlisted below,  

1. Land: Land is the basic and fundamental physical resource for plant nursery. The area available must 

be considered before planning the nursery and the products. Soil sample testing should be done to avoid 

problematic and unmanageable soils. Soil should be well drained, porous and light to medium in texture. 

Soil pH should be 6.5 – 7.5. Heavy, black cotton soil, sandy, ill drained and soils having high pH more than 

8 are strictly avoided. Low lying land should not be selected. The soils should be free from salts and other 

harmful elements. The selected site should be close to railway station or bus station. Wind breaks and 

shelter belts should be raised prior to planting nursery plants. 

2. Irrigation: Facilities Required land with sufficient and assured supply of irrigation is the most 

important basic resource. Quality of irrigation water should be at prescribed level. Harmful factors can be 

tested by water testing in laboratory. The pH and electrical conductivity (EC) of irrigation water should be 

tested. 

3. Labour: Labour is another important resource. Degree of mechanization must be considered before 

estimating the labour requirement. Skilled as well as unskilled man power is necessary for grafting, 

budding, weeding, irrigation, spraying, dusting, training, pruning, etc. Technically sound gardeners are 

also necessary. Labour should be available at reasonable rates. 

4. Electricity: The availability of power or electricity is also very important and is in accordance with the 

man power available. Load shedding should be minimum possible. Regular supply of electricity is very 

essential. Electricity is required for water pumps, spraying, dusting and many other operations. 

5. Road and Transport: Once the nursery stock is ready for sale, there should be good roads and transport 

facilities. These facilities are also required for timely importing of stock and other material for the nursery. 

 



 

 
Volume 04 - Issue 12 - December 2022       181 | P a g e  
 

6. Mother Plants: Mother plants are the most important factor for successful nursery. Separate planting 

of mother plants is necessary. Different varieties of mother plants are planted in different plots. Pests and 

diseases are controlled regularly by spraying pesticides and fungicides. Mother plants should be authentic 

and selected from Government nurseries or from Agricultural Universities. Mother plants should be 

selected very carefully as the sale of the nursery stock depends on the mother plants used for the 

propagation.  

7. Propagation Structures: Propagation structures are very essential for production of grafts or 

seedlings. They are useful for multiplication of grafts and seedlings. Hardening of plants is done with the 

help of propagation structures.  

8. Hedges and Compound: Thorny plants like Chilar (thorny creeper), golden duranta (thorny shrub), 

and agave are used as hedges in nurseries. Barbed wire fencing is also used. Hedges protect the nursery 

plants from wild and stray animals, theft, etc. They fix the borders of the nursery and are ornamental and 

decorative. 

9. Store and Office: Garden tools, implements, raw materials, insecticides, fungicides, manures, 

fertilizers, boards, polythene bags etc are stored in store house. An ideal nursery has at least one well 

managed office for keeping all registers, notebooks, information books and for instructing the team. The 

record of mother plants, progeny, Stock of plants, etc is preserved in office. 

Types of Plant Nursery 
Soil Nurseries grow plants for resale to landscapers and to the general public. A nursery can be a field 

nursery where plants are grown in the soil, a container nursery where all the plants are grown in pots or 

a greenhouse operation where the plants are grown in different types of growth media. The type of soil 

needed for nursery production will depend upon what and how you intend to grow. Growing media such as 

peat or bark are often used in container and greenhouse nurseries to reduce the pest and disease problems. 

1. Field Nursery Soil: Field nurseries mainly produce ornamental shrubs, fruit trees and perennial 

flowering plants. The type of soil needed for a field nursery needs to be fertile and well drained. The soil 

should cling to the roots of the plants well when the seedlings/grafts are transplanted and the root ball is 

covered with burlap for shipment. 

The top soil should be enriched with compost and manure to maintain fertility and soil structure. The root 

ball size should be kept as small as possible to minimize topsoil loss. Short duration cover crops may be 

taken on fallow areas to improve soil tilth by minimizing erosion. 

2. Container Nursery Soil: Container nurseries grow plants in containers. Some containers are pot-in-

pot where plant containers are placed in permanent ground containers called socket pots. These are usually 

used to grow trees or large shrubs. Smaller plants and shrubs are grown in pots above the ground. Good 

drainage is necessary for container grown plants. A mixture of sand, peat moss and aged hardwood bark is 

commonly used for pot mixture. Lime often needs to be added to the non-soil growth media to balance its 

ph. Additional nutrients and minerals such as sulphur may also be needed. 

3. Greenhouse Nursery Soil: A greenhouse nursery uses a combination of growing media to grow plants. 

In the greenhouse aeration and drainage are important considerations. Sand and organic growth media 

such as hammered bark and sphagnum peat moss provide good support for young plants without exposing 

them to the disease and pest risks found in top soil. 

Legal Authorizations for Starting Nursery Business 
A commercial nursery business requires a business license which is a rather lengthy process. In many cases 

zoning ordinances dictate possible uses for land. Normally, a nursery business would be considered an 

"agricultural use", but in some cases it may also be interpreted as “commercial", "agribusiness", or some 

other classification. Permits regarding establishment of greenhouses must be taken before erection of a 

green house, storage building or warehouse for storing materials and equipment required in a nursery. 

A nursery business may require a property hazard insurance, workmen's compensation if you have paid 

employees and general liability insurance if you expect visitors to your nursery. Nurseries in some areas 
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may have to fulfil the government agricultural inspection requirements as per the body governing the area. 

Permissions are also required from the local authorities for availing electricity, water and other facilities. 

Investigation of Potential Market for Plant Nursery 
Nurseries under Horticulture Board Development Programs sponsored by State Agricultural Departments, 

Medicinal Boards, etc. produce plants for home gardens, landscaping, reforestation, and other uses. It 

should be decided as to which type of plants the nursery would produce, like the container grown, bare root, 

or root called plants, etc. 

Production of sufficient quantities of good quality material in order to satisfy the customer needs is 

essential. While producing more than the requirement may lead to unsold surplus which may cause losses 

to the nursery unit.  Advertising is costly but effective in horticulture nursery business. Marketing and 

advertising strategies must be replanted to support each other and the business. 

Site Selection for a Nursery The site land should be suitable for nursery purpose. It must be laid out 

appropriately. It is also necessary for the site to have a good access for customers to reach the nursery. 

Some Other Resources Required 
1. Seeds/Seedlings/Saplings/Budlings: The best quality pure planting materials are brought from 

authorized and well-known sources.  

2. Containers: This may simply be "peat cups" for seasonal vegetable or flower nurseries, or plastic pots 

and containers for growing potted shrubs and ornamental trees.  

3. Landscape Fabric, Mulch, and Soil Conditioners: These resources are also required in nursery 

business and made available by registered stores.  

4. Equipment and Implements: The various equipment’s and implements are required in a horticultural 

nursery. These may be bullock-drawn; man-operated or powerdriven. One should not depend on a single 

type of power. Small tractors with suitable trolleys, spray pumps, dusters, sprinklers, cranes, etc are very 

useful in nursery operations. These facilities can be bought, borrowed or hired on contract as and when 

needed. But the hiring, borrowing and sale agencies should be nearby and reliable.  

5. Education and Knowledge: Educating oneself about the local growing conditions and the probable 

problems which may come up in the future must be considered and taken care of prior to venturing into 

the nursery enterprise. Interactions with the local landscapers and entrepreneurs could help to find out 

what items are in demand in the specific area. There are "staple" plant products commonly used in an area. 

Financial Resources for Nursery - Bank Loans 
Terms and conditions differ from bank to bank: State to state and again the procedure for release of 

first instalment is delayed. This may put the nursery unit in loss or trouble. Financial Resources from 

Government National Horticulture Mission (NHM) started in 2005 in India with an objective to establish 

ideal nurseries for production of genetically pure plant materials. Nurseries in the public sectors (on 

government establishments) are entitled to get 100 per cent subsidies on expenditure.  

The nurseries in the private sector get a subsidy of 50 per cent on their expenditures. There are two types 

of nurseries based on their sizes. Big nurseries are those with size of 1 hectare area. Such nurseries are 

entitled to receive financial assistance up to 30 Lakh as subsidy. The small nurseries with size of 1 Acre 

are entitled for a subsidy up to 18 Lakhs. The subsidies are given as per the bank loans sanctioned. 

Financial Resources from Nationalized Banks: There are different schemes under National 

Horticulture Mission for establishment of horticulture nurseries:  

a. Development of Orchard with Tools and Implements  

b. Establishment of New Orchards  

c. Sources of Irrigation Facilities  

d. Controlled Farming  

e. Integrated Pest Management/ Integrated Disease Management  

f. Organic Farming  

g. Human Resource Development  

h. practical on Technology  
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i. Honey Bee Keeping  

j. Post-Harvest Handling of Fruits and Vegetables.  

k. Self-Employment Program. 

Financial Resources from Private Sector: There are various private financing institutes funding the 

establishment of horticultural nurseries. Private Credit Co-operative Societies also extend loan facilities to 

nurseries. 
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Introduction 
Tropical apples or hot weather apples (Malus x domestica Borkh.) do not require cold temperatures to bear 

fruit, unlike their cold-weather cousins. The quality of development of flowering under hot weather   allows 

them to thrive and exist in subtropical and tropical conditions where summer temperature is below 40.0 0C. 

The apple tree originated in central Asia, near Turkey. It is a deciduous tree in the rosaceous family that 

is widely cultivated as a fruit tree around the world. Apples have been cultivated for thousands of years in 

Asia and Europe. Apples are a very nutrient-dense food, containing a variety of phytochemicals including 

flavonoids (catechins, flavanols, and quercetin), which act as antioxidants, and other phenolic compounds 

(epicatechin and procyanidins), which are essential for metabolic process of cell. Previously, H.P. was the 

only place in the area where low chill apples were grown. Low chill apple cultivation has also spread to 

Arunachal Pradesh, Sikkim, Nagaland, and Meghalaya in the north-eastern region, as well as the Nilgiri 

Mountains in Tamil Nadu. It has a land area of 301.04 million hectares and an annual production of 

2326.90 MT in India (Anonymous a, 2018). However, with the development of some fascinating new low-

chill varieties (Table-1), it is now possible to cultivate apples in hot climates. Temperate fruit production 

has increased significantly in the regions with mild winters (Damian et al., 2016). By introducing and 

choosing more adaptable varieties based on their fewer chilling needs, fruit yield and quality have 

gradually increased in tropical highlands. According to Abhayne (2015), using chill models to measure chill 

accumulation during the winter months would aid in classifying the environment (potential growing areas) 

based on the number of chill hours that existed in that location. This would fill in the current knowledge 

gap regarding cultivar-environment interactions.   Recent erratic winter chilling in some apple-growing 

regions has raised serious concerns about the region's ability to sustain temperate crop production, 

particularly in apple production (Pramanik et al., 2017). The successful cultivation of low chill cultivars, 

particularly in marginal areas with insufficient chilling hours, has opened up new opportunities.  For 

attempting to cultivate these low chill cultivars due to weather vagaries, the most notable of which is 

fluctuating temperature during the winter.  

In this article, we compare a few of the best hot weather apple cultivars that are even grown   in tropical 

India. Low-chilling varieties of apples require around 300 hrs of chilling temperature (Lata et al., 2022) 

during winter. On the other hand, hot weather apples require about 0-200 hours of chilling temperature 

for growth and development. These apples however do not produce quality fruits in subtropical and tropical 

climates (Matta, 2000) as compared to cold climates.  There is a potential for increased production in 

regions with mild to light winters, such as the Nilgiri Mountains and NEH region and various mountain 

and foothills and plateau areas with ultra-low chill apple cultivars. 

Features of Hot Weather Apples 
To bloom and bear fruit, the ultra-low chill apple variety requires approximately 0-200 hours of chilling 

(below 7.0 0C); some varieties even need 250 chilling hours.  All these are apple cultivars with low chilling 

requirements for warmer climates. The use of a dormancy-breaking chemical, such as thio-urea 2-3%, often 

results in normal flowering in ultra-low chill apples. It can reach the bearing stage within 2-3 years after 

transplanting and grow well in an environment even with a maximum temperature of 40.00C for tropical 

(condition). Apples are generally grown in well drained loamy soil with slight acid pH (6.4-67). For growth 

and development plant needs N:P:K@100:50:180 kg/ha and FYM 20-30kg/plant for high density [500-600 

plants/ha (Spacing: 4-4.5m x 4-4.5m)] planting. For high density planting, training and pruning of plants 

are essential.  Central leader, V-trellis and Y-trellis training are very effective for high density dwarf apple 

plantation. Removal of 50 % new shoots must be done in the form of pruning in the initial 6-7 years for 

spur formation. Sharma (2014) observed that the treatment consisting of ¼ heading back and thinning out 
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followed by ½ heading back and thinning out resulted in higher yield, optimum growth and fruit quality of 

Starking Delicious apple in Himachal Pradesh.  Apples are cross pollinated crops and essentially need 

pollinizers for better fruit set and yield (Jana, 2001). Two self-fruitful cultivars are Anna and Dorsett 

Golden and later is also a good pollinizer. After all, apple trees don't all require mountains to thrive. In 

low-altitude cities like Mumbai, Pune, Bengaluru and Ranchi, some can survive just fine on balconies or 

private gardens or in living premises. Some important hot weather apple cultivars are described below.   

Anna: Anna apple was first developed in Israel during 1965. Anna apples, which are delectably crisp right 

off the tree and have a lovely rose blush (Fig-1), might be the hardy type you need to add to your southern 

backyard orchard. The ideal apple for warmer climates is Anna, a Golden Delicious-style apple with an 

early harvest period and hardiness from subtropical areas of India. Annas are simple to incorporate into 

your southern home garden or miniature orchard, whether you are an experienced fruit producer or are 

new to growing apples.  

Auvil Early Fuji: The Auvil Early Fuji was patented in 1997 and introduced for commercial cultivation 

in 1999 in the USA. Early Fuji apples have all of the positive merits of the Fuji apple, but they mature five 

to six weeks earlier than the original variety; so by mid-September in most areas you are able to pick fully 

mature, beautiful red apples.  Early Fuji apples are large and round. The skin is mostly red, with small 

patches of golden yellow blush and light vertical striations. It has good yield potential (17.71 t/ha), earliness 

and better fruit quality within their respective groups. It is recommended for cultivation in sub-temperate 

conditions of Himachal Pradesh. 

Dorsett Golden: The Dorsett Golden apple was first developed in the Bahamas during 1964. The Dorsett 

Golden apple is one of the few low-chill apple cultivars to take into account that grows well in tropical 

environments in India. Dorsett Golden apple crops are adored for their high fruit yield, stunning yellow 

green colour (Fig-2), and exquisite light crisp taste. This is also an excellent pollinizer for other ultra-low 

chill apple varieties.  

HRMN-99: It was developed by Himachal farmer, Shri Hariman Sharma in 2001. It is bigger in size as 

compared to other varieties, with very soft, sweet, and juicy pulp and striped, red over yellow skin colour 

during maturity (Anonymous b, 2021) (Fig-3). Grows well at a low altitude at 1800 feet above the sea level 

and does not require chilling hours.  It is an early season variety and bears fruit after 3 years of plantation. 

A well-maintained 7-year-old tree yields approximately 1.0 q fruits. 

Tropical Beauty: Tropical Beauty   apple was first developed in South Africa during 1930. Due to the 

cultivars' low chill hour requirements, this dessert apple is ideally suited for tropical climates. The fruit is 

round and conical in shape, with angular, ribbed sides. On the sun-exposed face, the base colour is greenish 

yellow, with a dark red wash over it (Fig-4). It is ideal for the Himalayan foothills. This variety needs 100 

chill hours for flowering. 

Disease and Pest Management 
Pests and diseases in apples cause heavy losses of 30-40% while also impairing their quality; therefore, 

effective management is the most important component for increasing production and productivity of 

quality apples. For the successful management of insect pests and diseases in apples, an integrated 

approach that includes cultural, mechanical, biological, and chemical methods is needed. 

San Jose scale: This pest attacks all plant parts above ground, forming dense colonies on branches, 

trunks, stems, and spurs. Fruits and twigs are frequently encircled by reddish or pinkish rings. Single 

application of fenitrothion 50% EC (0.05%), chlorpyrifos, or Dimethoate 30% EC (0.03%) at the first crawler 

emergence stage in May was recommended for effective control. 

Woolly aphid: This purplish aphid has white cottony masses covering its branches, twigs, and main roots 

below ground. Dip plants in 0.04% chlorpyrifos solution around the tree but away from the base, and spray 

aerial parts of bearing trees with 0.03% dimethoate 30% EC, or monocrotophos 36% SL during spring 

(March-April) and again during summer (June-July), is very effective.   

Fire blight and bacterial canker: One of the most destructive bacterial diseases for apples, fire blight 

is brought on by the necrogenic Gram-negative bacterium Erwinia amylovora. The pathogen enters the 

plant through wounds on the succulent aerial parts of the plant or through natural openings like 
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nectarthodes. The three main parts of managing fire blight are prevention, reduction, and eradication. 

Selecting orchard locations with unfavourable weather for bacterial growth, using the right fertilization 

and irrigation techniques, pruning trees appropriately, and avoiding off-season blooming can all 

significantly slow the spread of the disease and lower the likelihood of pathogens appearing. The most 

frequently used bactericides in this situation are copper compounds and antibiotics. Spraying bactericides 

with a copper base while buds are growing is a moderately successful preventative measure. A protective 

spray of copper-oxy-chloride, before flowering and after summer pruning is effective to decimate the 

pathogen. Application of streptomycin 75-100 ppm along with   copper oxy-chloride 50% WP (500gms in 

200 litre of water per acre) is recommended to control fire blight in warmer areas. 

Apple scab (Venturia inaequalis): On the leaves, dark velvety patches and corky spots appear. Twigs 

and fruits that give the velvety appearance resulting in drop fruits and leaves and ultimately, this reduces 

crop yield, Gardeners should prune off infected leaves, twigs and even small beaches affected by the pest. 

Application of systemic insecticides like Bavistin 0.1% or Topsin-M @ 0.2% at regular intervals during 

disease occurrence completely controls this pathogen. 

Conclusion 
Anna is a self-fruitful and very promising variety under subtropical and tropical environmental conditions. 

Dorsett Golden is another promising variety and it also may be used as pollinizer. Mixed planting of hot 

weather apple cultivars with Dorsett Golden may be fruitful. The cultivation of ultra-low chill apple 

cultivars in small orchards is not a distant dream.  It is now cultivated in some pockets of foothills of 

Himalayas as well as in living premises of different hills and plateau areas of India. Tropical Beauty and 

Auvil Early Fuji are promising new introductions as very low chill varieties that could be fruitful to lower 

hill and plateau areas. 
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Table-1: Different hot weather apples and their origin: 

SL No Cultivars Year    Country Description 

1 Anna 1965 Israel 

 

(Ein Shemer 

Kibbutz) 

  The huge fruit has a yellow-green exterior with a delicate 

red blush on it. It has lovely creamy white, firm, juicy 

flesh with moderate, sweet-tart flavour. Anna is very chill 

cultivars cultivated in the different warmer regions of the 

world successfully. 

2. Auvil 

Early 

Fuji 

1997 USA 

 

(Washington) 

Early Fuji apples are large and round. The skin is mostly 

red, with small patches of golden yellow blush and light 

vertical striations. The flesh of the Early Fuji is white to 

cream-colored, dense, and crisp.  The unique taste of Auvil 

https://dst.gov.in/low-chilling-apple-variety-developed-himachal-farmer-spreads-far-wide
https://dst.gov.in/low-chilling-apple-variety-developed-himachal-farmer-spreads-far-wide
https://www.sciencedirect.com/journal/scientia-horticulturae
https://www.sciencedirect.com/journal/scientia-horticulturae/vol/199/suppl/C
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Early Fuji is complex in flavour, low in acidity, and very 

sweet with honey and citrus notes. 

3. Dorsett 

Golden  

1964 Bahamas  

(Nassau, 

New 

Providence 

Island) 

Dorsett Golden is remarking on its yellow golden colour. 

However, it sometimes has a pink flush even on a large 

surface, which only enhances its attraction and beauty. It is 

mainly used for fresh eating, having a very good texture and 

sweet flavor. It harvests at early season and like other early 

season cultivars. 

4. HRMN-99 2001 India 

(Himachal 

Pradesh) 

 

It is a self-pollinating apple variety that does not require 

long chilling hours for flowering and fruit setting. It is 

bigger in size as compared to other varieties, with very soft, 

sweet, and juicy pulp and often striped red over yellow skin 

colour at maturity. 

5. Tropical 

Beauty 

1930 South Africa 

(Maidstone) 

Tree vigour is medium, precocious and early bearing 

variety. Size of the fruit is medium. Fruiting occurs in the 

mid-autumn season and fruit colour is red with yellow flesh. 

It is a self-fertile variety. This dessert apple is highly 

suitable for tropical conditions, requiring less than 100 chill 

hours of dormancy. 

Plates 1-4:  Different popular hot weather apples in India: 

  
Fig-1:  Anna  Apple Fig-2: Dorsett Golden 

 
 

Fig-3: HRMN-99 (Internet source) Fig-4:  Tropical Beauty (Internet source) 
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Abstract 
Hibiscus rosa-sinensis commonly known as China rose contained various beneficial bioactive compound 

like tannins, anthraquinones, quinines, phenols, flavanoides, alkaloids, terpenoids, saponins, cardiac 

glycosides, protein, free amino acids, carbohydrates, reducing sugars, mucilage, essential oils, and steroids, 

according to the phytochemical examination. Past numerous pharmacological researches have revealed 

that H. rosa-sinensis had a wide range of beneficial effects such as antidiabetic, fibrinolytic, hypolipidemic, 

antioxidant, anti-inflammatory, antipyretic, analgesic, immuno-modulatory, anticonvulsant, 

antidepressant, memory enhancement, dermatological, antimicrobial, anti-parasitic, urinary, hepato-

protective, neuro-protective, this article is an attempt to review and re-summarize the chemical 

components, pharmacological effects and therapeutic potential of H. rosa-sinensis. 

Keywords: Hibiscus rosa sinensis, Bioactive compounds, Therapeutic and pharmacological value. 

Introduction 
Hibiscus rosa sinensis belongs to family Malvaceae is a popular evergreen shrub found in tropical and sub-

tropical region of world, also known as the red flower. It is a powerful medicinal herb that is used in 

traditional medicine ‘zhujin’ in China. H. rosa-sinensis Linn is a plant species that is indigenous to China 

and India.         

Herbal or natural plants were used as traditional medicine and folk remedies since they have been shown 

to be more effective in treating health issues around the world. In the near future, H. rosa sinensis will 

undoubtedly become a significant player in the expanding market for herbal health supplements and 

medications, both for use in everyday self-care and in professionally managed health care systems. 

Table 1: The taxonomic classification of H. Rosa Sinensis: 

Kingdom  Plantae  

Class  Magnoliopsida  

Phylum  Spermatophyta 

Subphylum Angiospermae 

Order Malvales 

Family  Malvaceae  

Genus  Hibiscus 

 Species  Rosa Sinensis 

The composition of this plant extremely valuable in terms of nutrition and medicine. Anthocyanin is 

abundant in the flowers. H. rosa sinensis flowers can be eaten raw or cooked in some areas. They can also 

be used as a substitute for spinach, have edible roots, lack much flavour, and are mucilaginous and fibrous. 

They can also be used as a dye to provide color to preserved fruits and cooked vegetables. The plant hibiscus 

is used in Ayurvedic medicine to treat colds, wounds, irritated and/or injured tissue, and to repair the 

integument etc.  

Table 2: Vernacular names of H. Rosa Sinensis in India: 

English  Shoe-flower plant, Chinese Hibiscus. 

Hindi Jasut, Jasum, Java, Odhul, Gurhal, Arahul. 

Marathi Jasavanda, Jassvandi. 

Sanskrit Japa, Java, Rudrapuspa, Aundrapuspa, Trisandhya. 
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Bengali Joba, Jiwa, Oru. 

Gujrati Jasvua, Jasunt. 

Kannad Dasavala 

Malayalam Himbarathi, Ayamparatti, Chebarathi. 

 Oriya Mondaro. 

Punjabi Jasum, Jaipushpa, Gurhal 

Tamil Sapattuu, Semparutti 

Telegu Dasanamu, Dasana, Mandarapuvvu. 

Assam Joba. 

Pers. Angara-hind 

 

   
(a) (b) (c) 

Figure 1: Hibiscus rosa-sinensis (a) Whole plant; (b) Leaves; (c) Flower 

Traditional Uses 
H. rosa sinensis was used traditionally used as therapeutic agent for different aliments since last few 

decades as the whole plant possess therapeutic properties. Roots and leaves had analgesic and 

emmenagogue properties. They were employed to control menstruation and increase blood flow. 

Additionally, leaves were employed as an abortifacient and to encourage the placenta's evacuation following 

childbirth. In addition to being employed as an aphrodisiac and an abortifacient, flowers have also been 

used to treat stomach pain, eye issues, high blood pressure, liver illnesses, and high blood pressure as an 

antitussive. Flowers and young leaves were used to treat headaches. Treatments for arthritis, boils, and 

coughs all benefited from the decoction of leaves, roots, and fruits. Fruits were applied topically to treat 

bruises, wounds, and ulcers. In the traditional medicine of the Cook Islands, Haiti, Japan, and Mexico, the 

leaves of H. rosa-sinensis were used to cure dysentery and diarrhoea, to encourage the draining of 

abscesses, and as an analgesic. Leprosy, bronchial catarrh, diabetes, and epilepsy have all been treated 

with the plant's flowers. The flowers are said to have beneficial benefits on heart conditions according to 

ancient Indian medical texts. 

Table 3: Proximate compositions of leaves of extract of H. rosa sinensis: 

Content   Composition in % 

Carbohydrate 31.66 

Protein  7.01 

Lipid  9.60 

Fibre  3.99 

Ash  3.07 

Pharmaceutical Properties 
Hibiscus rosa-sinensis extracts have a wide range of bioactive properties and pharmacological effects, 

including analgesic, antidepressant, anticancer, antidiarrheal, antihypertensive, anti-inflammatory, 

antimicrobial, antipyretic, antiulcer, anxiolytic, chemo-preventive, hepato-protective, non-toxicity, and 

wound healing properties. 
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Anti-diabetic effect: H. rosa-sinensis shows antidiabetic efficacy when aqueous ethanolic extract was 

given to streptozotocin-induced diabetic rats. Diabetes-prone rats were given an oral dose of 500 mg/kg of 

an aqueous extract of H. rosa-sinensis for 4 weeks. Blood sugar, urea, uric acid, and creatinine levels were 

significantly reduced, but insulin, C-peptide, albumin, and the albumin/globulin ratio were all increased, 

and all marker enzymes were brought back to levels that were close to normal. So, in rats with 

streptozotocin-induced diabetes mellitus, H. rosa-sinensis extract reduced liver and kidney damage and 

had an anti-hyperglycemia effect. 

Patients with type II diabetes were investigated to determine the antidiabetic effects of H. rosa-sinensis 

flower powder. Mean fasting blood sugar, postprandial blood sugar, mean glycosylated hemoglobin, and 

mean total cholesterol, triglyceride level, total LDL and total VLDL cholesterol levels all considerably 

decreased after taking 2g of H. rosa-sinensis flower powder daily for 60 days. 

Anti-hyperlipidemic effect: In rats with diabetes caused by alloxan, the hypolipidemic effect of H. rosa-

sinensis flower extract was investigated. Flowers extract administered orally in doses of 50, 100, and 200 

mg/kg significantly improved the dyslipidemia caused by diabetes mellitus, as evidenced by decreased 

levels of total cholesterol, triglycerides, VLDL, and LDL and significantly higher levels of HDL. In rat 

models of hyperlipidemia produced by triton and cholesterol-rich high fat diets (HFD), the hypolipidemic 

efficacy of H. rosa-sinensis root extract was investigated. As measured by the reversal of plasma levels of 

total cholesterol (TC), phospholipids (PL), and triglycerides (TG), as well as the reactivation of post-heparin 

lipolytic activity (PHLA) of plasma in the triton model, root extract (500 mg/kg, bw/day orally), possessed 

a lipid-lowering impact. In a cholesterol-rich high fat diet paradigm, the root extract for 30 days also 

reduced lipid levels in plasma and liver homogenate and reactivated plasma PHLA and hepatic total 

lipoprotein lipase activity. 

Antifertility Effect: In rats, the benzene extract of H. rosa sinensis flowers had an antifertility effect. At 

birth, the ethanol extract had a favourable influence on the sex ratio in favour of male pups. Winter-

collected flowers had the strongest post-coital antifertility effects. Human females were given a dose of 

750.0 mg/person of an ethanol [95%] extract of dried flowers, which was effective from the seventh through 

the 22nd day of the menstrual cycle, the dose was divided and taken three times per day. The test group 

consisted of twenty-one women between the ages of 15 and 35. Seven of the ladies stopped receiving the 

medication. Three of the seven ladies stopped their medical care as a result of unrelated illnesses. No 

pregnancies have developed in the 14 women after up to 20 months. 

Anti-inflammatory Activity: Ethanol [70%] extract of dried leaves, administered intraperitoneally to 

rats at a dose of 100.0 mg / k 

g, was active vs carragenin-induced pedal edema. 

Analgesic Activity: Ethanol [70 %] extract of dried leaves, administered orally to mice at a dose of 125.0 

mg /kg, was active vs. inhibition of aconitine-induced writhing. 

Antispasmodic Activity: Ethanol / Water [1:1] extract of the aerial parts was active on guinea pig ileum 

vs. Ach and histamine induced spasms. 

Antifungal Activity: Ethanol / Water [50%] extract of dried leaves was active on Rhizoctonia solani. 

Mycelial inhibition was 34.50% 

Antiviral Activity: Ethanol [80%] extract of freeze-dried plant, in cell culture at variable concentrations, 

was equivocal on coxsackie B2 virus, measles virus and polio-virus I, and inactive on adenovirus, Herpes 

virus type I and semlickiforest virus vs. plaque inhibition. 

Hair Growth Activity: Petroleum ether extract of leaves and flowers of H. rosa sinensis was evaluated 

for its potential on hair growth by in vivo and in vitro methods. The leaf extract when compared to flower 

extract, exhibits more potency on hair growth. 

CNS depressant Activity: Ethanol / Water [1:1] extract of the aerial parts, administered 

intraperitoneally to mice at a dose of 500.0 mg /kg, was active. 

Antipyretic Activity: Ethanol [70%] extract of dried leaves, administered intraperitoneally to rats at a 

dose of 100.0 mg / kg, was active vs. brewer’s yeast induced pyrexia. Ethanol / Water [1:1] extract of the 

aerial parts, administered intraperitoneally to mice at a dose of 500.0 mg /kg, was active. 
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Antispasmodic Activity: Ethanol / Water [1:1] extract of the aerial parts was active on guinea pig ileum 

vs. Ach and histamine induced spasms. 

Antiestrogenic Activity: Studies with the total benzene extract of H. rosa sinensis flowers revealed 

antiestrogenic activity in bilaterally ovariectomized immature albino rats. It disrupts the estrous cycle in 

rats, depending on the dose and duration of treatment. 

Conclusion 
H. rosa sinensis is readily accessible and used by natural health professionals for contraception, reducing 

uterine bleeding, menorrhagia, venereal infections, cough, fever, and as a refrigerant and vitalizer in 

palpitation. The pharmacological and clinical investigations mentioned in the current study prove to H. 

rosa sinensis' therapeutic benefits. It is a significant source of many different types of chemicals with 

different chemical structures and pharmacological properties. The plant may serve as a "lead" for the 

development of innovative drugs with high efficacy in treating a variety of ailments in the coming years 

because of the presence of such a diverse spectrum of active compounds. 
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Introduction 
Farm mechanization is the application of engineering and technology in agricultural operations to do a 

farm job in a better way to improve the productivity of land and labour. Farm mechanization does not mean 

the use of big machines and tractors for farming work. It refers to the most efficient use of available power 

on the farm and it is a need-based process which provides sufficient time gap for self-adjustment of various 

inputs.  

Present level of power input is 1.15 kW/ha. There is need to increase the above value to 2.25 to 2.5 kW/ha 

to match the productivity levels of Asia and the World. Japan has maximum power input in the world: 5.0 

kW/ha. USA and UK: 3 times that of India average power input. Punjab has maximum power input in 

India: 3.75 kW/ha followed by Haryana: 3.0 kW/ha. Tamil Nadu and Karnataka have power input of 1.40 

and 0.50 kW/ha, respectively. 

Benefits of Farm Mechanization 
Timeliness operation, precision operation, reduction of drudgery, more safety, reduction of loss of crop and 

food, saving of labour, increased land productivity, increased economic returns to farmers, improved dignity 

of farmers and progress and prosperity in rural areas are as presented in Figure 1. 

 

Level of Farm Mechanization in India 
In Table 1, the level of farm mechanization is given with respect to agricultural operations undertaken for 

cultivation of crops. 

Table 1: Level of farm mechanization in India: 

Sl. No.  Operations  Percentage  

1 Tillage 
 

 
Tractor drawn 

Animal drawn 

15.60 

24.70 

2 Sowing with seed /seed cum fertilizer drill 
 

 
Tractor drawn 

Animal drawn 

8.30 

20.60 
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3 Plant protection  44.20 

4 Irrigation  47.00 

5 Harvesting 
 

 
Reaper 

Combine 

10.56 

35.37 

6 Threshing 
 

 
Paddy 

Ragi, wheat and others 

47.80 

20.40 

Future Strategies 
1. Location specific and crop specific technologies. 

2. Mechanization of rice, cotton, sugarcane, plantation crops, horticulture, agro-forestry and aqua-culture. 

3. Green House and surface covered cultivation including application of microprocessors and computers in 

agriculture. 

4. Multifunctional equipment for conservation of energy and turnaround time. 

5. Occupational Health Hazards and Safety including gender issues. 

Conclusion 
1. Indian farmers have adopted mechanization inputs especially, irrigation, tractor, and threshing. 

2. Custom Hiring of mechanization inputs is getting popular for which high-capacity machines need to be 

developed. 

3. Agriculture Service Centres need to be developed in rural areas for marketing and service supports of 

inputs including engineering inputs. 

4. Quality of machines need to be improved through material selection and manufacturing. 

5. The R&D institutions need to develop crop and location specific agricultural machinery to promote rapid 

mechanization. 
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Abstract 
Agriculture is the backbone of an economy, providing basic ingredients to mankind as well as raw materials 

for industrialization. The agricultural sector plays a critical role in a country's economic development. It 

has already made a significant contribution to advanced countries' economic prosperity, and its role in the 

economic development of less developed countries is critical. According to Ministry of Statistics and 

Programme implementation, in the year 2020-21, agriculture sector contributed 20.19 percent to Indian 

gross domestic product while industry and service sector contribution was 25.92 and 53.89 per cent 

respectively. The first type of agricultural contribution to a country's economic growth is product growth 

within the sector itself. Importance of agriculture to economy is creating employment, source of food supply, 

capital formation contribution, supply raw material to agro-based industries, source of industrial product 

market, creation of infrastructure, improving rural welfare. 

Keywords: agriculture, economy, industrialization, significant, rural. 

Introduction 
Prior to the Green Revolution, agriculture was widely regarded as a stagnant, low-productivity, and 

residual industry that could be pillaged for labour and capital for use in industry. However, the dynamism 

of the Green Revolution swept that viewpoint aside in the late 1960s. Agriculture came to be viewed as a 

potential growth sector that could produce more food and raw materials at lower costs, free up foreign 

exchange for strategic industrial and capital goods imports, provide increasing capital and labour for 

industrial development, with rising rural incomes create a growing domestic market for emerging national 

industries (Hazell and Diao (2005). Agriculture is the backbone of an economy, providing basic ingredients 

to mankind as well as raw materials for industrialization. The agricultural sector plays a critical role in a 

country's economic development. It has already made a significant contribution to advanced countries' 

economic prosperity, and its role in the economic development of less developed countries is critical. In 

other words, where per capita real income is low, agriculture and other primary industries are prioritised. 

(Praburaj et al. 2018) 

Agricultural development is an essential condition for economic growth in India. Agriculture and allied 

activities contribute about 20.19 percent to the national gross domestic product. 

Level of Farm Mechanization in India 
In Table 1, the level of farm mechanization is given with respect to agricultural operations undertaken for 

cultivation of crops. 

Table 1: Level of farm mechanization in India: 

 
 

 

  

Agriculture Industry Services 
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Sector Wise GDP in India Based on Current Prices 

(Ministry of Statistics and Programme Implementation, 2020-21)  

According to Ministry of Statistics and Programme implementation, in the year 2020-21, agriculture sector 

contributed 20.19 percent to Indian gross domestic product while industry and service sector contribution 

was 25.92 and 53.89 per cent respectively. 

Contribution of Agriculture to Economic Growth 
Simon Kuznets identifies four possible types of contribution that the agricultural sector is capable of 

making for overall economic development.  

1. Product contribution, i.e., making available food and raw materials. 

2. Market contribution, i.e., providing the market for producer goods and consumer goods produced in the 

non-agricultural sector.  

3. Factor contribution, i.e., making available labor and capital to the non-agricultural sector.  

4. Foreign Exchange contribution. 

The first type of agricultural contribution to a country's economic growth is product growth within the 

sector itself. An increase in agriculture's net output represents an increase in the country's product, because 

the latter is the sum of the increases in the net products of the various sectors. This type, which we can call 

the product contribution, can be examined briefly—first as a contribution to the growth of total net or gross 

product, and then as a contribution to the growth of product per capita. When a given sector creates 

opportunities for other sectors to emerge, or when the economy as a whole participates in international 

trade and other international economic flows, it contributes to the economy. This contribution is designated 

as a market type because the given sector provides such opportunities by offering a portion of its product 

on domestic or foreign markets in exchange for goods produced by other sectors, either at home or abroad. 

Thus, agriculture contributes to economic growth by (a) purchasing some production items from other 

sectors at home or abroad; and (b) selling some of its product to pay for the purchases of producer’s goods 

as well as to purchase consumer goods from other sectors or from abroad, or to dispose of the product in 

any way other than consumption within the sector. In all of these ways, agriculture enables other sectors 

of the economy to emerge and grow, as well as international flows to develop; similarly, these other sectors 

and international flows enable agriculture to operate more efficiently as a producing unit and use its 

product more effectively as a consuming unit. (Kuznets, S. (1961). 

 

Importance of Agriculture to Economy 
1. Creating Employment: Agriculture provides a large number of job opportunities for rural people in 

underdeveloped and developing countries. It is a significant source of income. Non-agricultural jobs for 

landless workers and marginal farmers include handicrafts, furniture, textiles, leather, metal work, 
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processing industries, and other service sectors. These rural units only meet local needs. In India, about 50 

per cent of population earns their living through agriculture sector. 

2. Source of food supply: Agriculture is the primary source of food for all countries around the world, 

whether underdeveloped, developing, or developed. The demand for food is rapidly increasing as a result of 

the high population pressures and rapid growth in underdeveloped and developing countries. Raising food 

supply through the agricultural sector is thus critical for a country's economic growth. Although there is a 

continuous increase in food production but there is a huge demand for food in economies such as India due 

to excessive population growth and labour surpluses. Food consumption in various countries is quite low; 

however, as food consumption rises, demand rises dramatically. The agriculture sector has the potential to 

increase market surplus for food grains in order to meet rising food demand.  

3. Capital formation contribution: Agriculture sector contributed more to developing economy like 

India, it plays important role in capital formation which further fasten the process of economic 

development. 

4. Supply raw material to agro-based industries: Many industries development depends entirely upon 

agriculture as agriculture sector provides raw material to many agro-based industries like jute, cotton 

textile, sugar, vanaspati industries, etc. 

5. Source of Industrial product market: As two-thirds of India's population lives in villages, an increase 

in purchasing power of rural folks is critical for industrial over all development. Increasing in purchasing 

power of the large farmers widens the industrial products market. 

6. Creation of Infrastructure: The development of agriculture requires roads, market yards, storage, 

transportation railways, postal services and many others for an infrastructure creating demand for 

industrial products and the development of the commercial sector. 

7. Improving Rural Welfare: It is time that rural economy depends on agriculture and allied occupations 

in an underdeveloped country. The rising agricultural surplus caused by increasing agricultural production 

and productivity tends to improve social welfare, particularly in rural areas. The living standard of rural 

masses rises and they start consuming a nutritious diet including eggs, milk, ghee and fruits. They lead a 

comfortable life having all modern amenities—a better house, motorcycle, radio, television and use of better 

clothes. 

8. Source of Foreign Exchange for the Country: The majority of developing countries in the world 

export primary products. These products account for 60 to 70 percent of total export earnings. Thus, the 

ability to import capital goods and machinery for industrial development is critically dependent on 

agricultural export earnings. If agricultural exports do not increase at a sufficient rate, these countries are 

forced to incur a large balance-of-payments deficit, resulting in a serious foreign exchange problem. 

However, in the international market, primary goods are experiencing declining prices, and the prospects 

for increasing export earnings through them are limited. As a result, large developing countries such as 

India (which has the potential for industrial development) are attempting to diversify their production 

structure and promote the export of manufactured goods, even though this necessitates the adoption of 

protective measures during the initial planning period. 

Conclusion 
We can conclude from the preceding explanation that agricultural development is essential for a country's 

economic development. Even developed countries emphasize agricultural development. "Agricultural 

progress is essential to provide food for a growing non-agricultural labour force, raw materials for industrial 

production, and savings and tax revenue to support the rest of the economy's development, earn foreign 

exchange, and provide a growing market for domestic manufactures," Muir writes. 
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Introduction 
Poultry feed comprises of 70-80% of the total cost of poultry enterprises. Thus, optimizing the utilization of 

feed is key for sustainable and profitable poultry production. Recently utilization of herbal feed additives 

is increasing in poultry ration due to ban on the use of certain antibiotics and growth promoters because of 

its residual in chicken meat and egg and harmful effects. Consumers are also aware about the quality feed. 

Plant originated compounds i.e., Phytogenic feed additives used in poultry feed. Phytogenic feed additives 

include medicinal plants/herbs, which know to have medicinal properties, spices are the herbs with 

intensive smell commonly added to food, essential oils, which are aromatic oily liquids derived from plant 

materials such as flowers, leaves, fruits and roots. (Jacela et al., 2010). They can stimulate feed intake and 

endogenous secretions. Herbal plants have substantial potential to use as a feed supplement for improving 

growth performance, carcass yield, intestinal health and production cost. 

Different Herbal Plants Used as Feed Additives 
Ashwagandha: Withania somnifera is commonly known as Ashwagandha is important herb in the 

Ayurvedic medicinal system in India. Whole plant is used in medicinal system. This plant is useful to boost 

the immunity and for weight gain in chicken. It is also used to improve the egg laying capacity of chickens. 

Tulasi: Tulasi (Ocimum sanctum) is known as “Queen of herbs” belongs to the family Labiateae. Tulasi 

leaves used to improve the immunity. As Tulasi has anti-viral and anti-fungal properties, tulasi is useful 

during infection. It also used in poultry feed to improve growth rate and increases the body weight of bird. 

Aloe vera: Aloe vera is most well-known herbs. Leaf is important part of Aloe vera which is composed of 

latex and gel. Aloe vera is rich source of vitamins, minerals and enzymes that promotes growth in chickens. 

It enhances egg productivity in hens.  

Giloy: Giloy (Tinospora cordifolia) is an herbaceous shrub belongs to family Menispermaceae. The leaves 

and stem of this plant are used medicinally. Giloy leaves are rich source of protein. It is also high in 

minerals including Calcium (Ca), Phosphorus(P), Potassium(K) and Iron (Fe). Giloy used to boost immunity 

in birds. Singh et al. (2018) found that improved body weight gain and better nutrient metabolizability of 

birds on dietary supplementation of giloy powder @ 0.25, 0.50, 0.75 and 1% in feed. 

Shatavari: Shatavari (Asparagus racemosus) is a plant found everywhere. Roots of this plant used in 

medicine. The root powder of Shatavari is used as feed additives in poultry feed. It is also used as a tonic 

for poultry. It improves the egg laying capacity of chickens. 

Neem: The evergreen Azadirachta indica is commonly known as Neem which belongs to family Meliaceae. 

All the parts of neem tree are useful. Mostly leaves of plant used as feed for poultry. 

   
Tulasi Aloe vera Giloy stem 
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Neem Ashwagandha root powder  

Advantages 
1. Easily available in nature. 

2. Absence of residual effects. 

3. Available at low cost which is affordable to farmer. 

4. Applied in the solid, liquid and granulated forms. 

5. Mask the natural flavour of feed and improve the palatability of feed. 

Conclusion 
Use of herbal feed additives in poultry ration can be valuable because they maximize the feed intake, 

improve the digestibility and improve overall performance. These natural non-antibiotic growth promoters 

can be added to feed as dried plants or parts of plants and as extracts. It is support for farmers for producing 

such additives from locally available herbs and spices. Therefore, they can use as an alternative feed 

additive to antibiotic in poultry production. 
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About GM Mustard: Introduction 
Currently, mustard, an oil seed crop, is grown over 6-7 million ha (15–17 million acres) of agricultural land, 

primarily in India's north-western dry land regions. In India, mustard production ranks among the top 

three oil seed crops. However, its yields haven't increased significantly in a while and have stayed below 

7.5 million tonnes. The DMH - 11 Mustard variety was developed to reduce India's dependence on foreign 

oil imports for human consumption. On an annual basis, India approximately spends Rs. 60,000 crore 

($10.5 billion) on 14.5 million tonnes of edible oil imports, with over 60% of domestic edible oil demands 

being met only through supplies from overseas. Increasing domestic yields of mustard oil would 

significantly reduce India's dependency on oil imports and the associated costs.   

The genetically altered hybrid mustard variety Dhara Mustard Hybrid-11, often known as DMH - 11, comes 

from the species Brassica juncea. The transgenic mustard variety DMH - 11 was developed by Dr. Deepak 

Pental, and his colleagues from the Centre for Genetic Manipulation of Crop Plants at the University of 

Delhi, South Campus. It took 14 years and approximately Rs. 700 million to successfully create the DMH 

- 11 variety. If approved, DMH - 11 will be the first genetically modified food crop to be commercially 

cultivated in India. The project to develop DMH - 11 received funding from the National Dairy Development 

Board of India, as well as the Department of Biotechnology (DBT). The licencing of DMH - 11 for 

commercial cropping has been postponed because to conflicting information and findings about the field 

experiments and safety assessments carried out on it. 

Methods and Mechanism 
The transgenic mustard DMH - 11 was developed in 2002 using genetic material isolated from non-

pathogenic soil bacteria and techniques in transgenic systems for pollination control, which primarily 

involved the Barnase-Barstar system. Three genes, Bar, Barnase and Barstar, were extracted 

from Bacillus amyloliquefaciens to produce the hybrid seed. The main reason for introducing the Barnase-

Barstar gene system into the transgenic mustard line, was for heterosis breeding and to prevent self-

fertilization. The insertion of the Barnase gene induces genetic male sterility by preventing the production 

of the male gametophytes (pollen grains) in the mustard plant. Meanwhile, the Barstar gene acts to restore 

the ability of the plant to produce fertile hybrid seeds. 

Mustard is a self-pollinating plant, thus, making it difficult to perform cross-pollination with another 

desired male parental line, without the occurrence of self-pollination. The Barnase gene induced male 

sterility in DMH - 11, simplifying the process of cross pollination to derive new hybrid varieties. The two 

parental strains used to develop DMH -11 are the Early Hira mutant (EH -2) and the Varuna. The seed 

weight of DHM-11 is reported to be around 3.3 to 3.5 grams (0.12 oz)/1000 seeds.  

An enzyme produced by the Bar (Bialaphos resistance) gene is the cause of DMH - 11's resistance to 

glufosinate. The cloned Bar gene in DMH-11, which is derived from Streptomyces hygroscopicus, encodes 

for the production of phosphinothricin-N-acetyl-transferase (PAT). The detoxification of phosphinothricin, 

the main component of the herbicide Glufosinate, is carried out by this enzyme. The mechanism of action 

of phosphonothricin involves the inhibition of glutamine synthetase, which prevents ammonia from being 

detoxified and leads to a toxic accumulation inside plant cells. Glutamine levels are generally decreased as 

a result of inhibition of glutamine synthetase. Glutamine functions in plants as an important amino acid 

donor for nucleotide synthesis as well as a signalling molecule. Bialaphos, a tripeptide precursor of 

phosphinothricin, is rendered inactive and non-toxic by the PAT enzymes generated by the Bar gene. 
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Safety Evaluation 
The Genetic Engineering Appraisal Committee (GEAC) received an application from the University of 

Delhi South Campus in September 2015 asking for approval to release DMH - 11 into the environment. A 

controlled bio-safety field study of the mustard hybrid, officially termed as a Bio-safety Research Level 

(BRL) trial, was conducted by the Indian Council of Agricultural Research prior to its commercialization 

(ICAR). After receiving approval from India's top transgenic product regulator, the Genetic Engineering 

Appraisal Committee (GEAC), this trial was conducted in 2014–2015. These categories—molecular 

characterisation, food safety, environmental safety, and detection protocols—were given to the safety 

investigations carried out for DMH – 11. aggressive DMH - 11 parameters. 

Molecular characterisation involves expression studies of the Bar, Barnase and Barstar genes inserted into 

DMH - 11's DNA sequence.  Food safety tests examined the toxicity of the three proteins in DMH - 11, 

using compositional and bioinformatics analysis.  Environmental safety trials tested the potential for 

weediness, and aggressive parameters of DMH - 11. The details and results of these safety trials have not 

been made public yet. 

The Ministry of Environment and Forests has withheld the full data from the public, but a summary of the 

safety study is available online (MoEF). Only by submitting an application to the MoEF is it accessible. 

"Evaluation of Food and Environmental Safety of GE Mustard," the 133-page official safety assessment of 

DMH-11, was posted on the GEAC website for public discussion and got 750 responses. Following a 

subcommittee's examination, these suggestions were included in the final safety evaluation report 

delivered to GEAC. The results implied that DMH-11 was nutritious and safe for human consumption. 

Anita Prasad, the chairperson of the GEAC, announced that the commission will positively recommend 

DMH - 11 to Environment Minister Anil Madhav Dave for planting.  

The GEAC initially approved DMH-11 for commercial cultivation, but they later withdrew that clearance 

after determining that additional research was required to determine how DMH-11 will affect insect 

pollinators, particularly honeybees, and soil microbial diversity. To evaluate the effects of the transgenic 

mustard on honeybees, the Centre for Genetic Manipulation of Crop Plants at the University of Delhi 

submitted an application to grow DMH - 11 plots in Delhi and Punjab. DMH - 11 was given the go-ahead 

in March 2018 by the Genetic Engineering Appraisal Committee for field experiments looking at its 

potential impacts on honeybees and other pollinating insects. The Punjab Agriculture University and the 

Indian Agricultural Research Institute will host the field tests. 

Controversy 
Health effects: The Honorable Supreme Court of India appointed a Technical Expert Committee (TEC) 

which in its 2013 report recommended a total ban on herbicide-tolerant transgenic crops. One of the reasons 

the TEC cited was the possibility of ensuing negative health effects as a result of farmers generously 

applying herbicide to their crops.  

Ecological effects: The potential creation of "super weeds" is a key factor in the commercialization of 

DMH-11. Due of DMH - 11's tolerance to glufosinate, it is believed that after it is commercialised, farmers 

will use the pesticide indiscriminately. This places weeds under artificial selection pressure, which may 

lead to the establishment of weed species that are resistant to glufosinate. However, the major worry about 

DMH-11 being commercially grown is the possibility of genetic contamination of the diverse Brassica 

species by cross-pollination between DMH-11 and wild populations. Pollination of mustard plants is 

assisted by insects and the wind. India's rich mustard germplasm, which includes wild varieties and 

domesticated landraces, could be irreparably compromised because of its vulnerability to outcrossing.  

Social and economic effects: In 2004, the chairman of the Task Force in Agricultural Biotechnology 

advised against commercialisation of herbicide-resistant crops as they eliminate the need for manual 

weeding, a job undertaken by many rural women in India. It was estimated by Kavita Kuruganti, a member 

of the Alliance for Sustainable and Holistic Agriculture, that growing even 25% of DMH - 11 will result in 

a loss of 4.25 crore employment days for many women.  

Another reason for the strong opposition against the commercialisation of DMH - 11 across India, is due to 

past negative experiences with GM crops, most notably Bt cotton in Maharashtra. There was a proposed 

link between the poor performance of Bt cotton, and a large number of farmers' suicides, particularly in 
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2004. DMH - 11 protesters believe that exorbitant seed prices, coupled with low yields could lead to 

financial hardship, economic stress and possibly more suicide among farmers. The link between GE crop 

cultivation and farmer suicides, however, has been shown to be unsubstantiated by available data, despite 

being used as a common talking point against agricultural biotechnology within India. 

Performance 
Yield: DMH - 11 demonstrated yield heterosis in the range of 19%–40% over some of the best Indian 

varieties. There are, however, two traits that have been found to be poorly developed and expressed in the 

hybrid variety; these are seed size and siliqua length. Both of these traits are important yield components. 

Another multi-site trial conducted under field conditions found the DMH - 11 to produce 30% more yield 

than existing strains of traditional mustard varieties.  

Allergenic potential: Using bioinformatics comparisons in accordance with CODEX and ICMR 

recommendations, DMH-11 was also put through a food allergenicity test to see whether the amino acid 

sequence of the Bar, Barnase, and Bastar proteins were possible allergens. The test was conducted by 

comparing the amino acid sequences of the three proteins to those of other potential allergens that are 

known to exist. The three genes' putative open reading frames were examined for any resemblances to 

existing allergens in the AllergenOnline.org database. According to the study's findings, consumers are not 

at risk for developing a food allergy from DMH-11. It has been recommended to conduct additional studies 

on DMH-11, such as an IgE test on human serum. 
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Introduction 
To meet the challenges of global food security in the changing climatic scenario, it would be essential to 

increase crop productivity. Under resource proficiency it is estimated that about 70% of the decrease in 

agricultural output is due to direct impact of Abiotic stresses such as drought, salinity and extreme 

temperatures. Developments in “next generation” DNA sequencing have greatly enhanced effectiveness of 

genotyping and reduced genotyping costs. Methods for describing plant traits (phenotypes) however have 

developed far more slowly over the past 30 years and limitations on phenotyping capability prevent us from 

understanding the genetics of quantitative features especially those related to harvestable yield and stress 

tolerance. To exploit the richness of large-scale genomic data sets, it is required to quantitatively evaluate 

crop performance and connect it to the genomic data. Advanced robotics, cutting-edge sensors, imaging 

systems and computing capacity are used in high-throughput phenomics investigations to screen huge 

population (s) for a certain trait. Gene functions and environmental reactions can be thoroughly studied 

using an integrated method that combines genotyping & phenotyping. 

What is Phenomics? 
Phenomics was defined by Houle et al. (2010) as the collection of multidimensional phenotypic data for an 

entire organism. Steven A. Garan introduced the term "phenomics" in a guest lecture he delivered at the 

University of Waterloo in 1996. A rapidly developing field of science called phenomics, or the study of the 

phenome, tries to characterize phenotypes in a rigorous and formal manner, connects these features to the 

corresponding genes and gene variants (alleles). Phenomics technology can be used to investigate plants 

from the microscopic scale, such as a single cell, leaf, or plant, to the macro scale, such as an ecosystem. It 

is further linked to other "omics" technologies, including as fluxomics, transcriptomics, metabolomics and 

genomics, in order to study plant performance in the field & connect it to the fundamental principles of 

molecular genetics. The field of phenomics uses automated high-tech sensors, imaging devices and 

computational power to accelerate phenotyping. 

Forward Phenomics vs Reverse Phenomics 
Forward phenomics uses phenotyping tools to “sieve” collections of germplasm for visible & valuable traits. 

Using automated imaging technology, forward phenomics expedites the phenotyping of several plants or 

germplasm lines and identifies noteworthy traits/plants that are appropriate for a given circumstance.  

In reverse phenomics, the phenotypic or desired attribute is already known, such as the drought tolerance 

present in a specific germplasm. Then, researchers strive to identify the genes responsible for the process 

and the systems that control the trait (Furbank and Tester, 2011). This is accomplished by conducting 

extensive physiological and biochemical analyses, correlating the results with genes involved in certain 

biochemical or physiological pathways. 

Techniques Used in Plant Phenomics 
Plant phenomics is a transdisciplinary science which works with many domains to develop new phenomics 

tools and methods. Various imaging techniques used in phenomics studies for measuring various growths 

in large population parameters are mentioned below: 

1. Visible Light (Monochromatic or Color) Imaging: Two-dimensional (2D) images acquired by digital 

cameras can be utilized to examine shoot biomass, yield-related features and root architecture since they 

have a wavelength (400-700 nm) perception similar to the human eye. Three-dimensional imaging, 
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significant improvements in visual imaging, along with software platform (RootReader3D) have been 

created for rice. It transforms 2D images captured from different angles into 3D by superimposing them, 

this platform can watch of roots, root system and root growth a building with over 100 roots of efficiency 

each day. (Clark et al., 2011). 

2. Infrared and Hyperspectral Imaging: Infrared imaging is carried out at these two distinct ranges of 

light wavelengths one at a range of 0.9–1.55 μm called near-infrared (NIR) and other at a range of 7.5–13.5 

μm called far-infrared (Far-IR) wavelength. Far-infrared cameras are used to analyse temperature, 

whereas near-infrared cameras examine water content and motion in leaves & soil. The soil NIR 

measurement is carried out to determine where and how much water is being used by the plant as well as 

to quantify the rate of water absorption by the roots. Temperature changes between or within individual 

plant leaves can be measured and calculated using FIR imaging. In order to identify plants with cool 

canopies, FIR imaging can be employed in the field. 

3. Fluorescence Imaging: Fluorescence imaging systems use cameras with specific spectral cutoff filters 

or pulsed light in order to monitor the dynamics of fluorescence emission, making them sensitive to the 

particular spectral area at which fluorescent signals are emitted (Fiorani et al., 2012). Fluorescence 

imaging flashes blue light (about 500 nm) on plants, which causes them to release fluorescence light 

between 600 and 750 nm. This fluorescence can be captured on camera and transformed into false-color 

signals by computer software, making it simple for researchers to spot variations in fluorescence. 

4. Magnetic Resonance Imaging (MRI): The most typical application of MRI is to image plant roots 

using a combination of radio waves and magnetic fields. The protons of water and organic compounds found 

in roots can produce nuclear resonance signals that can be detected by MRI providing structural 

information about the internal physiological processes occurring in vivo (Borisjuk et al., 2012). MRI 

analysis allows the 3D geometry of roots to be analyzed in plants grown in vivo or hydroponics. 

5. Positron Emission Tomography (PET): PET is a method used to image nondestructively the 

distribution of substances labeled with radionuclide’s that release positrons, like 11 C, 13N, or 52 Fe. It 

visualizes the movement of metabolites marked with elements of positron-emitting radionuclides, and so 

aids in plant metabolism research. MRI and PET when used together, both structural and functional traits 

can be analyzed simultaneously and independently as well (Jahnke et al., 2009). 

Field-Based Phenotyping Using Static Sensor or Movable Vehicle 
For FBP, appropriate sensors and automated imaging equipment can be fixed at an appropriate height, 

angle, distance for continuous data collection. Phenonet is one of the model data loggers developed by 

CSIRO (Common wealth Scientific & Industrial Research Organization) is connected to sensors such a FIR 

thermometer, a chlorophyll fluorescence sensor, a soil moisture sensor, a camera, a weather station. The 

data logger can monitor environmental changes across the field, ongoing crop growth and development, 

canopy temperature and also photosynthetic activity of the plant. 

Phenomobile is a vehicle driven by researcher over crop site which is outfitted with various sensors, 

including spectral reflectance sensors, far-infrared thermometers, stereo imaging systems, far-infrared 

thermometers, which are used to measure canopy temperature and the biomass of plants, respectively. 

Merz and Chapman in 2011 created remote-controlled, gas-powered model helicopter called the 

“Phenocopter”. In just 6 minutes, the phenocopter can fly autonomously and complete many passes over a 

1-ha field, collecting data on plant height, canopy cover, lodging and temperature throughout the day. 

Phenotowers with reflective and infrared sensors installed on a trolley can run parallel to the vegetation 

to gather data on the comparative canopy temperature, leaf greenness, groundcover between several plant 

lines at the same time. 

Application of Phenomics in Agricultural Research 
Phenomics is used for screening large no. of plants for abiotic stress tolerance traits like drought, salinity, 

submergence and temperature extremes. Changes in growth rate due to salinity stress can be measured by 

daily imaging of plant by using phenotyping tools. Chlorophyll fluorescence analysis is useful in 

investigating photosynthetic performance of plants under stressful environments. Phenotyping tools can 

also be used to measure yield and quality traits as well as traits related to biotic stress tolerance. 
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Conclusion 
Advances in crop improvement were largely responsible for the first green revolution, which doubled crop 

yields in less than 50 years. Crop yields must quadruple once more over the next 50 years if unprecedented 

increases in production and effective utilization of resources must be achieved. Next generation genotyping 

tools for characterizing sequence variation appear capable of providing the requisite throughput and 

resolution. However, modern phenotyping technology currently lags that of genotyping. The FBP approach 

described here appears capable of attaining the requisite high levels of throughput. Considering the 

complex, dynamic nature of plant responses to the environment FBP demands integrative, 

interdisciplinary teamwork and meticulous attention to quality control at all stages, beginning with field 

preparation, experimental design, followed by timely data processing and analysis, concluding with direct 

application toward finding solutions to significant issues currently limiting crop production. 
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Introduction 
Weather plays a major role in determining the success of agricultural pursuits. The increase in climatic 

variability and associated extreme weather events such as erratic rainfall distribution, abrupt change in 

day and night temperatures during crop season and sudden outbreaks in diseases and pest population, 

especially in developing countries, are throwing challenges to sustaining production levels of different 

crops. One strategy that farmers can adopt to sustain or increase crop yields in the scenario of a highly 

variable climate is to manipulate the crop environment through improved management strategies.  

Agriculture is one of the most important sectors for India. Proper planning for this sector requires relevant 

and reliable information in timely manner. Information on crop, its growth stages and the week-by-week 

weather during the crop season is essential for proper management of agriculture to get higher returns. 

Thus, farm operations planned in conjunction with weather information are very likely to curtail the costs 

of inputs and various field operations.  

Crop weather calendar is a comprehensive guide for farmers. It is a tool that provides information on 

average weather of every week, detailed information for each important crop in a specific region like dates 

of sowing, duration of major cultural operations, important periods in their life cycle of crop from sowing to 

harvesting. Further, stage-wise pest disease infestation information can also be added. It also provides 

information on the sowing rates of seed and planting material. IMD prepared district-wise crop-weather 

calendars almost two decades ago using normal weather, crop water requirement for major cereals, pulses 

and oilseed crops. 

Later IMD has revised these by incorporating present cropping patterns, soil types and conditions favorable 

for development of pests and diseases. Information provided in the calendars give broad indications of the 

progress of growth of the crop along with climate direction of development which may prove useful to the 

planners, agricultural administrators, plant breeders and the farmers in the formulating policy matters 

regarding plant breeding, crop adoption, drought proofing, supplemental irrigation, maximising the yield 

etc. 

Inputs Required for Preparation of Crop Weather Calendar 
Climatic normals (Upper part): The climatic normals of calendar indicate the weather conditions of that 

particular region which favours the incidence of pests and diseases and the nature of the weather warnings 

that can be given. The climatic normals of each centre computed for total weekly rainfall (mm), number of 

rainy days, evaporation (mm), weekly maximum temperature (oC), minimum temperature (oC), mean 

temperature (oC), sunshine hours (hours), solar radiation, maximum relative humidity (%), minimum 

relative humidity (%), mean relative humidity (%), wind speed (Km/hr) and wind direction (degree) 

arranged in standard meteorological week wise in the upper portion of crop weather calendar. These normal 

meteorological data sets were arranged in a weekly format for the cropping season from the month of 

sowing till the harvest of the crop in question. 

Phenological observations (Middle part): Crop phenological information collected from sowing to 

maturity is arranged on a weekly basis. Important ‘phases’ like sowing, germination / emergence, 

transplanting (in case of rice), vegetative growth, flowering, grain formation and maturity are tabulated as 

per the Standard Meteorological Weeks. Further, information on the favourable meteorological conditions 

for the crop (stage-wise or whole crop growth period) which lead to high yield were deduced from the long-

term experimental data and tabulated. Collect the pictures of individual stage of each crop and arrange in 

such a way that the stage wise figure should adjust to the week of start of that stage to end of Stage wise 
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climatic normals for high productivity of the crop in a location will be computed based on a simple 

procedure. Select the best 3 high productivity years of a crop from minimum 10 years of continuous field 

experiment data. Growth stage wise meteorological normals will be computed and arranged for the selected 

high productivity years. Then arrange the range of each parameter for individual stage. 

Structure of crop weather calendar designed by AICRPAM: 

 
Information on pest and diseases (Bottom Part): The data on weather conditions favourable for 

incidence of pests and diseases, as well as susceptible crop phenological stages and the nature of the 

weather warnings were collected and presented in bottom part of calendar. Thus, if the climatic conditions 

are favourable and the pathogen is present, there are chances of occurrence of the pest and disease and 

forewarning can be issued. 

Importance of Crop Weather Calendar 
In order to provide the farmer with an efficient weather service, it is essential that the weather   forecast 

should be familiar with the crops that are grown in a particular agro-climatic zone. The type of forewarning 

to be given depending upon the state and stages of the crop are also to be known. Crop weather calendar 

meet the above requirements and help the weather forecaster to see at a glance the type of weather 

warnings is to be issued for a particular district in a given weather situation during a particular phase of 

crop. They are of equal interest to the farmers for better crop management. Weather calendar is one of the 

important tools in agro advisories. Earlier scientists used to refer to books for extracting the information 

on a crop, as on an average a crop takes 90- 130 days to mature. On the other hand, crop weather calendar 

contains the summarized information with respect to crop - weather - pest / disease in one single sheet of 

paper. These calendars are useful for crop planning, irrigation scheduling and plant protection measures, 

which are of vital importance for effective crop planning and for maximizing and stabilizing food production 

in the country. In a broader perspective over a period of say five years, the concise information contained 

in these calendars give broad indications of the direction of development which may prove useful to the 

planners, agricultural administrators, plant breeders and the farmers in formulating policy matters 

regarding plant breeding, crop adaptation, drought proofing, supplemental irrigation, maximizing the yield 

etc. 

Conclusion 
Crop weather calendars are excellent examples of the type of compiled information that can assist 

forecasters in framing weather warnings and forecasts directed at farmers. However, they failed to produce 

the desired results since they are not used as handy tool in practice and become obsolete with fast changing 
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crop varieties, Also, the crop weather calendars prepared on district wise may not be of much use at micro 

level. Hence, the crop weather calendars are to be prepared at the village level by the agro-meteorological 

field units (AMFUs) and District agro-meteorological Unit (DAMUs) established for agro-advisory, through 

research and development for major crops and for varieties, if possible, they help in improving quality of 

agro-advisory based on medium range forecasting. In addition, with proper guidance provided by 

agricultural meteorologists, these calendars will also be of much interest to the agricultural professionals 

and to the various government departments concerned with Agriculture and Food Production, as well as 

educationally to the general public. Most importantly, it will be a worthy tool for preparation of crop 

contingency plans and identifying the growth stage specific thresholds for designing weather-based crop 

insurance products. 
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Introduction 
Mushrooms, like many other crops, are harmed by a wide range of biotic and abiotic agents and causes. 

Fungi, bacteria, viruses, nematodes, insects, and mites are some of the biotic agents that harm mushrooms 

directly or indirectly. In the substrate, compost, and casing soil, diseases might arise. Unwanted growth or 

development of some moulds can occur at any stage of growth, reducing the ultimate mushroom yield. 

The Following are a Few Prevalent and Serious Mushroom Diseases Bacterial 

Infections 
Dry bubble: Verticillium illness, brown spot, and La mole are all names for dry bubble. This is the most 

common and dangerous fungal disease that affects mushrooms. Disease may completely kill a crop in 2-3 

weeks if left unchecked.  It was first reported in India during 1973. 

Symptoms: The symptom changes depending on when the infection occurs. The casing soil, which 

has a propensity to become greyish yellow, shows whitish mycelial development at first. If the 

infection is caught early enough, classic onion-shaped mushrooms appear. They can sometimes 

appear as tiny, undifferentiated lumps of tissue with a diameter of up to 2cm. 

Fungus: Verticillium fungicola var. fungicola: The fungus produces numerous hyalines, single-

celled, thin–walled, oblong to cylindrical conidia and measure 3.5 to 15.9 x 1.5 to 5.0 um in size. 

Conidia are produced on lateral or terminal and vertically branched conidiophores. Condiophores 

are 220 to 800 x 1.5 to 5.0 um in size. Conidia accumulate in clusters surrounded by sticky mucilage. 

Mode of spread: The major source of contamination is debris and dust on the floor of the mushroom 

house. It is carried to the mushroom farm by infested casing soil. Conidia are produced in sticky 

clusters and sticks easily to any contact.  

Management: Use of sterilized casing soil, pasteurized compost and proper disposal of spent 

compost helps in reducing the incidence of the disease. Affected patches may be sprayed with 2 per 

cent commercial formalin. Spraying with mancozeb (0.25 per cent) or zineb (0.25 per cent) at 10 days 

interval controls the disease. 

Wet bubble: Wet bubble is also called as Mycogone disease, La mole, white mould and bubble disease. Wet 

bubble was first reported from Jammu and Kashmir India in 1978. It is a serious disease of white button 

mushroom when it develops early in the crop.  

Symptoms: The symptoms change depending on when the infection occurs. Smith (1924) identified 

two primary symptom types: infected sporophores and sclerodermoid masses, both of which he 

believed were caused by M. perniciosa infection at various phases in the sporophores' development.  

Fungus: Mycogone perniciosa causes the illness wet bubble, and Hypomyces perniciosa is the 

optimum stage. The pathogen's mycelium is white, dense, and felt-like. Interwoven branching 

hyphae, septate, hyaline, 3.5m wide. Short, slender, branching, hyaline conidiophores measuring 

200 x 3-5m with sub-verticillate to verticillate brances bearing thin-walled, one-celled conidia 

measuring 5-10 x 4- 5m.  

Mode of spread: The illness can be spread by the air, water, or mechanically by mites and flies. 

Chlamydospores have been shown to persist in casing soil for up to three years, suggesting that they 

might be the principal source of inoculum.  

Management: Adoption of strict hygienic measures reduce wet bubble incidence. The casing soil 

should be sterilized properly before use. Spraying with zineb 0.3 per cent or mancozeb 0.3 per cent 

at weekly interval controls the disease.  

Green moulds: Green mould, which is mostly caused by several species of Trichoderma, Penicillium, and 

Aspergillus, is one of the most prevalent and devastating diseases in mushroom farming. 
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Symptoms: Green mould symptoms have been linked to Trichoderma spp. in compost, casing soil, 

spawn bottles, and grains after spawning. Trichoderma viride attacks the spawning tray and 

reduces the spawn run. It appears as green patches on the spawned and cased trays.  

Fungi: Different Trichoderma spp. are responsible for green moulds in composts and casing soil. 

They are Trichoderma hamatum, T harzianum, T.koningii and T.viride. T.hamatum. Mycelium is 

hyaline, septate and branched. Conidiophores branches at right angles. Phialides are pin-shaped 

and arise singly or in whorls.  

Mode of spread: Green mould thrives in compost that is high in carbohydrates but low in nitrogen. 

Peak heating might be problematic if the compost is tampled too hard in the beds or the filling 

weight is too high.  

Management: Proper pasteurization and conditioning of compost check the green moulds. 

Supplements should be sterilized properly before their use. Dead mushrooms and cut stalks should 

be removed from mushroom house promptly and destroyed. Proper hygienic conditions should be 

maintained during mushroom growing.  

Cobweb disease: It is also known as soft decay, Dactylium disease and mildew disease. It causes soft rot 

or decay of fruiting body. It was first reported on white button mushroom by Seth (1977) from Himachal 

Pradesh 

Symptoms: Small, circular, white patches of mycelium of the fungus appear on the surface of 

casing. Later the fungus grows as a fluffy white mould on the mushroom. The diseased mushroom 

turns brown and rots. The mycelium of the pathogenic fungus turns pink or red.  

Fungus: Cladobotryum dendroides (Dactylium dendroides; Perfect stage Hypomyces rosellus). 

Mycelium is hyaline, branched and septate. Conidiophores are erect, simple or branched in many 

whorls. Conidia are single, elongate, 2 to 3 septate, slightly constricted at the base and measure 20 

to 30 x 10 to 12.5 u in size.  

Mode of Spread: The pathogen is soil-borne and is introduced into the crop by soil contamination 

or by farm workers. In the farm spores spread through air. High humidity and temperature favours 

cobweb disease.  

Management: Sterilization of the casing mixture at 50ºC for 4 hrs or disinfection of casing soil by 

benomyl (150g/ 100m² casing area) controls the disease. The relative humidity and temperature 

during picking should not exceed 90 per cent and 65ºF. Dusting between flushes with zineb or 

mancozeb at 100g/ 100m² or spraying with formalin to 0.3 per cent prevents the fungal attack. 

Competitor/ Indicator/ Weed Moulds 
False truffle: Calve's brain disease is another name for it. In mushroom beds, this is the most feared 

competitor. When the compost temperature in the trays exceeded 22-24C, fake truffles were discovered 

causing major losses to mushroom harvests in India.  

Symptoms: The disease appears as small weft of white to cream mycelium on the surface of the 

compost or under the casing soil. Later it becomes thick and develops into white, solid, wrinkled, 

round to irregular mass resembling brain or peeled walnut-like structure called ascocarp.  

Fungus: Diehliomyces microsporus Diel. and Lambert (Pseudobalsamia microspora). Ascocarps are 

fleshy. They contain many asci. Asci is oval or sub-spherical in shape with short or long stalks. Each 

ascus measures 19 to 27 x 10.5 to 15mm in size and contains three to eight ascospores.  

Mode of spread: Ascospores from casing soil and in wooden trays of previous crops are the sources 

of infection. Ascopores may persist in soil for 5 years, wasted compost for 6 months, and mycelium 

for 6 months (Sharma, 1998), making them an important source of primary inoculum. 

Management: Strict hygienic measures should be followed. Compost should be prepared only on 

concrete floors. Compost temperature during spawn run should not exceed 21 to 24ºC. During 

cropping temperature should be kept below 18ºC. Casing soil which contains ascospores should not 

be used. 
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Introduction 
India is known as “land of agriculture” because of presence of well fertile soil, wide variability in 

agroclimatic conditions and most of the population is dependent on agriculture. In India, agriculture land 

is about 159.7 million ha, out of this 60% of the land face water scarcity and India ranks 41st position in 

the world in terms of water scarcity. In India, Rajasthan, Madhya Pradesh, Maharashtra, Gujarat, 

Jharkhand, Chhattisgarh and some parts of Andhra Pradesh, Tamil Nadu and Karnataka face the problem 

of water scarcity. 

Hydrogel 
Hydrogel is a water swollen and crosslinked polymer produced by simple reaction of one or more monomers. 

Hydrogel have an absorption capacity of water up to 400 to 1000 times their dry weight. After absorption 

of water from soil, when its surroundings begin to dry out, the hydrogel gradually releases up to 95% of its 

stored water. Agricultural hydrogels are the synthetic polymers generally made from petroleum products. 

Two types of Polyacrylates 
Soluble (linear) polyacrylates: It will dissolve in water and cannot be used for water absorption 

Insoluble (cross linked) polyacrylates. 

Applications in Various Streams - Classification of Hydrogels 
Based on source: 

Natural: Hydrogel are made from the naturally available polymers like cellulose, protein, silk, wool 

etc. 

Synthetic: Hydrogel are made from the semi synthetic polymers like cellulose nitrate and cellulose 

acetate etc. 

Semi synthetic: Hydrogel are made from the man-made synthetic polymers like   polyethylene, 

PVC, Polystyrene. 

Based on polymeric composition: 

Homo polymeric: Hydrogels are made from the same species of monomers. 

Copolymeric: Hydrogels are made from the physical and chemical linking monomers. 

Multi polymeric: Hydrogels are made from the multi monomers is known as multi polymeric. 

Based on degradability: 

Biodegradable: If the hydrogels are degradable in soil is known as biodegradable. 

Non-biodegradable: If the hydrogels are non-degradable in soil is known as non- biodegradable. 

Based on configuration: 

Amorphous: If the hydrogel is available in powder form is known as amorphous hydrogel. 

Crystalline: If the hydrogel is available in Crystalline form is known as Crystalline hydrogel. 

Semi-crystalline: If the hydrogel is available in semi-crystalline form is known as semi-crystalline 

hydrogel. 

Composition of Hydrogel 
Hydrogel mainly made of basic monomer acrylic acid. These monomeric units possess a hydrophilic group 

i.e., carboxylic acid which attracts water molecules towards them. These monomers polymerize into crossed 

linked polymers. 

Water Absorption Mechanism of Hydrogel 
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The hydrophilic groups (viz. acrylamide, acrylic acid, acrylate, carboxylic acid etc.) of the polymer chain are 

responsible for water absorption in hydrogels. The acid groups are attached to the main chain of the 

polymer. When these polymers are put in water, the latter enters into the hydrogel system by osmosis and 

hydrogen atoms react and come out as positive ions. 

Preparation of Hydrogel 
Acrylic acid (AAc) 

Methylene bis acrylamide (MBAAm) – As a crosslinking agent 

Potassium persulphate (KPS) as initiator 

Potssium hydroxide (KOH) 

Acrylic acid, potassium hydroxide, methyl bis acrylamides are added in to 15 litre of distilled water. All 

these compounds are mixed at 85°C temperature for an about half an hour. Then the initiator potassium 

per sulphate is mixed in 15 l of distilled water and this is poured in to the initial mixture. Then 

polymerization occurs. After polymerizations add 500 l of water and washing was carried out a one hour. 

Then, the products are dried at 80° C in vacuum. In this process almost all the water is removed from the 

hydrogel. Then add 20 kg dry SAH for removing the traces of moisture if present even after vacuum drying. 

Finally packing of hydrogel is done. 

Properties of Hydrogel for Applications in Agriculture 
High absorption capacity in saline and hard water conditions. 

Rewetting capability. 

Method of application of hydrogel in soil. 

Dry application. 

5 kg/ha of hydrogel with dry, fine sand of 0.25mm size in 1:10 ratio. 

For vegetable and flower crop, mixture is applied at upper layer of soil. 

Mix granules in water and keep it for 60-90 min, then subsequent application at the rate of 1 part of 

hydrated polymer/ 4 parts of soil. 

Ideal for small applications like repotting house plant, planting shrub and small trees. 

Application Rate of Hydrogel in Various Soil/ Purpose 
Purpose Application rate 

Arid & Semi-arid regions 4-6 g/kg soil 

For pot plant 0.5-2.0 g/pot 

To reduce drought stress 0.2-0.4 % of soil 

Commonly Marketed Hydrogels 
Pusa hydrogel, soil moist, jal shakti, water lock, luqu-asorb, stockosorb, agrosoak. 

Applications of Hydrogel in Agriculture 
Enhances the water use efficiency. 

Reduces the soil erosion and run-off. 

Increases the microbial activity. 

Reduces fertilizer leaching. 

Sometimes act as carrier for fertilizer and pesticides. 

Act as Carrier for fertilizer and biocides for extending vase life. 

Improves the physical properties of media/ soil. 

Enhances the quality of indoor plants. 

Drawbacks of Hydrogel. 

Low mechanical strength. 

Non-adherent in nature. 

Conclusion 
Application of hydrogel in arid and semi–arid regions improve soil properties, increases the water holding 

capacity of the soil, enhancement of the soil water retention, improving irrigation efficiency, increasing the 
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growth of various crops. It also provides a conducive atmosphere for the better growth of roots in well–

drained soils and ultimately increases yield. In floriculture industry they are used for production of good 

foliage plants, for good flower yield, to reduce irrigation frequency in indoor plants, in turf management to 

produce good root and shoot biomass and also to improve vase life of cut flowers. 

References 
1. Agaba, H., Orikiria, L. J. B., Obua, J., Kabasa, J. D. and Worbes, M., 2011, Hydrogel amendment to sandy soils reduces 

irrigation frequency and improves the biomass of Agrostis stolonifera.  Agric. Sci., 2(4): 544-550. 

2. Bala. M., 2018, Effect of potting media incorporated with Pusa hydrogel on growth and production of quality foliage plants of 

Philodendron xanadu. Bull. Env. Pharmacol. Life Sci., 8(1): 95- 98. 

3. Cannazza, G., Cataldo, A., De Benedetto, E., Demitri, C., Madaghiele, M. and Sannino, A., 2014, Experimental assessment of 

the use of a novel superabsorbent polymer (SAP) for the optimization of water consumption in agricultural irrigation process. 

Water 6(1): 2056–2069. 

4. Johnson, M.S. and Veltkamp, C.J., 1985, Structure and functioning of water storage agriculture polyacryamides. J. Sci. Food 

Agric., 36(1):789–793. 

  



 

 
Volume 04 - Issue 12 - December 2022       214 | P a g e  
 

A Perspective on Natural Farming Methods in 

Agricultural Crops 
Article ID: 38670 

  Suman Meena1, Mukesh Chand Bhateshwar1, Pooja Sharma1, Kamal Mahala1 

  1Department of Horticulture, SKN. Agriculture University, Jobner, Rajasthan-303 329. 

 

 

Introduction 
Agriculture in India has witnessed several technological advancements. ‘Green Revolution’ (GR) 

technology-led intensification of agriculture transformed India from food scarce country to food surplus. 

However, it also led to adverse impacts like, soil degradation, biodiversity losses, rising cost of cultivation, 

etc. Rising application of chemical fertilizers and pesticides with stagnating/ declining crop productivity 

dovetailed with uncertain market conditions and climate change effect resulted into unremunerated 

agriculture. Consequently, large number of farmers falling into debt trap and distress in farming sector 

became pervasive. 

Highlights of Economic Survey 2019-20- Agriculture and Food Production 
The annual growth rate in real terms in agriculture and its allied sectors was 2.88 per cent from 2014-15 

to 2018-19, according to the Survey, the estimated growth rate in 2019-20 is 2.9 per cent. 

Need of the Hour 
1. Advancement towards sustainability  

2. Restricting the use of harmful chemicals  

3. Quality and poison free food. 

Natural Farming 
Natural farming (NF) is purported to be a disruptive farm practices addressing major concerns of farmers 

of rising cost of production. It basically envisages ecological or regenerative agriculture approaches under 

which application of any kind of chemicals to soil biosystems are prohibited. It relies more on soil biology 

than soil chemistry by encouraging multi-cropping, round-the-year soil cover, addition of formulation made 

up of cow dung and urines to trigger the microorganisms in the soil system. 

History 
Masanobu Fukuoka (1913-2008) (Author, Philosopher and Japanese farmer). 

A father of modern-day natural farming, worked on methods based on his own unique theories, insights 

and philosophy. 

Shri Shubhash Palekar 
Indian natural farming movement centered on its founder Shri. Subhash Palekar from Amaravathi, 

Maharashtra. Persued B.Sc. Agriculture degree from College of Agriculture, Nagpur. 

Preparation of Hydrogel 
1. Natural inputs- Toxic free freely available resources in nature. 

2. Low-inputs- No use of chemicals and fertilizers, promotes natural catalyst of biological processes in the 

soil and natural protection from diseases. 

Four Pillars of Natural Farming 
1. Beejamrutha/Panchgavya- (Organic Seed treatment) 

2. Jeevamrutha/ 

3. Acchadan (Mulching) 

4. Whapasa (Moisture and air). 
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Practices 
1. Organic seed treatments 

2. Nutrient replenishment using organic formulations 

3. Mulching with organic materials 

4. Proper maintenance of soil moisture and air- Waphasa 

5. Conservation horticulture practices 

6. Multiple cropping 

7. Pest and disease management using cow and natural plant-based preparations and extracts. 

Conclusion 
Increase in cost of production and increase in global demand for residue free healthy food produce has 

driven some farmers from conventional intensive practices to sustainable fruit production practices which 

can considerably reduce the input cost and decrease the environmental pollution caused by the injudicious 

use of agro chemicals. Hence, natural farming practices could be one of the options to sustain fruit 

production in harmony with the nature. 

Future Thrust 
1. Systematic research should be conducted at ICAR institutes/SAU’s 

2. Creating awareness through training and demonstration by KVK’s 

3. Certification of Natural Farming produce  

4. Encouraging Farmers Producers Organization (FPO’s) based on Natural farming. 
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Introduction 
Agriculture being the backbone of Indian economy, accounts nearly 18% of its gross domestic product (GDP) 

and hires half of the country’s work force. More than 70% rural population depends on agriculture for their 

livelihood. India stands second in population next to China. Still, faces the challenge to fulfil the demands 

of agricultural commodities for its ever-growing population. In 1960’s Dr. M. S. Swaminathan gave the 

concept of green revolution. 

Micro Irrigation 
Micro irrigation is a contemporary technique of irrigation in which water is watered on the surface or 

subsurface of the ground using drippers, sprinklers, foggers and other emitters. 

Potential of Micro Irrigation 
1. Depending upon the crop/flower 

2. Savings in water. 

3. High irrigation efficiency. 

Micro Irrigation Systems 
1. Sprinkler irrigation 

2. Spray irrigation 

3. Sub surface irrigation 

4. Bubbler irrigation 

5. Drip irrigation. 

Advantages of Drip Irrigation 
1. Increases yield up to 40% and saves water up to 70% compare to flood irrigation 

2. Maturing of plant is fast 

3. Fertilizer use efficiency increases by 30% 

Fertigation 
Process of application of water-soluble fertilizers through drip irrigation system directly to the active root 

zone of the plant is termed as fertigation. 

Benefits of Fertigation 
1. Increased nutrient use efficiency: When compared to traditional fertilizer application to the soil, 

fertigation increases crop nutrient use efficiency. 

2. Less water pollution: The intensification of agriculture, aided by the use of irrigation water and the 

indiscriminate use of fertilizers, has resulted in chemical nutrient contamination of surface and ground 

waterways. 

Fertigation Methods 
Micro Irrigation Systems (MIS) provides application of water-soluble fertilizers and other chemicals along 

with irrigation water directly in the root zone and thereby significantly saving the costly inputs. 

1. Venturi injector method 

2. Fertilizer Tank Method (By-Pass System)  
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3. Fertilizer injection pump method. 

Selection and Compatibility of Fertilizers 
Because liquid fertilizers dissolve quickly in irrigation water, they are ideal for fertigation. However, in 

poor nations like India, liquid fertilizers are scarce and expensive, limiting their usage. 

Mulching 
A mulch is a coating of material that is put to the soil's surface. Mulch is used for a variety of reasons, 

including preserving soil moisture, boosting soil fertility and health, limiting weed development, and 

improving the aesthetic attractiveness of the region. 

Benefits of Mulching 
1. Keeps the soil cooler and helps prevent evaporation.  

2. Suppress the Weeds as they do not get the light  

3. Prevent soil erosion. 

Growth Regulators 
Plant Growth Regulators are any various synthetic or naturally occurring plant substance that regulates 

the growth of the plant at very low concentrations Growth regulators are classified in to 

Auxin, Gibberellins (GAs), Cytokinin's, Abscisic acid (ABA) and Ethylene. 

Role of Growth Regulators in Flower Crops 
1. Root initiation 

2. Cell division and cell elongation 

3. Callus formation in Tissue culture 

4. Germination of seeds. 

Protected Cultivation 
A greenhouse/ poly house is a framed structure covered with transparent or translucent material and 

provide large enough area for cultivation of crops or prorogation under partially or fully controlled 

environment. 

Potential of Poly House 
1. Provides favorable microclimate condition for the plant Cultivation of crop in all season is possible 

2. Higher yield with better quality 

3. Conserve moisture and thus leads less irrigation. 

Global Positioning System (GPS) 
GPS is a Satellite based navigation system used to find out the exact location in the field, to assess the 

spatial variability and site-specific application of inputs. 

Bradford Parkinson 
He has been first the chief architect of GPS throughout the system’s conception, engineering development, 

and implementation.” Hence, he earned the title the ‘Father of GPS’. 

GPS System has 3 Segments 
1. Control Segment 

2. Space Segment 

3. User Segment. 

How GPS Works? 
Geographic information system (GIS): Geographic Information System (GIS) is a computer system 

capable of assembling, store, manipulate, and display GPS collected spatial data in the form of a map. 

Functions of GIS: 



 

 
Volume 04 - Issue 12 - December 2022       218 | P a g e  
 

a. DATA capturing: GPS, aerial photography, scanning  

b. DATA Storing: CD, or any hard drives. 

Dr. Roger Tomlinson (1962) invited the GIS. 

Component of GIS 
1. Hardwar  

2. Software 

3. Data. 

Remote Sensing 
Remote sensing is the process of acquiring information about the Earth's surface by measuring its reflected 

and emitted radiation without coming into direct contact with the object. 

Types of Remote Sensing 
1. Passive remote   

2. Active remoter 

Application of GPS GIS and Remote Sensing in Horticulture 
1. Crop identification and Acreage estimation 

2. Identifying the Planting position and Weed location. 

Conclusion 
Because of the farmers' lack of competence, their tiny land holdings, and their heterogeneous cropping 

patterns, the effective development and use of sophisticated technologies in agriculture is still a remote 

possibility in the Indian agricultural/horticulture sector. Such a smart farming approach would transform 

the horticulture business in India thanks to the expanding IT sector and considerable agricultural research. 
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Introduction 
The initial step in the development of cultivated plants was domestication which means, bringing wild 

species under human management. It dates back to 11,000 years ago when humans started agriculture. 

Global agriculture production cannot cope up with rapidly increasing population and climate changes which 

makes it a huge challenge to feed 10 billion people by 2050. Crop domestication through conventional 

approaches is not enough to meet the increasing food demands. De novo domestication is one of the 

promising strategies to produce superior new crop genotypes through exploiting the genetic diversity of 

crop wild relatives (CWRs). 

The History of Crop Domestication and Improvement 
First-generation (1G) breeding started by focusing on phenotype-based selection, which gradually led to 

the genetic makeup in modern crops (Doebley et al., 2006; Wallace et al., 2019). As to match the growing 

trend of world population by 20th century hybrid breeding (2G) was developed in the 1980s and mating 

designs and statistical analyses were incorporated increasing the use of fertilizer and pesticide became 

widespread (Carvalho, 2017), and the first ‘‘green revolution’’ happened at the end of the 1950s, showing 

dwarf plants with consequently higher yields (Khush, 2001). 

Crop Domestication and De Novo Domestication 
Crop domestication was achieved by the long-term artificial selection, which resulted in the congregation 

of beneficial mutations in various landraces and cultivars that fit the cultivation requirements such as less 

seed shattering, self-pollination, erect growth, shorter awn, and larger seeds. With the progress and 

availability of new technologies, particularly genome editing, de novo domestication has become a unique 

crop breeding technique (Osterberg et al, and Zsogon et al, 2017). 

Crop Genetic Improvement 
Every breakthrough in breeding technology, including de novo domestication, aims to improve the 

efficiency of crop genetic improvement (Table 1). Hybridization, Mutagenesis, Transgenics, and Genome 

Editing have all demonstrated significant progress in various elements of genetic enhancement (Gao et al, 

2021). Hybridization includes integration of various genes from vividly diversified parents through genetic 

recombination, but it’s after selections require screening of large populations in multiple generations. 

Choosing a good starting material, (2) establishing an effective transformation system and an annotated 

reference genome, (3) domestication-related gene editing, followed by breeding and field assessment, and 

(4) cultivar registration (Gasparini et al, 2021).  

Table 1 Comparison of different plant breeding strategies: 

Breeding 

technologies 

Unique features Advantages Disadvantages 

Hybridization Integrate genes from 

different parents 

Affecting a large 

number of genes 

Random and laborious in 

subsequent selections 

Mutagenesis Randomly create new 

alleles 

Creating new alleles Random and unpredictable 

Transgenics Add genes Targeted and 

predictable 

Affecting a small number 

of genes 

Genome editing Make specific changes to 

DNA 

Targeted and 

predictable 

Affecting a small number 

of genes 
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De novo 

domestication 

Set new genetic 

backgrounds 

Utilization of genes 

from wild plants 

Requiring genome editing 

system in wild species 

Applications of De Novo Domestication 
De novo domestication has recently been shown in a variety of species. One example is the domestication 

of wild relatives of plants to save 'ancient elite genes.' Only specific helpful alleles were selected when 

breeding aims in agricultural methods changed through time, while other worthless alleles were 

eliminated. Although, the disease resistant genes are controlled by multiple loci and not easy to be cloned 

which makes them inefficient by hybridization or genome editing. 

Conclusions 
Crop domestication was a gradual and laborious process that required just a few numbers of genes, some 

of which were even preserved across species. This opens the door to knowledge-driven crop domestication, 

as well as the prospect of de novo domestication. Genome-editing technology has shown to be a viable 

method for improving target features in many plants quickly and accurately. In recent years, there have 

been several successful cases. 
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Introduction 
Flower forcing is an operation or treatment to the plant, after it reaches the ripeness-to-flower stage, in 

order to stimulate it to flower at a specific date (e.g., on New Year’s Day), or during off-season period. The 

flowering date/period may be earlier or later than the normal date/period of flowering. 

Flower Forcing/Off-Season Flower Induction 
The system by which the flowers are produced in off-season is referred as ‘Forcing’. In Horticultural point 

of view, flower forcing is any operation imposed on the plants, after reaching. 

Goals of Flower Forcing 
The goals of such operation are as follows: 

1. Off-Season Production: Cut flowers that are available during their normal season are plentiful, thus 

fetching quite a low price.  Sometimes, the farmers have to sell their flowers at a loss, otherwise none can 

be sold.  

2. Specific-Date Production: Similarly, the demand for cut flowers is quite high during certain occasions, 

such as Christmas Celebration, New Year’s Day, Mother’s Day, Memorial Day, Valentine’s Day, 

Graduation Exercise Day, Buddhist Lent’s Day, etc. 

The Objectives/ Importance for Flower Forcing 
The objectives of forcing a plant to flower during off-season or at certain specific dates are as follows: 

1. To Avoid Surplus of flowers in normal season: Most of the flowers are produced during their 

respective seasons that have favourable conditions suitable for their production.  

2. To Avoid Wastage or Spoilage of Flowers: Unlike most other products, flowers are perishable with 

time. They are either spoiled or left as waste if not used, or sold. 

3. To Avoid Danger of Epidemics: on season production of flower is subject to a number of insect attacks 

and disease epidemics due to the presence of favourable climatic conditions for their growth. 

4. To Distribute Employment Throughout the Year: flower production requires intensive labour. 

During the normal peak season of production, most laborers are engaged in one job or another. 

5. To Increase Farmers’ Income: It is obvious that the farmer’s income will be higher by selling products 

that are on high demand. 

6. To Reduce Imports and Balance of Trade: It is the florists’ custom to import flowers from abroad or 

other state to satisfy the demands of the customers during certain times of the year when domestic 

production is not possible, even at a much higher price. Off-season flowers, or those produced at certain 

specific periods, help to reduce imports and balance of trade. 

7. To Satisfy the Customers at the Time of Needs: Generally speaking, the need for flowers of the 

customers is not seasonal, but spread all-year round depending on certain specific occasions. Off-season 

flowers, or those produced at certain specific dates, are to satisfy the customers at the time of their needs. 

Physiology of Flowering 
1. Hypothesis of Flowering        

2. Factors Affecting Flowering: 

a. Temperature 

b. Photoperiod 

c. Flowering Behaviour of Plants  
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i. All-Year Round 

ii. Little or no seasonal influenced.  

iii. Great seasonal influenced 

iv. Seasonal 

v. Temperature Influenced 

vi. Photoperiodic Influenced. 

Short-day Plants. 

Long-day Plants. 

Method of Off-Season Flower Forcing 
1. Mechanical Flower Forcing: 

a. Pruning 

 
b. Leaf Trimming 

c. Ringing:  

d. Low-temperature Storage 

e. Breaking Dormancy. 

 

2. Adjusting Factors Affecting Flowering: 

a. Temperature 

b. Photoperiod 

c. To induce flowering by giving optimum photoperiod  

d. To keep the plant in noninductive cycle so that it will not flower. 

3. Chemical Flower Forcing: 

a. Fertilizers: 

i. Retarding flowering 

ii. Stimulating flowering 

b. Plant Hormones: 

i. Gibberellins 

ii. Growth retardants 

iii. Ethylene 

Drawbacks of Off-Season Flower Forcing 
1. Lack of information 

2. Limited research on traditional flowers 

3. This might affect the yield, quality and fragrance of normal season bearing. 
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Conclusion 
Forcing enables the flower production during the off-season period when the demand for flowers is 

generally very high. Off-season flower induction will enhance the income of the farmers and thus, increases 

their livelihood. From the consumer point of view, flowers are available throughout the year. 
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Abstract 
The Indian state of Rajasthan is one of the most beautiful states in the country. With a population of only 

6 crore people, it is rich in folk culture and heritage. Agriculture is the most common occupation in 

Rajasthan. Mahatma Gandhi’s Ayushman Bharat Rajasthan Swasthya Bima Yojana is a health-

insurance program launched by Chief Minister Ashok Gehlot’s administration. It was announced on 

August 30th, 2019. Because it combines the AB-PMJAY and BSBY schemes, the AB-MGRSBY is predicted 

to be particularly beneficial to the beneficiaries. AB-MGRSBY benefits the policyholders by offering the 

following features-Cashless Hospitalisation, Wide Sum Insured Range- AB-MGRSBY comes with a wide 

sum insured range. The main sum insured for every family covered is Rs. 5 lakh per year, which is 

segmented as Rs. 50,000 for secondary illnesses and Rs. 4,50,000 for tertiary illnesses, Huge Network of 

Hospitals, Health Insurance on Family Floater Basis. 

Introduction 
Ayushaman Bharat Mahatma Gandhi Rajasthan Swasthya Bima Yojna was launched on 30th January 

2021 by Chief Minister Ashok Gehlot. The state government had the ayushaman bharat scheme in 

Rajasthan on September 1, 2019 by combining the Ayushaman Bharat- Pradhan Mantri Jan Arogya 

Yojana of the center and the state’s Bhamasha Swasthya Bima Yojana. The combined new scheme named 

the Ayushaman Bharat Mahatma Gandhi Rajasthan Swasthya Bima Yojna. The scheme offers 

cashless medical treatment to lower-income citizens of Rajasthan. It is an umbrella health scheme. this 

scheme coverage health insurance in 5 lakh and family floater.in this scheme the policy tenure with in one 

year and this scheme provided 1575 are both government and private empanelled hospitial.  As a result, it 

will benefit about 1.10 crore families in Rajasthan. 

Keywords: Ayushaman Bharat Mahatma Gandhi Rajasthan Swasthya Bima Yojna scheme, Health 

Coverage for Families from Cashless Hospitalisation. 

AB-MGRSBY 2021 Eligibility Criteria 

 
Sources: https://in.images.search.yahoo.com/ 
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The eligibility criteria for the Ayushman Bharat Mahatma Gandhi Rajasthan health insurance scheme 

2021 is as follows: 

1. Families must be Rajasthani natives 

2. Members of the Ayushman Bharat (PMJAY) scheme 

3. Families under Socio Economic Caste Census (SECC) 2011 

4. Eligible families under the National Food Security Act (NFSA) 

5. Beneficiaries must have Aadhaar card, Bhamashah card/Acknowledgement Slip. 

How to Raise a Claim Under (AB-MGRSBY) 
To raise a claim under Ayushman Bharat Rajasthan Swasthya Bima Yojana, you need to follow the steps 

given below: 

1. Visit the hospital where you want to get medical treatment 

2. Contact the Swasthya Marg Darshak at the hospital 

3. Carry the required documents to the hospital 

4. Get discharged without paying the bill as it will be covered under the AB-MGRSBY scheme. 

5. Treatment takes for your illness. 

Documents Required for AB-MGRSBY 
These documents are required to avail the benefits of the Ayushman Bharat Mahatma Gandhi Rajasthan 

health insurance scheme: 

1. Jan Aadhaar Card or Bhamashah Card/ Bhamashah acknowledgement slip 

2. Aadhaar Card 

3. Ration card number 

4. Letter of Ayushman Bharat scheme 

5. 23-Digit HHID number 

It is mandatory to link your ration card and Aadhaar card number to the Bhamashah card by visiting your 

nearest e-Mitra centre. 

Benefits of Ayushman Bharat Mahatma Gandhi Rajasthan Swasthya Bima Yojana 2021 
The following are the coverage benefits of Ayushman Bharat Mahatma Gandhi Swasthya Bima Yojana 

Rajasthan: 

1. New-born baby coverage 

2. In-patient hospitalization expenses 

3. Pre-hospitalization expenses for up to 5 days before getting admitted 

4. post-hospitalization expenses for up 15 days after getting discharged from the hospital 

5. Day care treatment expenses. 
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Scope and Need for Farming System 
Agricultural development has undergone profound changes during the last two centuries. In India, during 

the past four decades, crop improvement, improved production technologies, crop protection technologies 

were introduced. However, all these development activities were confined to agriculturally intensive 

districts of our country. The improved technologies pose problems like: 

a. High cost of inputs 

b. Fluctuation in market price of farm produce  

c. Environmental pollution  

d. Soil degradation due to depletion of nutrients 

e. Low level of government support by way of giving subsidy to the farming community. 

Technologies developed for individual crop became economically not viable and sustainable. Hence the 

farmer has to link two or more allied enterprises to enhance his income. In this context farming system 

play a vital role. 

Similarly, drylands which constitute 99 million hectare and dryland farmers who are mostly marginal and 

small farmers (70% of farmer) face many problems. 

a. Due to uncertain rainfall, the yield and income from the crop is uncertain 

b. The farm labourers are underemployed as the crop season is confined to four months only. 

c. Natural resource degradation i.e., soil and nutrient loss due to water and wind erosion. 

d. Under such situations the farming system approach forms the only solution to the poor, marginal 

and small farmers of India. 

Basic Principles in Developing Sustainable Farming Systems 
1. Sustainable agricultural system must be economically viable, dynamic and adoptable to changing needs 

and priority to renewable natural resources. 

2. Meet the needs of the present and future generations 

3. Prevent the soil degradation 

4. Integrated control mechanisms 

5. Avoid over exploitation of forests, pastures, etc. 

Advantages of Integrated Framing System 
1. Productivity: IFS provide an opportunity to increase economic yield per unit area per unit time by 

virtue of intensification of crop and allied enterprises. Time concept by crop intensification, and space 

concept by building up of vertical dimension through crops and allied enterprises are the ways to increase 

productivity indicated above. 

2. Profitability: The system as a whole provides opportunity to make use of the produce/waste material 

of one component as input on another component at the least cost. Thus, by reduction of cost of production 

of individual components, the profitability per rupee invested is much enhanced 

3. Potentiality/Sustainability: Of late with an enthusiasm to produce more and more within the land 

area available to meet the requirement of additional population recorded at 2.2% every year huge quantum 

of inorganic fertilizers inorganic pesticides, fungicides, herbicides etc. are dumped. Thus, there is every 

likelihood of soil and environment becoming polluted and the productivity of the soil would automatically 

be reduced in the years to come. 

In IFS organic supplementation through effective utilisation of by-products of linked components as 

manures is possible and thus it will certainly provide an opportunity to sustain the potentiality of the 

production base viz., soil for much longer periods. 
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4. Balanced Food: In IFS, we link components of varied nature enabling to produce different sources of 

nutrition viz., protein, carbohydrate, fat, minerals, vitamins etc. form the same unit area. This will provide 

an opportunity to solve the mal nutrition problem that exists in the diet of the Indian farmers. 

5. Pollution from environment:  In the process of production in the crop-based activity, some of the 

organics are let as waste material and such materials when ignored as such will pollute the environment 

on decomposition. 

Similarly, application of huge quantity of fertilizer, pesticide, fungicide and herbicide pollute the soil, water 

and environment to an alarming level. In the case of integrated Farming system, waste materials are 

effectively utilised by linking appropriate components and thus utilising the byproducts as organic 

manures. Thus, IFS absolutely helps in avoiding environmental pollution on longer run.  

6. Recycling: IFS establish its stability due to effective recycling of produces/waste material of any one of 

the components as input on the other component linked in the program. Thus, by way recycling their own 

material at the farm level, the farmer could able to reduce the cost of production which enables ultimately 

to increase the net income of the farm as a whole. Moreover, it also helps in reducing the environmental 

pollution expected out of decomposition of organic residues of the farm activity.  

7. Money round the year: Unlike conventional crop activity where the money is expected only at the time 

of disposal of the economic produce received after five to fifteen months depending upon the duration of the 

crop, the IFS provides flow of money to the farmer round the year; by way of disposal of eggs, milk, edible 

mushroom, honey, cocoons of silkworm etc. This will help the resource poor farmer to get away from the 

money lenders and from other financing agencies. 

8. Solve energy crisis: In IFS by way of effective recycling technique the organic wastes available in the 

system can be utilised to generate biogas. Though this may not be a source for complete supplementation, 

at least to certain extent the energy crisis anticipated can be solved. 

10. Solve fodder crisis: In IFS each and every cm2 of land area is effectively utilised. Growing of perennial 

fodder legume trees in the borders and watercourses is a recommended practice in IFS. This practice not 

only helps in supplementing legume fodder but also enriches soil nutrient by fixing the atmospheric 

nitrogen.  

11. Solve fuel and timber crisis: In IFS by linking agro-forestry appropriately the production level of 

fuel-wood and industrial wood can be enhanced without detrimental effect on crop activity in the field level. 

12. Avoid degradation of forests: There is a vast gap between the demand and production level as far 

as fuel wood and timber are concerned. This will naturally induce the users to encroach on the forest area 

nearby illegally to bridge the gap. 

By linking agro-forestry in IFS, the degradation of forest area could be minimised to certain extent by 

supplementation of fuel and timber wood. 

By way of preserving the natural eco-system in the catchment areas, precious built-up soil can also be 

preserved from erosion danger. 

13. Employment Generation: Combining crop enterprises with livestock enterprises to take advantage 

to complementary and supplementary relationships between them, would increase the labour requirements 

tremendously and can help in solving the problem of under employment to a great extent. IFS provide 

enough scope to employ family labour round the year.  

14. Improves literacy: The farmer, who adopts IFS by combining different components like fishery, 

sericulture, mushroom cultivation, apiary, spawn production, dairy, poultry, agri-horticulture, Agro-

forestry-biogas production etc., becomes an expert in each and every aspect of individual component on 

long-range adoption. This expertise will help the farmer to face any challenge in their activity. 

15. Provides opportunity for Agri-oriented Industries: When once the producers of different 

components linked in IFS are increased to commercial level and if there is glut in the market, leads to the 

development of side industries for preserving the byproducts. 

16. Increase input efficiency: The IFS provides enough scope to use the inputs on different components 

very effectively. This again leads to increased benefit cost ratio. 
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17. Standard of living of the farmer increased: When once provisions are made in the farm level to 

generate bio-energy, produce edible mushroom, fruits, eggs, milk, honey, vegetables etc., for the family use 

of the farmer apart from commercial purposes through IFS, creates a sort feeling among the farmers that 

they are no way inferior to other professionals in the region.  When they feel that the standard of living is 

on par with others and this will act as a booster tonic to continue agricultural profession without any 

reluctance. 
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‘Health is wealth’ is known to everyone. But few people only put this adage into practice by doing exercises, 

yoga, ealking, aerobics etc. for walking I found KBR is the right place as it has walkway with ups and 

downs, slopes, steps and plain areas. I am a regular walker and tried in Krishnakanth park, Vengalarao 

park and KBR. Since Krishnakanth park is situated next to the dumping yard, it stinks on one side of the 

park and Vengalarao park is having a small walking track so that one needs to make so many rounds to 

complete 45 minutes brisk walk. But KBR has 4.4 Km continuous track on the outer boundary for which 

no need to pay a single paisa. If you want privacy from the public as you are a celebrity, you can choose to 

walk inside the park by taking monthly or yearly pass. It is such a wonderful experience to walk in this 

park as you can hear bird’s chirping sounds, enjoy fresh air and see our national bird i.e., peacock. 

Moreover, Kasu Brahmananda Reddy Park is having in-situ biodiversity conservation which is housing a 

lot of flora and fauna apart from our national bird i.e., peacock. It is such a great treasure for Hyderabadis 

to have KBR in the heart of city, yet away from this hustle-bustle concrete jungle. One more interesting 

thing to observe is different kinds of exercises being done by walkers – yoga, meditation, karate, kids 

playing tennis, people stealing mangoes during summer season from the park, plucking the flowers for 

their pooja etc. Some will be walking with mobile phones playing songs, some chatting while walking, some 

serious and lonely walkers, group walkers, couple walkers. In fact, it is even more soothing to see full moon 

in the early hours of winter season while walking in that green forest. On many significant weeks ends, lot 

of marathons happen from here. It’s a pleasant experience for me as I start my day by relating to nature. 

Every day I look forward to experiencing the dawn in the park. 
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Introduction 
About 14 -15% crop losses due to pathogen attack which effects on yield as well as nutritional qualities of 

crops which in turn effects on economy. Plants are constantly exposed to pathogens and pests, and thus 

have a sophisticated immune system to ward off these threats. It is generalized resistance mechanism in 

plants where perception of PAMPs (Pathogen Associated Molecular Pattern)/MAMPs (Microbe Associated 

Molecular Pattern) by PRR (Pattern Recognition Receptors) which induces PTI (PAMP Triggered 

Immunity). In turn pathogen evolved production of proteins called EFFECTORS and the perception of 

these effector molecules by R-Protein/R-Gene which induces ETI (Effector Triggered Immunity) (Jones & 

Dangl, 2006). Resistance is the most common response of plants to pathogens and susceptibility is the 

rare event. 

 
Fig. 1 Simplified model of plant innate immunity. 

PTI; surface immunity, which contributes to basal immunity to adapted pathogens as well as non-host 

resistance to non-adapted   pathogens through the induction of both local and systemic immune responses. 

Receptors 
Plants employ receptor-like kinases (RLKs) and receptor-like proteins (RLPs) as pattern recognition 

receptors (PRRs) to monitor their apoplastic environment and detect non-self and damaged-self patterns 

as signs of potential danger. Plant PRRs contribute to both basal and non-host resistances (Boutrot and 

Zipfel, 2017). Signal transduction downstream of perception involves tightly regulated crosstalk between 

RLKs and ROS production and signaling and defense and growth hormone signaling that drive changes in 

gene expression, resulting in specific defense responses. Outcomes for most plant pathogen interactions 

may be governed by quantitative resistance (Kimura et al., 2017). 

Wall-Associated Kinases (WAKs) 
The wall-associated kinase gene family is a unique subfamily of RLKs in plants. The WAKs contain a 

cytoplasmic serine threonine kinase, a transmembrane domain, and a less conserved region that is bound 

to the cell wall and contains a series of epidermal growth factor repeats. Evidence is emerging that WAKs 

serve as pectin receptors, for both short oligogalacturonic acid fragments generated during pathogen 

exposure or wounding, and for longer pectins resident in native cell walls. 
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WAK-Dependent Signaling Pathway 

 
Fig.2: A model for pectin–WAK regulation of growth and the stress response 

Here the type and concentration of pectin present in the wall could lead to a WAK-dependent activation of 

different signaling pathways. Unchallenged but expanding walls would preferentially activate via WAKs a 

cell expansion path that includes MPK3 pathway. MPK6 is either repressed or not activated, and 

downstream gene activation leads to cell growth. In the presence of OGs, fragmented pectins, generated by 

pathogens or wounding, WAKs now activate MPK6 as well as MPK3, and the subsequent change in gene 

expression leads to a stress response. MPK6 and MPK3 are activated by many other pathways, and induces 

defense as well as in growth and development. 

Role of WAKs 
This ability to bind and respond to several types of pectins correlates with a demonstrated role for WAKs 

gene family in plant development (cell expansion), biotic stress (response to pathogens), and abiotic stress 

responsiveness (heavy metal stress tolerance, tolerance to phosphorus deficiency, against environmental 

stimuli, pollen fertility, senescence, maintaining connectivity between cell wall and plasma membrane 

expressed at organ junctions, in shoot and root apical meristems, in expanding leaves, and in response to 

wall disturbances) (Kohorn, 2016; Boutrot and Zipfel, 2017). The WAK genes ZmWAK (qHSR1), ZmWAK-

RLK1 (Htn1) and OsWAK (Xa4) confer disease resistance against maize head smut, maize northern corn 

leaf blight (NCLB) and rice bacterial blight, respectively. 

ZmWAK-RLK1 was found to localize to the plasma membrane and its presence resulted in a modification 

of the infection process by reducing pathogen penetration into host tissues. The contents of several BXs 

including DIM2BOA-Glc were significantly lower when ZmWAK-RLK1 is present. DIM2BOA-Glc 

concentration was significantly elevated in ZmWAK-RLK1 mutants with compromised NCLB resistance. 

Maize mutants that were affected in overall BXs biosynthesis or content of DIM2BOA-Glc showed increased 

NCLB resistance (Yang et al., 2019). 

Summary 
Plants employ RLKs and RLPs as PRRs which contribute for both basal and non-host resistance. The WAK 

gene family is a unique subfamily of RLKs in plants. WAKs serve as pectin receptors, for both short 

oligogalacturonic acid fragments generated during pathogen exposure or wounding. WAKs play a crucial 

role in plant development (cell expansion), biotic stress (response to pathogens), and abiotic stress 

responsiveness (heavy metal tolerance, tolerance to phosphorus deficiency and others). 
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Introduction 
Climate change has become a burning issue in the present century by changing the properties of the 

atmosphere like rainfall, humidity, temperature, etc. Green House Gases are having a major share in 

climate change, CO2 being an important culprit in the scenario. Due to the increased Co2 concentration, 

there is an increase in atmospheric temperature, leading to Global Warming. Global warming is likely to 

rise to 1.5° C between 2030 and 2050 if it continues to increase at the current rate (IPCC, 2018). 

Definition of Climate Change 
The term “Climate change” was proposed by World Meteorological Organization in 1966. “It is defined 

as a change which is attributed directly or indirectly by human activity that alters the composition of the 

global atmosphere and which is in addition to natural climate variability observed over comparative time 

periods” (UNFCCC). (OR) It refers to any change in climate over time, either due to natural variability or 

as a result of human activity [Intergovernmental Panel on Climate Change (IPCC, 2007)]. 

Impacts on Agriculture Productivity/Food Security 
Climate change is projected to have significant impacts on agricultural conditions, food supply, and food 

security. Some of these effects are biophysical, some are ecological, and some are economic, including: 

1. A shift in climate and agricultural zones towards the poles. 

2. Changes in production patterns due to higher temperatures. 

3. A boost in agricultural productivity due to increased carbon dioxide in the atmosphere 

4. Changing precipitation patterns. 

5. Increased vulnerability of the landless and the poor. 

Environmental Factors Affecting Plant Disease 
Changes in the earth’s atmosphere may affect interactions between plants and their attackers resulting in 

significant effects on crop yields in agriculture. A susceptible host will not be infected by a virulent pathogen 

if the environmental conditions are not conducive to disease. The change in CO2 concentrations, 

temperature, and water availability can have positive, neutral, or negative effects on disease development, 

as each disease may respond differently to these variations. Climate changes influence the emergence of 

plant diseases such as Puccinia graminis, Rhizoctinia bataticola, Fusarium graminearum, Xylella 

fastidiosa, Candidatus Phytoplasma phoenicium sp. nov., Tomato leaf curl New Delhi virus etc., (Avila-

Quezada et al., 2018). 

The environment–host-pathogen tripartite interaction operates within a continuum, from interactions fully 

conducive for disease (disease optima) to those that maintain healthy plants. Environmental conditions 

can have profound effects on a host plant’s physiological state, including its growth, immune signaling and 

abiotic stress response, as well as a pathogen’s survival, germination, and expression and delivery of 

virulence factors. These variable environmental conditions can render the same plant fully susceptible to 

being fully resistant, while the pathogen could range from being able to cause severe disease to be only 

weakly pathogenic. The three most important environmental variables predicted to change in this century 

are atmospheric CO2 concentration, temperature, and water availability. 
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Fig.1: Impact of environmental conditions on plant-pathogen interactions 

Diseases Under High CO2 
Crop Disease Status Reference 

Rice Blast (Magnaporthe oryzae), Sheath blight 

(Rhizoctonia solani)  

  Increased Kobayashi, 2006 

Wheat Septoria leaf Blotch, Head blight 

(Fusarium graminarum) 

Increased Vary et al., 2015 

Maize Smut (Ustilago maydis) Increased Luke, 2011 

Plant resistance pathways include pattern-triggered immunity (PTI), effector-triggered immunity (ETI), 

RNA interference, and defense hormone networks are all affected by environmental factors (Velasquez et 

al., 2018). In Arabidopsis plants, basal expression of the JA-responsive marker gene PDF1.2 increased at 

increasing CO2 concentrations. The SA- responsive marker genes ICS1 and FRK1 expression decreased 

under high CO2 and increased under low CO2 (Zhou et al., 2019). In Barley, elevated CO2, O3 and 

temperature, individually and in combination, affected the severity of powdery mildew and spot blotch 

disease. 

Diseases Under Higher Temperature 
Crop Disease Status Reference 

Grapevine Downey mildew 

(Plasmopora viticola) 

Increase in temperature 

and precipitation 

  Salinari et al., 2006 

Apple (Kashmir) Alternaria sp. Prolonged rains followed 

by high temperature 

Bhat et al., 2015 

Wheat and barley Leaf rust  

(Puccinia triticina) 

Increased   Jahn et al., 1996 

Sugar beet Powdery mildew (Erysiphe 

betae) 

Increased Jahn et al., 1996 

Sugar beet Leaf spot (Cercospora 

beticola) 

Increased Richerzhagen et al., 

2011 

Humidity, water availability and change in temperature can influence the effectiveness of PTI signalling. 

In Arabidopsis, short warm-temperature treatments induced higher PTI-associated MAPK (mitogen-

activated protein kinase) phosphorylation and PTI marker gene expression after PAMP exposure (Cheng 

et al., 2013). High temperature suppresses ETI by reduction of nuclear localization of the N gene coded R 

protein was observed after recognition of the TMV coat protein at 22 °C but not at 28 °C. The disease 

development in the combination treatments, where powdery mildew infection increased despite the 

individual reducing effect of the climatic factors, and spot blotch disease decreased despite the individual 
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promoting effect of temperature and ozone, emphasizing the importance of conducting multifactorial 

experiments. 

Conclusion 
Climate systems may change more rapidly than in the past. If changes in atmospheric composition and 

global climate continue in the future as predicted, there will be the relocation of crops and their diseases 

and impacts will be felt in economic terms from crop loss. There are environmental optima for plant immune 

and pathogen virulence systems to function properly. Environmental deviations from these optima 

inevitably reduce the strength of plant immunity or pathogen virulence. The final impact on disease reflects 

the combined environmental effects on plant immunity and pathogen virulence. 

Future Thrust 
There should emphasize research on the effect of climate change on plant diseases under field conditions 

or disease management under climate change. Emphasis must shift from impact assessment to developing 

adaptation and mitigation strategies and options. New technologies will also enable us to more accurately 

forecast future pathogen epidemics by using nanosensors to detect pathogen populations in the field. A 

better understanding of gene expression in plants and pathogens in response to climatic factors. 
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Introduction 
Innovative sustainable packaging is intended to address waste and loss reduction by preserving food 

quality. It also helps keep food safe by preventing food-borne diseases and chemical contamination. It 

should deal with the long-term, important problem of plastic trash piling up in the environment. Packaging 

is one of the most important parts of keeping food fresh. It does this mainly by controlling the exchange of 

gases and vapours with the outside air. This helps keep food fresh during storage, prevents food-borne 

diseases and chemical contamination, and extends the shelf life of food. 

When food and its packaging are thrown away together, it makes the environment go terrible. Between 

2015 and 2016, the amount of plastic made went up by 4.2%, to 335 million tonnes. After a single and very 

short use as food packaging, 40% of the plastic ends up in a landfill, which is equivalent to 9 million tonnes 

of plastic packaging waste that will end up in soils. Another 32% leak out of collecting and sorting systems 

and end up in the soil and ocean as well (Jambeck et al., 2015). This marine and soil litter first breaks down 

into micro-sized particles and then into nano-sized particles. Since these particles are so small, they can 

easily get into living things like fish and move up the food chain, all the way to humans, where they have 

very bad long-term effects. If production and use keep going in the same way and nothing is done, there 

may be more plastic in the ocean than fish by 2050. 

Sustainable Packaging 
Sustainable packaging means making packaging film out of materials that can be recycled. It also means 

using life cycle assessments and life cycle inventories to make sure that the packaging has as little of an 

impact on the environment as possible. Packaging that meets the criteria set out by the Sustainable 

Packaging Coalition is considered sustainable. 

 
1. Throughout its whole lifespan, beneficial, risk-free, and healthy for consumers, communities, and the 

environment; 

2. Complying with market requirements in terms of both performance and price; 
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3. Renewable energy sources used in the sourcing, manufacturing, transporting, and recycling of the 

product; 

4. Maximising the use of materials derived from sources that are either renewable or recycled; 

5. Manufactured with the use of clean production methods and industry-standard processes; 

6. Produced with materials that are risk-free in any and all possible scenarios regarding their end of life; 

7. Physically constructed to make the most efficient use of resources and energy; 

8. Effectively collected and put to use in closed-loop cycles, whether biological or industrial in nature. 

Eco-Friendly Food Packaging 
Glass packaging: In the United States in 2010, 9.36 million tonnes of glass packaging waste was 

produced, and 33.4% of the used material was recycled, making glass the most recycled packaging material 

in terms of weight recovered (EPA, 2010). A 10% cullet addition to recycled glass reduces energy use by 

2.5%. Glass bottles are technically recyclable indefinitely, however only around 75% are recycled since the 

remaining 25% are lost or broken in the process. Glass is heavier than other packing materials, therefore 

transporting it uses 5–6% of the total energy consumed, making it appear more expensive than transporting 

other materials. 

Metal packaging: The good news is that cans made from recycled materials use as little as 4-8% of the 

energy necessary to create the equivalent cans from bauxite ore. Metal containers are a fantastic choice for 

recycling because they are inexpensive and infinitely recyclable. When compared to natural aluminium 

production, recycled aluminium can save 70-90% of the energy. Aluminum can be easily separated from 

other metals during the recycling process. Iron and other ferrous metals can be separated using a magnetic 

separator or flotation since they are lightweight and not magnetic. Internal coatings, ink, and any other 

organic pollutants are eliminated throughout the recycling process. 

Paper Packaging: Paper is a superior material since it can be recycled and decomposed without much 

effort. Paper is reused and recycled at a rate of 80% and 20%, respectively. Over the past decade, there has 

been a rise in the percentage of recycled paper and paperboard. There were 37.7 million tonnes of paper 

and paperboard packaging waste in 2010. Of this, 71.3% was recycled (EPA, 2010). Due to the potential 

presence of contaminants introduced during the recycling process, recycled paper is unsuitable for use in 

most food contact packaging applications. Paper that has been recycled is never used for serving or 

packaging food. Physical and mechanical properties can be optimised by blending virgin and recovered 

fibres in varying quantities. 

Plastic packaging: Gas from natural gas processing, as well as feedstock derived from refining crude oil, 

is used in the production of plastic. We all know that the extraction of oil and natural gas can have serious 

consequences for the surrounding ecosystem, EPA research from 2014 found that recycling rates for plastic 

were only 9.5%, with 15% being burned for energy and the remaining 75.5% being dumped in landfills. PET 

recycling rates in India are the highest in the world. Of all PET bottles in India, 42% are recycled, 38% are 

sent to landfills, and 20% are incinerated. 

Biodegradable and Compostable Food Packaging 
Natural biopolymers developed from renewable sources that are biodegradable seem to be a promising 

alternative to traditional plastics in light of growing concerns about waste disposal issues and the 

environmental effects of plastics based on petroleum. Additionally, there has been a significant rise in oil 

prices recently. These facts have raised interest in biodegradable polymers made without petroleum. 

Biodegradation occurs as a result of the action of enzymes and/or biochemical deterioration linked to living 

organisms, and biodegradability depends instead on the chemical structure of the polymer and the 

environmental circumstances rather than the sources of the raw materials used to produce the polymer. 

Chemical structure, such as the chemical linkage, pending groups, etc., is related to susceptibility to 

degradation and environmental circumstance is related to living organisms. 

It might be difficult to use biodegradable packaging materials if you want to preserve their mechanical and 

barrier qualities during the product's shelf life and, ideally, have them decompose swiftly after use. In 

filling and sealing machinery, the materials should ideally perform similarly to conventional packaging 

while costing the same. According to their place of origin and technique of synthesis, bio-based 

biodegradable polymers can be divided into three major types (van Tuil et al., 2000). 



 

 
Volume 04 - Issue 12 - December 2022       238 | P a g e  
 

1. Directly removing or extracting polymers from biomaterials (for example, starch, cellulose, casein, etc.). 

2. Monomers made from biomaterials are converted into polymers using the standard chemical synthesis 

process (for example, polylactide polymerized from lactic acid monomers). 

3. Polymers made by microorganisms directly (for example, polyhydroxyalkanoates). 

Biodegradable Polymers from Agricultural Crops 
This category includes, for instance, starch-based polymers. Starch is a cheap, readily available, and eco-

friendly material. When it comes to bioplastics, corn starch is by far the most popular option. Starch films 

are hydrophilic and have low mechanical strength if left unaltered. Forget about using them in any sort of 

packaging; they don't cut it. Biodegradable plasticizers such as glycerol and other low molecular weight 

polyhydroxy compounds, polyethers, etc., can reduce the brittleness of starch-based bioplastics (van Tuil et 

al., 2000). 

Plants produce a variety of polysaccharide resources, the most common of which being cellulose. Cellulose 

is a linear polymer composed of very long macromolecular chains made up of glucose monomers. Cellulose 

has many undesirable properties, such being extremely crystalline, brittle, infusible, and insoluble in all 

organic solvents (Chandra et al., 2007). Chemically modifying cellulose to make it soluble, followed by 

regeneration of the cellulose after it has been formed into film, yields cellophane films. 

Biodegradable Polymers Synthesized from Bio-Derived Monomers 
Polylactic acid (pla): PLA is a biodegradable polymer used in food packaging. PLA is created chemically 

by starting with simple sugars derived from biomass and fermenting to lactic acid. The most popular 

method for producing PLA is ring opening polymerization by condensation of lactide with metal catalyst 

tin octoate at high temperatures but less than 200oC. PLA is currently industrially processed using the 

same technology as traditional petroleum-based thermoplastics. It is marketed for single-use packaging 

applications such as bottles, cold drink cups, thermoformed trays and lidded containers, blister packages, 

overwraps, and flexible films. PLA biodegradability improved by grafting with chitosan. Polylactic acids 

offer good moisture and oxygen barrier qualities and are currently used in bakery and confectionery 

wrappers, paperboard coatings for cartons, and water bottles. 

Biodegradable Polymers Produced Directly by Microorganisms 
Polyhydroxybutyrate: Bacteria make natural polyesters called poly (β-hydroxy-alkanoate) s (PHAs) from 

sugars or lipids. In response to nutritional constraints, bacteria produce and store PHA polymers as 

intracellular food and energy. Bacteria can store up to 60–80% of their weight in PHA to avoid hunger in 

the absence of key macro-elements like phosphorus, nitrogen, trace elements, or oxygen. Bacteria, fungi, 

and algae in different conditions break down PHAs. Poly (hydroxybutyrate) (PHB), the simplest and most 

common PHA, has excellent crystallinity and good gas barrier performance, making it popular for food 

packaging. It's possible that combining PHB with other polymers will make its qualities better. 

Synthetic biodegradable polymers: Synthetic biodegradable polymers derived from petrochemical 

feedstock’s with hydrolytic microbial attack-prone groups. Polycaprolactone (PCL) is a semi-crystalline 

aliphatic polyester with a low melting point (60℃). It degrades fully in marine, sewage, sludge, soil, and 

compost habitats. Another synthetic biodegradable polymer that is entirely soluble in water is polyvinyl 

alcohol (PVOH). Since 1970, researchers have been investigating the use of starch and PVOH as 

biodegradable packaging material. It is currently utilised to make starch-based loose fillers as a 

replacement for expanded PS. Polyesters, polyamides, polyurethanes and polyuria’s, poly(amide-enamine) 

s, and polyanhydrides are examples of synthetic biodegradable polymers (Nair & Laurencin, 2007). 

Recent Developments in Biodegradable Packaging 
1. Maize Plastic: Using an industrial resin called PLA and corn kernels, a number of businesses have 

produced a biodegradable plastic. 

2. Bamboo: Bamboo is one of the plants that grows the quickest on the planet, making it a great substitute 

for paper and plastic. Australian company Centaur Packaging makes plates, bowls, and cutlery from 

bamboo. 
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3. Plant fibres: Biodegradable packing materials are frequently made using cellulose derived from plant 

stuff. 

 

4. Wood fibres: Paper is made from wood pulp, which is recycled into different paper goods. However, 

Innovia Films, founded in the UK, uses wood pulp to produce a cellulose-based film that resembles plastic. 

5. Mushroom: To package their wares, marketers are utilising mushrooms. To replace 

polystyrene/styrofoam packaging, mycelium, the portion of mushrooms and other fungus that consists of 

thread-like roots, is blended with seed husks. (GoG, 2017 Agro and Food Processing). 

Conclusion 
Plastic packaging is not sustainable because it is difficult to recycle and detrimental to the environment. It 

is best to choose recyclable packaging materials that are kind to the environment, such as glass, metal, and 

paper, to conserve resources and have the fewest negative effects on the environment. The issue of 

packaging waste can be lessened by using recently created biodegradable packaging made from dairy or 

agricultural waste. 
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Abstract 
Urban agriculture aids in achieving self-sufficiency for the needs of ever-growing population. It also ensures 

nourished food by providing various kinds of fresh fruits and vegetables. Urban farming facilitates any 

agricultural practices to implement anywhere at any time in an advanced way. Since 1980’s, hydrogel 

application is used in agriculture as it is allowing plants to grow in arid areas, soil less media (cocopeat, 

perlite etc.) and facilitating seed germination. However, the application and practical usage is still being 

examined in a great variety of crops.  

Keywords: hydrogel, polymer, medium, urban agriculture. 

Introduction 
With the burgeoning population and urbanization, there is a need of new approach that provides solutions 

for supplying food products and lessen the dependence of traditional way of farming. Recent approaches in 

the urban agriculture have to address the expected food grain production by exploiting the light, nutrient 

solution and plant growth medium. Water scarcity is an important problem and it might aggravate further.  

The crucial developments in the urban farming are the usage of hydrogel in the plant growth medium 

which acts as a water reservoirs and nutrient mobiliser. Hydrogel is used as a main component in the plant 

growth medium for the last five decades in the agriculture and it is allowing plants to grow in arid areas, 

and facilitating seed germination. 

They are commonly known as cross-linked three-dimensional networked water absorbent polymers. In the 

late 1980’s, hydrogel is developed to improve the physical properties of the soil and are listed below:  

1. Increase water holding capacity 

2. Increase water use efficiency 

3. Enhance soil permeability and infiltration rate 

4. Reduce irrigation frequency 

5. Reduce compaction tendency 

6. Stop soil erosion, farm run-off & surface leaching 

7. Increase plant performance, particularly in structure-less soils stressed with drought condition. 

Types Of Hydrogels 
Hydrogel classification can be done by taking different criteria such as source of material origin, 

composition of polymers, configurations, types of crosslinking, physical structures and electrical network 

charges. Often, it is produced from either artificial/synthetic-based or bio-based compositions. 

Synthetic-based polymers derived from petroleum-based materials and are less hydrophilic and 

mechanically stronger than the bio-based hydrogels. Whereas, the natural/bio-based polymers derived from 

natural sources, viz., cellulose, chitin starch, lignin, and kenaf fiber and are commonly used in agriculture, 

as these are non-toxic, biodegradable, low cost, and ample sources.  

Some of the natural-based hydrogels such as cellulose, chitin, and chitosan, having hydrophilic functional 

groups. These helps in water absorption and can hold large amounts of water. The chemical reactions, 

polymerisation, graft polymerisation, network formation of water-soluble polymer, and radiation 

crosslinking helps the hydrogels to form the crosslinks chemically. 

However, ionic interactions, hydrogen bonds, hydrophobic interactions help the hydrogels to form the 

crosslinks physically. The advantage of chemically crosslinked hydrogels is having permanent linkages as 

compared to physically crosslinked hydrogels. 
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Advantages 
1. Acts as potting medium: Potting medium is one of the most important factors which influences the 

plant growth. It is a medium which provides favorable conditions for the plant growth and also for the 

establishment of root system. Examples are sphagnum moss, rock wool, cocopeat, and perlite, are lighter 

in weight as compared to bulky compost. The lightweight growing medium has its own advantages like 

easy handling and commonly preferred for soilless culture systems. Due to the high flexibility of hydrogels, 

it can be mixed with various kinds of non-toxic cellulose-based materials such as cellulose derivatives, 

sawdust cellulose, rice ash, wheat straw, pineapple peel, and oil palm empty fruit bunch, as the precursors 

in making the hydrogel. 

2. Alternative to soilless agriculture: Sand, peat, rock wool, sawdust, cocopeat, compost, perlite, 

vermiculite, zeolite, and volcanic rock are used as a medium rather than soil in water deficit conditions. 

The usage of hydrogel could improve the crop yield and also provide the nutrients. Furthermore, hydrogel 

is considered as a soil conditioner, as it effects the soil structure to infiltrate water into the soil, soil erosion 

can be minimized by reducing the runoff, reduction in soil compaction, aids in plant growth during water 

scarce conditions.  

3. Efficient irrigation and fertilizer application: Hydrogel application helps in water retention for a 

longer period of time and when applied as soil amendment in sandy soils, results in reducing the number 

of irrigations. The studies have proven that usage of hydrogel in vegetable cultivation on sandy soils is 

significant due to the availability of water in treated soils is 1.5-2 times higher than the non-treated soils.  

With the discriminate use of fertilizer application to the soil is deteriorating the soil health. However, the 

critical innovations of the hydrogel-based fertilizers, which are meant to reduce the need of frequent 

nutrient applications. Basically, they are classified into two types, i.e., controlled release fertilizers (CRF) 

and slow-release fertilizers (SRF). CRF is manufactured by having an encapsulated nutrients within either 

organic or inorganic that administer the quantity, pattern and duration of the fertilizer release. SRF is 

having a physical coating of the hydrophobic materials to control the fertilizer release. Hydrogels with SRF 

are produced with urea fertilizer in halloysite nanotubes (HNTs) under vacuum and embedding together 

with sweet potato starch by free-radical copolymerization is found to slow down the release rate of fertilizer. 

Constraints 
The major limitation of the bio-based hydrogels is the poor mechanical strength and resistance and fragile 

to sustain compared to the synthetic based hydrogels. Bio based hydrogels are short living in nature, as 

they are made to reduce the environmental risks. In case of synthetic based hydrogels, the chemicals which 

are used during manufacturing like acrylic acid and polyacrylamide, are very difficult to degrade and their 

use in the soil and also releases the toxic substances in the environment biologically. The hydrogel shows 

underperformance in three species of ornamental plants, Gazania rigens, Pelargonium peltatum, and P. 

zonale. Hence, the research work has to be carried out to known the performance of hydrogel application 

in different crops. 

Future Prospects 
The practical use of hydrogel application in agriculture requires more research with the understanding of 

hydrogel with association of plant physiology, though significant progress has been achieved in the 

fundamental science of polymeric gels and hydrogels. 

Conclusion 
This article highlights the hydrogel application in urban agriculture. Hydrogels helps in agriculture by acts 

as water reservoirs and work as a boundary for the nutrient release, inspite of the limitations like 

sustainability, cost, and application. Synthetic based polymers are way favored than natural/bio-based 

hydrogels with respect to material and application in other industries. 

However, bio-based hydrogels are better compared to the synthetic hydrogels as in case of agricultural 

scenario. Currently, the application of hydrogels does not give the better yields as it is not suitable for all 

the plants. By knowing and understanding the practicability and limitations of hydrogel application in 

agriculture should be addressed. 
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Introduction 
The ideas, techniques, and procedures used to minimise unintended exposure to infections and toxins, as 

well as their unintentional discharge, are known as biosafety. It is developed from the World Health 

Organization's (WHO) practical advice on laboratory procedure utilisation. Biosafety is defined by the WHO 

Laboratory Biosafety Manual (LBM) as the containment concepts, technology, and procedures used to avoid 

unintended exposure to infections and toxins or their unintentional release. Expert advice on how to apply 

the pertinent ideas, technology, and practises is provided in the LBM. The WHO advises all nations to take 

into account such ideas when creating and upgrading their national regulatory frameworks.   

Both biosafety and biosecurity aim to safeguard people and society from the negative effects of biological 

agents. They have been articulated collectively under the broad idea of bio risk management (WHO, 2004). 

While biosecurity deals with the prevention of abuse via loss, theft, diversion, or purposeful release of 

diseases, toxins, and any other biological materials, biosafety focuses on safeguarding the public health 

and environment against accidental exposure to biological agents. Many areas, including agriculture, 

ecology, medicine, chemistry, and exobiology, apply biosafety ideas on a regular basis. Regarding food 

safety, zoonosis, animal and plant health, GMOs, invasive alien species, environmental protection, and 

other areas, adhering to biosafety regulations is crucial. The present pandemic crisis makes the need of 

biosafety clear. 

Concepts of Biosafety 
Biohazardous material: Biohazardous materials are any microbe, infectious substance, or synthetic, 

bioengineered, or naturally occurring part of any such microorganism or infectious material, capable of: 

a. The demise, illness, or other biological problem of a person, an animal, a plant, or another living 

thing. 

b. Deterioration of any form of material, including food, water, supplies, tools, or equipment 

c. Environmental alterations that are harmful. 

d. Various bacteria, fungi, viruses, rickettsia, protozoa, parasites, and recombinant products are 

among them, although not exclusively. 

 
Figure-1. Microbes risk groups 

Pathogenicity or Virulence: The capacity of a biohazardous item to initiate or advance a quick, severe, 

or lethal illness is known as pathogenicity or virulence. While some substances are highly harmful, even to 
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healthy individuals, others are opportunistic pathogens that can only infect hosts with weakened immune 

systems or environments unrelated to their natural habitat. Some biohazardous substances have been 

weakened or attenuated so that they no longer cause serious illness. The hazards increase with the severity 

of the prospective acquired condition. The microbes can be categorized into 4 risk groups (Figure-1). 

Containment: The foundation of laboratory biosafety procedures is the idea that biological agents should 

be contained in order to protect lab personnel and the surrounding environment. Primary containment 

guards against biological agent exposure for lab personnel as well as the immediate lab setting. By using 

proper microbiological procedure, safety gear, and personal protection equipment, primary containment 

can be achieved. Secondary containment, which is provided by facility design and operating practises, 

safeguards the environment beyond the laboratory. 

Biosafety level: There are four degrees of suggested laboratory biosafety. The combinations of laboratory 

procedures, safety tools, and facilities that are especially suitable for the tasks being carried out, suspected 

biohazardous substance transmission channels, and laboratory function or activity make up the various 

biosafety levels. (Anonymous, 2022).     

Biosafety Level 1 (BSL-1): 

i. Suitable for work involving well-characterized agents not known to consistently cause 

disease in healthy adult humans, and of minimal potential hazard to laboratory personnel 

and the environment.  

ii. Special containment equipment or facility design is neither required nor generally used.  

iii. Laboratory personnel have specific training in the procedures conducted in the laboratory.  

iv. Supervision by a scientist with general training in microbiology or a related science.  

Biosafety Level 2 (BSL-2): 

i. Suitable for work involving agents of moderate potential hazard to laboratory personnel 

and the environment.  

ii. Laboratory personnel have specific training in handling pathogenic agents and are 

directed by competent scientists.  

iii. Access to the laboratory is limited when work is being conducted.  

iv. Extreme precautions are taken with contaminated sharp items.  

v. Certain procedures in which infectious aerosols or splashes may be created are conducted 

in biological safety cabinets or other physical containment equipment.  

Biosafety Level 3 (BSL-3): 

i. Clinical, diagnostic, teaching, research, or production facilities in which work is done with 

indigenous or exotic agents which may cause serious or potentially lethal disease as a result 

of exposure by the inhalation route.  

ii. All procedures involving the manipulation of infectious materials are conducted within 

biological safety cabinets or other physical containment devices, or by personnel wearing 

appropriate personal protective clothing and equipment. 

iii. The laboratory has specific engineering and design features.  

iv. Laboratory personnel have specific training in handling pathogenic and potentially lethal 

agents.  

v. Supervision by a competent scientist who is experienced in working with these agents.  

Biosafety Level 4 (BSL-4): Work with dangerous and exotic agents that pose a high individual 

risk of aerosol transmitted laboratory infections and life-threatening disease. 

Routes of transmission: An infection results when harmful bacteria enter the human body in large 

enough quantities and by a specific pathway that they are able to defeat the body's defence mechanism. 

Procedures or controls to avoid exposure and infection may be designed by comprehending the mode of 

transmission (pathway from source) and route of entry (entry route into body). It can occur through- skin 

and mucous membrane contact, ingestion, percutaneous inoculation, inhalation etc. 

Laboratory practice and technique: The most crucial aspect of containment is the application of good 

microbiological methodology. Workers who handle biological agents must be taught to handle them 

properly and must be aware of any potential dangers. Making sure lab staff are properly trained falls within 

the purview of the principal investigator. The Biosafety Manual was created to provide general policies and 

procedures when working with biological agents, and each individual laboratory is required to supplement 
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the manual with policies, procedures, and training that are specific to their environment in order to reduce 

any particular risks that may exist there. 

Safety equipment: In order to reduce exposure to biological agents, safety centrifuge cups and other 

technological controls are included in the category of safety equipment. The most crucial piece of safety 

gear for protecting people and the lab setting is a biological safety cabinet (BSC), and the majority of BSCs 

also offer product protection. When personnel are instructed in how to use the equipment properly and it 

is frequently inspected and maintained, safety equipment is most effective at reducing exposure. 

Personal protective equipment: Personal protective equipment, which is utilised to enhance the 

confinement offered by laboratory procedures and safety equipment, comprises safety goggles, lab coats, 

gloves, and other protective clothing. The failure of personal protective equipment exposes employees to 

the pathogenic agent directly, making it the least ideal containment strategy. 

Biosafety in National and International Level 
In India, guidelines for managing, researching, using, and transferring GMO technology are provided 

under the Environment Protection Act (EPA), however the transboundary movement or trading of GMOs 

has not yet been addressed. There are numerous committees that work on this issue, including the 

Recombinant DNA Advisory Committee (RDAC), the Review Committee on Genetic Manipulation (RCGM), 

the Institutional Biosafety Committee (IBSC), the Genetic Engineering Approval Committee (GEAC), the 

State Biotechnology Coordination Committee (SBCC), and the District Level Committee (DLC) (Reddy et. 

al., 2019). 

Numerous international treaties and agreements that address the safe use of biotechnology and biosafety 

in general have been prompted by the widespread concerns about the safety of food and the environment. 

Many of these treaties and accords were developed under the auspices of the UN or similar UN agencies 

that deal with biosafety problems.  

1. Food and Agriculture Organization (FAO)  

2. World Health Organization (WHO)  

3. United Nations Environment Program (UNEP). 

International Treaties 
International treaty on plant genetic resources for food and agriculture, 2001: 

a. Material Transfer Agreement (MTA)  

b. Intellectual property (IP). 

Codex Alimentarius Commission:  

a. Risk assessment to identify hazards  

b. Risk management  

c. Risk communication  

World trade organization (WTO) Agreements: 

a. The Agreement on Application of Sanitary and Phytosanitary Measures, SPS  

b. The Agreement on Technical Barriers to Trade (TBT)  

International conventions: 

a. United Nations Convention on Environment and Development (UNCED), 1992. Also referred as 

“Rio Declaration on Environment and Development” or “Precautionary Principle in Biosafety”  

b. Convention on Biological Diversity (CBD)  

c. Cartagena Protocol on Biosafety  

d. International Plant Protection Convention (IPPC). 

Conclusion 
The ultimate goal of effective biosecurity systems is improved human population health and welfare. 

Agriculture and health are closely related in this setting since society and the environment have a 

significant impact on these results. Better understanding of potential risks (within and between sectors) 

and appropriate actions to manage them can lead to improved regulatory and policy frameworks for human 

health (particularly food safety), animal and plant health, greater efficiencies in the use of human and 
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financial resources, and improved protection and sustainable use of the environment. These advantages 

may be attained in a way that avoids contradictions, fills in gaps, and eliminates the construction of 

needless trade barriers by using a holistic approach to biosecurity. 
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Introduction 
The word "bioluminescence" refers to light produced by an organism as a result of a chemical reaction. After 

being raised to a higher, unstable energy level by input energy, electrons in atoms of a material produce 

photons as they return to their stable state (packets of light energy). Self-lighting organisms may be found 

in the Monera, Fungi, Plantae, and Animalia kingdoms. Among the insects, marine spiders, crustaceans, 

millipedes, and centipedes in the phylum Arthropoda are luminous forms. It is crucial to their life cycle. 

It is known that some Coleoptera, specifically those belonging to the families Lampyridae (fireflies), 

Elateridae (click beetles), and Phengodidae (railroad worms), as well as some Collembola, including 

Onychiurus armatus, the homopteran Fulgora lanternaria, and some larval Diptera of the families 

Platyuridae and Bolitophilidae, exhibit intrinsic luminescence The organs that produce light are 

distributed throughout the body. The entire body of the collembolan Onychiurus sp. glows in unison. The 

light organs are typically quite small and located on the ventral surface of the abdomen in most beetles. A 

pair of light organs are located in the central area of the sixth and seventh abdominal segments of male 

Photuris sp. (Coleoptera). The female body has smaller and frequently monosegmented organs. The light 

organ is located in the head of the hemipteran Fulgora sp. However, in the glow worm fly Arachnocampa 

sp. (Diptera), the light organs are developed from the expanded distal ends of the Malpighian tubules 

instead of the fat body, which is the usual source for the light organs. 

Mechanism of Light Production 
Different creatures have different bioluminescence chemistry. Riboflavin phosphate, diphospho adenosine, 

and adenosine triphosphate (ATP) are all used by bacteria, sea pansies, and fireflies, respectively, in the 

oxidative decarboxylation of substrates referred to as luciferins by luciferase enzyme (Lloyd and Gentry, 

2009). 

An adult firefly's light organs (lanterns) are made up of a number of big cells called photocytes that are 

supported by several layers of cells known as dorsal layer cells and are located immediately under the 

epidermis (Figure-1). Transparent cuticle covers the light organ. The tracheae and nerves travel through 

the centre of each of the series of cylinders the photocytes generate at a right angle to the cuticle. Each 

trachea emits right-angled branches, which split into tracheoles when they approach the photocytes and 

travel parallel to the cuticle between the photocytes. The origin of the tracheoles is enclosed within a large 

tracheal end cell, the inner membrane of which is complexly folded where it bounds the tracheolar cell. The 

neurons entering the photocyte cylinder end as spatulate terminal processes between the plasma 

membranes of the end cell and the tracheolar cell within which the tracheoles arise (Smith, 1963). 

The photocytes are filled with photocyte granules, each of which has a hollow and a neck that connects it 

to the cytoplasm outside. These granules are thought to contain the reactants needed to produce light. 

Dorsally and ventrally, there are additional smaller granules. Except for where the cell is next to the end 

cells and tracheoles, mitochondria are sparingly dispersed. Granules, which are often thought to be 

composed of urate crystals, are also present in the dorsal layer cells. These granules form a reflecting layer 

towards the rear of the light-producing area that more effectively drives luminescence outward. 

Peroxisomes are organelles that are known as centres for enzymatic oxidation processes and create light. 

Within these peroxisomes, a two-stage process takes place. First, luciferase catalyses the adenylation of 

the substrate luciferin, which is reliant on the presence of magnesium-ATP. Following molecular 
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oxygenation of luciferyl adenylate, light is released along with the creation of oxyluciferin (Figure-2). 98% 

of the energy involved in the process is emitted as light, making it a particularly efficient reaction. 

Additionally, the metabolic cost of producing light-flashes is minimal in fireflies. In comparison to walking 

activity, it raises metabolic rates by around 40%. 

Three and four dorsal unpaired median (DUM) cells, located in the last two abdominal ganglia, respectively, 

innervate the light organs of adult Photuris sp. (Coleoptera), which emit octopamine. The axons from these 

cells, like those from other DUM cells, split to deliver symmetrical branches to the lanterns on each side. 

The axons in the majority of adult fireflies terminate on the tracheal end cells. 

The presence of oxygen appears to control how much light a Photuris sp. adult produces. It is assumed that 

neural activity alters the tracheal end cells where the DUM neurons terminate, facilitating the transport 

of oxygen to the photocytes. In mature fireflies, flashes typically last a few hundred milliseconds and follow 

one another at regular intervals. This suggests that the photocytes' oxygen supply is tightly controlled. 

Hydrogen peroxide is thought to be involved in this control as the peroxisome oxidases use oxygen that 

enters open mitochondria to produce hydrogen peroxide, which then explodes when the catalase is turned 

off. This brings about the flash and puts an end to the oxidation reaction. 

Nitric oxide is thought to regulate the exact temporal regulation of firefly flashing (NO). Measurements 

show that NO synthase is located close to synaptic terminals in the firefly lantern, and that the addition of 

NO scavengers reduces light generation while externally administered NO enhances it. Additionally, NO 

is known to reversibly regulate the respiration of photocyte mitochondria. The process that has been 

postulated involves brain activation that causes a brief release of NO that diffuses into the edges of nearby 

photocytes. As a result, oxygen may permeate into the photocyte, which houses the bioluminescence 

reactants, and mitochondrial respiration is inhibited. Pteroptyx species of firefly (Coleoptera) form male 

groups in which the individual insects flash in unison. These groups are most common in Southeast Asia. 

When these species' males are alone, they can flash often with nearly constant gaps between flashes. An 

individual flashes again right away if it notices another flash within a certain amount of time after it has 

created its own flash. The resetting quickly causes synchronised flashing by all the insects since the 

individuals emit flashes at regular intervals. 

Bioluminescence in Communication 
Communication is the exchange of signals between organisms where the creation and receipt of the signal 

have been favoured through selection. It is a process when information is communicated (or passed in a 

single direction) to the mutual benefit of the communicators in terms of adaptation. 

Most luminous insects use self-luminescence primarily for sexual communication. In Lampyridae, there 

are basically two ways to employ light signals (Coleoptera). The female of certain species, like Lampyris 

sp., is stationary and draws the male to her; in other species, like Photuris sp. and Photinus sp., just one 

sex often flies around flashing in a particular way. The length of the flash and the time between flashes 

are frequently traits of the species, and flashing is connected to certain flying patterns (Lewis and Cratsley, 

2008). For instance, male Photinus pyralis generate flashes at intervals of six seconds that last around 500 

ms. The male rises quickly during the flash before hovering for roughly two seconds. He flies toward her 

and flashes again three seconds later if a female flash 1.5–2.5 seconds after the male. Flashes that come at 

varying intervals of time do not elicit a response from him. The male approaches the female after a series 

of flashing sequences (courtship discussion). Flashes start or terminate abruptly (and occasionally both), 

and since precise timing necessitates a very well-defined time marker, these transients most likely serve 

as the temporal signals. The flashes of the male group are attractive to Pteroptyx females. Females of 

several Photuris species modify their behaviour after mating, and as a result, their flashing patterns mimic 

those of females of other species. They attract the males of those species in this way, feeding off of them 

afterwards. 

Arachnocampa (Diptera) larvae's luminescence also acts as a lure, drawing tiny insects into networks of 

sticky silk strands where they become entangled. Then the larvae consume them. When railroad worms 

(Coleoptera) are assaulted, their lateral light-producing organs may suddenly become lighted, suggesting 

that they serve a defence purpose. It is hypothesised that the redhead light illuminates these insects, 

perhaps while they are looking for the millipedes that they feed on (Lloyd, 1983). Although most other 
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insect predators may not be able to see the very longwave lengths that this organ emits, railroad worm 

eyes are likely able to do so. Fireflies, like at least some other insects, have complex dark-adapted eyes that 

have varying sensitivity during the day. It grows quickly, around four orders of magnitude at a time, 

roughly at the same rate as the insects' typical flashing interval. 

a. True communication, possibly with sexual selection significance, occurs in Arachnocampa 

luminosa (Keroplatidae). When a male land on a female pupa she glows, and when she is ready to 

emerge, up to three males may be clinging to her. A mounted male has to fight off rivals that attempt 

to displace him. Newly emerged females use their light to attract males if none are present. 

b. Click beetles (Elateridae) Most adult fire beetles (Pyrophorini) probably use their light for mating 

communication, but few details are known. Adults may use their light for illumination and defense. 

c. Adult glowworm beetles (Phengodidae), glowworm fireflies (lampyrid species with luminous, 

larviform females) and other luminescent fireflies (Lampyridae) use their lights for sexual 

communication, deception during mate search and competition, predation (aggressive mimicry), and 

perhaps selfish-herd congregation, illumination, and defence (including warning of noxious taste 

and/or poison, and startle/repulsion). Juveniles probably use their light for defence, and perhaps for 

illumination and communication. 

Aggressive Mimicry 
Photuris females mimic the coded flash responses of females of other species of several species attack 

luminescing fireflies in the air at night, using their prey’s light for orientation in combination with 

aggressive signal mimicry (Figure-3). 

Factors Affecting Communication 
1. Phylogenetic opportunities and constraints: Signals and systems of related species show 

relationship, and apparent homologous elements. A system of signal format like flash pattern-flash-

response cannot evolve quickly from a system format in a species that has non-luminous males. 

2. Physical characteristics of the habitat, biotic and abiotic, including wind, duration of twilight, 

ambient light quality, height and density of vegetation 

3. Predators, including aggressive mimics (and aerial attackers (hawking Photuris females, bats. 

4. Sexual selection, including male competition, female choice, and reproductive isolation. 

Application 
1. Firefly light-emission chemistry is applied in basic studies of cellular biology and in experimental and 

applied medicine. As one of the few known instances in which ATP is involved in light production, firefly 

chemistry is used to reveal the machinery of cellular energy conversion. Photon monitoring (of ATP) in real 

time can reveal even subtle variations in reaction rates and enzyme kinetics under different experimental 

conditions. 

2. Glow intensity of an extract or culture will vary directly as ATP is produced or used (“up”) by a cellular 

reaction and can reveal the diurnal rhythmicity, quiescence or torpor, and health and vigour of living tissue, 

the last being of particular interest when exploring a bacterial culture’s sensitivity to antibiotic substances. 

Concerns 
The majority of issues appear to be caused by growing human populations, which cause a constant loss of 

habitat due to development (urbanisation, roads, agricultural), as well as a decline in water levels (fewer 

marshes, sloughs, damp meadows). Numerous species of firefly will be among the millions of species that 

vanish as tropical rainforests are destroyed. We won't be able to unravel their secrets once they are gone. 

Conclusion 
Bioluminescence is the phenomenon of light production by organisms through various chemical reactions. 

In fireflies, it is well studied in which the mechanism involves substrate luciferin and enzyme luciferase in 

addition to nitric oxide that plays an important role in flashing mechanism. Though light production helps 

insects mainly in sexual communication, its role in foraging, defence and mimicry is also well established. 

Its potential application in cellular biology field demands the conservation of such organisms which are 

facing severe habitat loss due to anthropological activities. 



 

 
Volume 04 - Issue 12 - December 2022       250 | P a g e  
 

References 
1. Lewis, S. M., & Cratsley, C. K. (2008). Flash signal evolution, mate choice, and predation in fireflies. Annu. Rev. Entomol., 53, 

293-321. 

2. Lloyd, J. E. (1983). Bioluminescence and communication in insects. Annual review of entomology, 28(1), 131-160. 

3. Lloyd, J. E., & Gentry, E. C. (2009). Bioluminescence. In Encyclopedia of Insects (pp. 101-105). Academic Press. 

4. Smith, D. S. (1963). The organization and innervation of the luminescent organ in a firefly, Photuris pennsylvanica 

(Coleoptera). The Journal of Cell Biology, 16(2), 323-359. 

 

Figure-1: Light organ of adult Photuris sp. (Smith, 1963) 

 
Figure-2: Light production mechanism 
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Figure-2: Light production mechanism 

 
Figure-3: Predatory Photuris female in the process of consuming a Photinus male (Lloyd & 

Gentry, 2009) 
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Abstract 
Plants can obtain the nutrients they need from mineral fertilizers, organic manures, recycled wastes and 

by-products, biological nitrogen fixation (BNF), natural minerals, and, to a lesser extent, nutrients recycled 

through irrigation fluids and precipitation. These are applied to improve the nutrient reserves in the soil 

for crop nutrition. 

The majority of soil management techniques used today use inorganic chemical fertilizers, which pose a 

serious threat to both human health and the environment. The utilisation of beneficial microorganisms as 

biofertilizers has elevated to the top of the agricultural priority list due to its potential significance in food 

security and sustainable production. 

In natural agro-ecosystems, the interactions of these advantageous microbes with the environment 

determine crop health by offering a range of services to crop plants, including the decomposition of soil 

organic matter (SOM), the acquisition and recycling of nutrients, weed control, water absorption, and 

biocontrol, all of which enhance soil fertility and maintain soil health in a way that is environmentally 

friendly. For regulating crucial nutrients like nitrogen (N) and phosphorus (P), multiple complementing 

combinations of microbial inoculants are needed for long-term production. 

Introduction 
Modern agriculture has been essential in meeting the expanding food demands of the world's population, 

but it has also led to an increased reliance on synthetic agrochemicals like pesticides and fertilizers. The 

indiscriminate and unbalanced use of synthetic fertilizers leads to nitrate (NO3) leaching and 

eutrophication in surface water bodies. Synthetic fertilisers are industrially manufactured substances 

containing known amounts of macronutrients e.g., nitrogen (N), phosphorus (P), potassium (K), and 

micronutrients e.g., zinc (Zn), boron (B), and iron (Fe). As a result, contemporary efforts to ensure bio-safety 

have focused on producing "nutrient-rich high-quality food." 

The innovative approach to agricultural production is to blame for the rising demand for biological 

fertilisers as a viable alternative to agrochemicals. Through N-fixation, P and K solubilization or 

mineralization, improvement of plant growth-regulating/growth-promoting chemicals, antibiotic 

production, and OM biodegradation, biological fertilisers or biofertilizers supply the soil environment with 

micro- and macronutrients (Sinha et al.,2014). 

It has been identified how these bacteria behave within as well as how they alter nutrition. In the Indian 

setting, biofertilizers have a variety of difficulties that must be overcome in order to achieve significant 

fertiliser savings, such as longevity. One of the key issues that hasn't been solved is the method for creating 

these biofertilizers. This chapter offers a number of potential fixes for the issue. 

Biofertilizer 
Biofertilizers are carrier or liquid-based compositions with sufficient levels of microorganisms to support 

the growth and health of plants. Biofertilizers are categorised in accordance with their uses and connections 

to plants. 

By employing biofertilizers, the amount of N, P, and K that crops need from chemical fertiliser sources can 

be decreased. They are well known as affordable options to chemical fertilizers that don't harm the 

environment or soil quality. Additionally, biofertilizers have no adverse effects on the environment and 

give microbial cells a longer shelf life. 
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Beneficial Microbes and Pulse Production 
With 1011 microbial cells per gram of root and more than 30,000 prokaryotic species, the rhizosphere, a 

thin layer of soil around plant roots, aids plant growth and reproduction. The microbiome, which is larger 

than the collective genome of plants and whose interactions determine crop health in natural agro-

ecosystems, is a community of microbes that provides a variety of services to crop plants, including nutrient 

acquisition, OM decomposition, nutrient recycling, water absorption, and pest control. Rhizosphere 

microbial communities have gained popularity as an alternative to synthetic fertilisers in biosafety and 

sustainable agriculture programmes. 

Chemical V/S Biological Nitrogen Fixation 
In most agricultural systems, N is frequently the nutrient that limits crop productivity the most. Despite 

being abundant in the environment, nitrogen cannot be utilised by plants since it is inert. The Haber-Bosch 

process chemically fixes atmospheric nitrogen, making it available as fertilizers. High temperature (400–

500 °C) and pressure (20 Mpa) are needed for this process to fix one metric tonne of ammonia, which 

translates to energy inputs of about 875 m3 of natural gas, 5.5 barrels of oil, or 2 mt of coal. In the presence 

of diazotrophs, prokaryotes that fix atmospheric dinitrogen, atmospheric dinitrogen can also be biologically 

transformed into ammonia, which is utilised by plants. Single-celled organisms known as prokaryotes lack 

a recognisable nucleus. A small number of bacteria in the soil can turn ammonia into nitrate, which is then 

available to plants (Madigan et al. 2009). As a result, N2 gas is produced, which escapes into the 

atmosphere, and is susceptible to denitrification processes in deeper soil strata. The typical N cycling path 

is shown below. 

BNF refers to nitrogen fixation by enzymatic bacteria at ambient pressure and temperature. In the 

biosphere, BNF is difficult to measure, although it is believed to be around 107 Mt/year, in contrast to 160 

Mt/year of artificial N-fixation, which is 1.5 times more than natural fixation (Galloway et al., 2008). The 

global N cycle rotates every N atom in the atmosphere once every million years. BNF meets 65% of the 

need for nitrogen in agriculture (Burris and Roberts 1993). All bacterial organisms that fix atmospheric 

nitrogen use the nitrogen cycle's nitrogenise enzyme to catalyse the process. 

Microorganisms for Enhancing Pulse Productivity 
Crop productivity can be increased by inoculating rhizobia with other plant-growth-promoting organisms 

such as phosphate solubilizers, Bacillus, Pseudomonas, arbuscular mycorrhizal fungus (AMF), and others. 

Phosphate-Solubilizing Microorganisms 
P is one of the most crucial nutrients for pulses, and it can be found in the soil in both inorganic and organic 

forms, including phytins, phospholipids, and nucleic acids, as well as calcium (Ca), iron (Fe), and 

aluminium (Al). The accessible form of P in superphosphate and other chemical fertilizers undergoes 

significant transformation into insoluble forms after being applied to soil. As a result, agricultural plants' 

access to P is always limited. The dual inoculation of Rhizobium and Phosphobacterium is a crucial 
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technique for providing N and P nutrients to pulse crops. P is necessary for the development of nodules, 

enhanced nitrogen fixation, root expansion, and the growth of legumes. Tropical soil naturally lacks 

phosphorus. Additionally, the P is largely fixed, making it unhelpful for plant growth. It is expected that 

75% of the superphosphate added to tropical soil is fixed, leaving just 25% available for plant growth. 

Microorganisms that can solubilize phosphate into accessible forms include bacteria and fungi. They do 

this by secreting certain organic acids (lactic acid, succinic acid, acetic acid, fumaric acid). 

Plant Growth-Promoting Rhizobacteria and Biocontrol Agents 
Rhizobacteria are beneficial microorganisms that are closely associated with roots and promote plant 

growth (PGPR). A large group of soil bacteria called PGPR work together with other soil organisms to 

promote the growth of the host plant by either promoting the development of beneficial microorganisms 

like rhizobia or phosphate solubilizers or plants directly or by suppressing the development of harmful 

bacteria. In multi locational studies, dual inoculation with PSB and PGPR boosted grain output by 22.1 

percent, whereas single rhizobia inoculation increased grain production by 12.4 percent. 

 

Future Perspectives of Biofertilizers in Pulse Production 
Today's innovative and exciting topic is the use of various biofertilizers as a crucial part of the development 

of pulses. In India and a few other developing countries, these inoculants are already being used 

successfully for the production of pulses, and their use is expected to rise over time. It is reasonable to 

assume that widespread usage of biofertilizers will eventually offer a range of practical alternatives for 

agricultural development. summarises a few commercially available biofertilizers that have been used to 

boost pulse production efficiency worldwide. 

Conclusion 
Biofertilizers are inexpensive agricultural inputs that produce excellent results. It is important to spread 

awareness of this low-cost strategy among farmers in order to reap greater benefits. The prospects for 

farmers adopting integrated nutrient management technologies are still poor, despite encouraging results 
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from pot and glasshouse experiments. In India's deficient soils, micronutrient inclusion is essential for 

raising pulse yield. Natural Rhizobium populations are low to medium in around 40% of places where 

pulses are grown. The productivity of pulses can be increased by 10-12% under these conditions by seed 

inoculation using a low-cost rhizobial biofertilizer. Biofertilizers boosting P nutrition in agriculture may be 

essential in preserving much-needed foreign exchange if we can make "fixed" P accessible to crops. 
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Introduction 
Communication may be defined as exchange of information between individuals. Insects can communicate 

in a variety of ways, but unlike human being their behavior is innate, they do so primarily to recognize 

nest mates, recognize opposite sex, facilitate courtship and mating, direct where to find food or other 

resources, control individual spatial distribution (aggregation or dispersal), maintain a territory, warn of 

danger, set off an alarm, and engage in deception. Insects primarily use two methods of visual 

communication: body colour patterns and light signals (bioluminescence) (Vila, 2015). Similar to how 

colored uniforms on a football field reveal the players' affiliations, the colour patterns and other markings 

on the wings of butterflies and moths aid in the identification of different species. Some insects use bright 

colors, eyespots, or other distinctive patterns to scare away predators, to advertise their ability to sting, or 

to mimic the appearance of another unpalatable species (Viceroy butterfly mimicking monarch butterfly). 

Other insects use dance-like body movements to attract a mate or to communicate with nest mates 

(bees).  Most of these signals are effective only as long as they are visible in daylight.  But a few insects 

(fireflies) can generate their own light and use visual signals that can be seen at night. 

Role of Colour Patterns in Communication 
From spotted butterflies/ladybirds to iridescent odonatas/ beetles, yellow-and-black striped hornets or flies, 

brown or green walking sticks/ mantids, insects exhibit a variety of colour patterns. It is believed that the 

vast majority of insect colours and colour patterns originated in response to communication requirements 

(Thery and Gomez, 2010). Since they are an essential component of the integument, displaying these 

messages on an individual insect has little or no metabolic cost. for example, Caligo memnon, with its spots 

that resemble two big owl eyes and which allow them to drive away predators.  Insect colours and capacity 

to alter its colour in response to certain stimuli can both be utilized to gather information about an insect’s 

internal structure or the environment in which it lives. Some pigments like melanins, pterins, bile 

pigments, ommochromes are synthesized from precursors, their effective production needs a proper 

physiological functioning which play a major role in governing different color pattern in insects (Badejo, 

2020).  

The majority of social insects which uses color for disguise are ants and bees. A uniform black, brown, or 

grey coloration distinguishes each species of ant, which blends in with the soil, rocks, and tree bark 

backgrounds and similarly, bumble bees exhibit pale coloration which serves cryptic purpose (Williams, 

2007). Apart from deception, coloration is used in self- defense like intensity of black-and-yellow colours in 

Polistes wasps was connected to their toxicity level which protects it from predation (Vidal-Cordero et al., 

2012). In case of Ecitophya beetle protects itself by mimicking like army ant Eciton burchellii in terms of 

coloration and body shape (Pérez-Espona et al., 2018). In order to protect their nests and engage in 

competitive combat, foundresses used colour signals to determine the social standing of their opponents in 

paper wasp (Petrocelliet al., 2015). Additionally, social insects choose mates based on colour. It has been 

demonstrated that in Polistes simillimus, a male's likelihood of finding a mate increased with the amount 

of black pigmentation on his head (de Souzaet al., 2014). 

Role of Bioluminescence in Communication 
Insects chemically generate their own light and make signals theses active signals, are costlier to produce, 

but they can be withheld from use at inappropriate times. Fireflies employ diverse visual signals as sexual 

advertisements (da Silveira and Mermudes, 2014). Each species has a unique flash pattern and response 

time in Photinus consumilis, males emit a series of 3-5 short flashes and the females respond with a double 
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flash. Males of Photinus pyralis emit a single “J”-shape flash during a rising flight movement. Larvae or 

larviform adult females from the beetle genus Phrixothrix emit two types of light: green and red, they emit 

red light by two organs located in their heads only when they feel menaced in order to alert other larvae 

about the presence of predators (genent.cals.ncsu.edu/bug-bytes/communication/visual-communication/). 

The click beetle (Pyrophorus Noctilucus) has two small bioluminescent organs located behind its head. The 

light of these organs gets more intense when being threatened by predator. Luminous species of glow worm 

presumably used to lure their prey to their sticky webs with their glow, as demonstrated in the Appalachian 

glowworm fly (Orfelia fultoni) (Lyod, 1983). 

Role of UV Light in Communication 
Unlike humans, many insects have the ability to see ultraviolet light.  The wings of butterflies feature a 

wide variety of UV-reflective patterns. These patterns can be produced by pigments, by structural means, 

or both. They are often species-specific and sexually dimorphic. Butterflies can use these patterns for intra- 

and interspecific communication (Stella & Kleisner, 2022).  UV patterns on the wings of butterflies and 

moths had expanded to include at least ten families of Lepidoptera such as Pieridae, Nymphalidae, 

Riodinidae, Lycaenidae, Lymantriidae, and Papilionidae. Female cabbage butterflies, for example, have 

ultraviolet-reflecting scales on the dorsal wing surface.  females with higher levels of UV reflectance 

intensity are favored by males, which is why the expression of this trait, i.e., high UV reflectance, in females 

could be adaptive and enhance fitness either in the context of male mate preference or in competitive 

interactions with other females (Rutowski, 2007). 

Role of Body Movement (Dancing) in Communication 
One of the most well-known examples of communication by body movement dancing is showed by 

honeybees, they exhibit specific dance movements (such as the round and waggle) to convey information 

about the food source and how far away the source is from the hive (Frisch, 1967). If food source is located 

within the range of 50m it shows round dance if it’s more than 50m waggle dance is performed. Following 

Frisch, American ethologist James Gould (1975) trained bees to dance for destinations they had never been 

to and discovered that recruits showed up at the falsely promoted places, demonstrating the significance of 

visual cues communicated through dancing. 

Advantages of Visual Signals in Communication 
Visual signals are fast, effective over long distances, can be used while moving because it is effective in all 

directions (independent of wind). Passive signals require no expenditure of energy. 

Disadvantages of Visual Signals in Communication 
Major disadvantage is that it the visual signals may be picked up by predators, and visual signals are 

mostly effective in daylight but in fireflies effective during night time. Active signals like Luminescence 

may be metabolically “expensive” to produce. 

Conclusion 
Insects communicate with each other in their communities using distinctive colour patterns, luminescence, 

UV signals and dance forms. These features assist them to differentiate one another, mark their territories, 

attract and retain mates, frighten off predators and to locate food source. Visual communication is just as 

crucial in insect communication as other mechanisms (Auditory, Chemical and Tactile). 
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Abstract 
Microgreens are emerging speciality food products which are gaining popularity and increased attention in 

today’s scenario. They are young and tender cotyledonary leafy greens that are found in a pleasing palette 

of texture and flavour. It can be referred as new class of edible vegetables. Despite of the advantages, more 

research is needed to elucidate their nutritional and bioactive compound properties, particularly with 

respect to the influence of growing practices. 

Keywords: leafy greens, microgreens, nutritive, indoor farming. 

Introduction 
Currently, microgreens are an emerging functional food crop promising for sustainable diversifying food 

systems and also promoting human, environmental, and economic health. Microgreens are the young and 

tender cotyledonary leafy greens (including hypocotyl, if applicable) of the vegetables, grains, and herbs, 

mostly from the Brassicaceae, Asteraceae, Apiaceae, Amaryllidaceae, Amaranthaceae, Cucurbitaceae, 

Fabaceae, and Lamiaceae families. Ten-twenty days of seedlings are harvested as microgreens which 

contained of cotyledons (i.e., seed, leaves), stems and first true leaves. Recently these young greens gained 

popularity in culinary establishments as garnishes and toppings as they differ in colors, textures, and 

flavors. Several studies revealed that the younger greens are rich sources of micronutrients and bioactive 

compounds and these contents will be higher than that of mature greens (Mir et al, 2017). 

Nutrient Composition 
In fact, various microgreen species have been shown in several independent investigations to contain 

higher levels (up to 260-fold higher) of certain vitamins (i.e., vitamin C, E, K, and provitamin 

A/betacarotene), minerals (i.e., calcium, magnesium, iron, manganese, zinc, selenium, and molybdenum), 

and bioactive compounds (i.e., carotenoids, total polyphenols, anthocyanins, glucosinolates, and 

chlorophyll) than mature counterparts (Choe et al., 2018). These data advise that microgreens can be 

utilized as a concentrated source of micronutrients and health promoting bioactive compounds, though 

more research is needed to elucidate their nutritional and bioactive compound properties, particularly with 

respect to the influence of growing practices. 

Why Microgreens are in Trend? 
1. Microgreens referred as highly nutritious food and also ease in raising and handling. 

2. It can be grown commercially in controlled indoor agricultural environments (viz., greenhouses, vertical 

farms, warehouses, terraces) with the less influence of soil and climatic factors (temperature, rainfall) 

compared to open conditions.  

3. It can be grown year-round in most indoor locales and particularly in controlled environments, as they 

may be useful in facilitating adaptations to nexus of the population, urbanization, and global climate 

change. 

Growing Conditions of Microgreens 
Microgreens takes only 10-15 days for growing, requires 93-95 per cent less time and 158-236 times less 

water compared to mature greens. Cocopeat, grow mat, soil and combination of vermicompost and soil are 

most suitable growing media for microgreens. In addition, application of fertilizers and pesticides are 

limited or excluded. Seed rate is important because availability of nutrients and water is limited for growth. 

Seeding for microgreens is either done in rows or broadcasting method. Most of the growers might think 

thick sowing aids in higher yield but in contrary higher population resulting in competition among the 

plants and makes susceptible to pest and diseases. The commercial cultivated microgreens such as 
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coriander, celery, basil, radish, lettuce, fenugreek, broccoli, spinach, red beet, red cabbage etc (Table 1 and 

Figure 1). 

Table 1: List of commercially grown microgreens. 

Figure.1. Different microgreens at 10-14 days stage (a) Coriander (b) Beetroot (c) Radish (d) 

Fenugreek 

Conclusion 
Nowadays, microgreens are becoming popular in the market because of the change in the trends of life style 

and health consciousness among consumers. Microgreens are nutritious by providing high concentrations 

of antioxidants, minerals and vitamins which are linked to the promotion of good human health. This study 

reviews that nutritive value and microgreens production with lesser dependence of environment. 
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(a) (b) (c) (d) 

Common name Family Scientific name Plant color 

Coriander  Apiaceae  Coriandrum sativum Green  

Celery  Apiaceae Apium graveolens Green  

Basil  Lamiaceae  Ocimum basillicum Green  

Radish  Brassicaceae  Raphanus sativus Green  

Spinach  Chenopodiaceae  Spinach oleracea Green  

Red beet Chenopodiaceae Beta vulgaris Red  

Red cabbage  Brassicaceae Brassica oleracea var. capitata Red  
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Conservation Agriculture 
Conservation Agriculture (CA) integrates ecological management with scientific agricultural production. 

CA promotes minimal disturbance of soil by tillage (Zero tillage), balanced application of chemical inputs 

and careful management of residues and wastes. CA promotes application of fertilizers, pesticide, 

herbicides and fungicides in balance with crop requirements. CA methods can improve or sustain crop yield 

and protect and revitalize soil, biodiversity and the natural resource base. In short, CA methods enhance 

natural biological processes of the plant above and below the ground. 

Principles of Conservation Agriculture 
The three principles of conservation agriculture are as follows.   

1. Direct seeding or planting of crop seeds 

2. Permanent soil cover by crop residues / cover crops and  

3. Crop rotation. 

Direct seeding or planting of crop seeds: Direct seeding involves growing crops without mechanical 

seedbed and with minimal soil disturbance since the harvest of the previous crop. The term direct seeding 

is understood in CA systems as synonymous with no till farming, zero tillage, no tillage, direct drilling etc., 

Planting refers to the precise placing of large seeds (Maize and beans), whereas seeding usually refers to a 

continuous flow of seed as in the case of small cereals (rice, wheat and barley). The equipment penetrates 

the soil cover, opens a seeding slot and places the seed into that slot. Ideally the seed slot is completely 

covered by mulch again after seeding and no loose soil should be visible on the surface. Land preparation 

for seeding or planting under no-tillage involves slashing of weeds, previous crop residues or cover crops; 

or spraying herbicides for weed control and seeding directly through the mulch. Crop residues are retained 

either completely or to a suitable amount to guarantee the complete soil cover and fertilizers either 

broadcast on the soil surface or applied during seeding.          

Permanent soil cover by crop residues / cover crops: A permanent soil cover is important to protect 

the soil against the deleterious effects of exposure to rain and sun and to alter the microclimate in the soil 

for optimal growth and development of soil organisms including plant roots with a constant supply of food. 

Cover crops need to be managed before planting the main crop which can be done manually or with animal 

or tractor power. The effect of soil cover includes, (i) improved infiltration and retention of soil moisture 

resulting in reduced crop water stress and increased availability of plant nutrients (ii) source of food for 

diverse soil life (iii) increased humus formation (iv) reduction of impact of rain drops which leads to 

reduction in runoff and erosion (v) soil regeneration is higher than soil degradation (vi) mitigation of 

temperature variation in the soil and (vii) favorable condition for plant and root growth.    

Practices: 

a. Use of improved seeds of high yielding varieties as well as high residue production and good root 

development.  

b. Integrated management and reduced competition with livestock including forage and fodder crops 

in the rotation. 

c. Use of multi-purpose cover crops like nitrogen fixing, soil restoring and pest repellent.  

d. Optimization of crop rotation in spatial, timing and economical terms. 

e. Targeted use of herbicides for controlling cover crop and weed menace. 

3. Crop rotation: Crop rotation is not only necessary to offer a diverse “diet” to the soil microorganisms, 

but also capable of exploring different soil layers for nutrients. Nutrients leached to deeper layers and no 
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longer available for the commercial crop can be “recycled” by the crops through rotation. Crop rotation also 

has an important phyto-sanitary function as it prevents the carryover of crop specific pest and diseases 

from one crop to next via crop residues. The effect of crop diversification are (i) higher diversity in crop 

production and thus in human and livestock nutrition (ii) reduced risk of pest and weed infestation (iii) 

better distribution of water and nutrients through the soil profile (iv) increased nitrogen fixation and 

improved balance of NPK form both organic and mineral sources and (v) increased humus formation. 

Advantages of Conservation Agriculture 
The benefits of conservation agriculture are: 

1. Economic benefits that improve production efficiency. 

2. Agricultural benefits that improve soil productivity. 

3. Environmental and social benefits that make agriculture more sustainable.  

Economic benefit: 

a. Time saving and reduction in labour requirement  

b. Higher efficiency - more output for a lower input   

c. Reduction of cost - fuel, machinery, and labour cost. 

Agronomic benefits: 

a. Improvement of soil productivity  

b. Organic matter increases   

c. Soil and water conservation. 

Environmental benefits: 

a. Reduction in soil erosion  

b. Improvement of water quality  

c. Improvement of air quality 

d. Improvement of air quality  

e. Biodiversity increases. 

Constraints of Conservation Agriculture 
Conservation agriculture has been successfully employed in sub humid as well as humid climates, but there 

are still some constraints in semi-arid environments that may hinder its immediate application.  

The constraints are:    

a. Shortage of water limiting crop and residue production. 

b. Insufficient residues produced by the economically or socially important crops and lack of 

knowledge of suitable cover crops. 

c. Sale of preferential use of crop residues for fodder, fuel and building material. 

d. Inability to control livestock grazing, especially in areas where communal grazing is traditional. 

e. Inability to control residue consumption by termites. 

f. Insufficient money or credit to purchase appropriate equipments. 

g. Lack of knowledge of conservation agriculture by extension and research staff. 

Issues to be addressed:  

a. The success of conservation agriculture in rain fed area depends on two critical elements, viz., 

residue retention on surface and weed control. Since residue retention are generally used as fodder 

in dry lands, there is need to determine the minimum residue can be retained without affecting the 

crop livestock system. Initially, emphasis may be given for crops whose residues are not used as 

fodder. 

b. More research on weed management under minimum tillage in a cropping system perspective. 

c. Identification of alternative sources of fodder for livestock to spare crop residue for conservation 

farming. 

d. Identification of critical thresholds of minimum tillage for various rainfall, soil and cropping 

system, such that the main objective of rain water conservation are not compromised. This will 

balance the need for conserving soil and capture rain water in the soil profile. 
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e. In irrigated production system, identification of appropriate crop after paddy which have a quick 

vegetative growth so that canopy closes rapidly for effective weed control. 

f. Control termite in order to enhance the value of residue left on surface during long interval period 

between two crops. 

g. Farm implements needed for seeding rain fed crops under minimum tillage. 
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Low External Input Sustainable Agriculture (LEISA) 
It is a form of organic agriculture where the external inputs are kept to the minimum possibility and the 

use of synthetic inputs are avoided to maximum extent. 

Concepts 
1. LEISA refers to those forms of agriculture that seek to optimize the use of locally available resources by 

combining the different components of the farm system i.e., plants, animals, soil water, climate and people, 

so that they complement each other and have the greatest possible synergistic effects. 

2. Seeks way of using external inputs only to the extent that they are needed to provide elements that are 

deficient in the ecosystem and to enhance available biological, physiological, physical and human resource.  

In using external inputs, attention is given mainly to maximum recycling and minimum detrimental impact 

on the environment. 

3. LEISA aims at a stable and adequate production level over the long term.  LEISA seeks to maintain and, 

where possible, enhance the natural resources and make maximum use of natural processes.  Where part 

of the production is marketed, opportunities are sought to regain the nutrients brought to the market. 

4. LEISA requires management not only at farm level but also at district, regional, national and even 

international level. 

5. LEISA incorporates that best component of indigenous farmer’s knowledge and practices, ecologically – 

sound agricultural practices developed elsewhere, commercial science and new approaches in science (e.g., 

systems approach, agro-ecology, biotechnology). 

6. LEISA practices must be developed within each ecological and socio-economic systems. 

Principles 
The insights and experience gained thus in agro ecological studies, indigenous agriculture in the tropics 

and ecological farming which can guide the process of developing LESIA systems. 

The Ecological Principles Basic to LEISA are 
1. Securing favourable soil conditions for plant growth particularly by managing organic matter and 

enhancing soil life. 

2. Optimize nutrient availability and balancing nutrient flow, particularly by means of nitrogen fixation, 

nutrient pumping, recycling and complementary use of external fertilizers. 

3. Minimizing losses due to solar radiation, air and water by way of microclimate management, water 

management and erosion control. 

4. Minimizing losses due to plant and animal pests and disease by means of premonitory and safe 

treatment. 

5. Exploiting complementary and synergy in the use of genetic resources, which involves combining these 

integrated farm systems with high degree of functional delivery. 

Examples of Low External Input Sustainable Agriculture (LEISA) Practices 
Category LEISA Practices 

Soil and Water management Bench Terraces 

Contour planting 
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Hedgerows and living barriers 

Conservation Tillage 

Mulching 

Soil fertility management Manures and compost 

Biomass transfer and green manures 

Agro forestry 

Integrated soil fertility management 

Crop Establishment Planting tips 

Intercropping 

System of Rice Intensification 

Alley cropping 

Controlling weeds and pest Inter -cropping and crop rotation 

Integrated pest management 
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Introduction 
Aquaculture and capture fishing make up the fisheries sector, which has consistently grown by 5 to 6% 

over the years. To double production and farmers' revenue, this sector urgently needs to increase skill 

levels. Since this industry is transitioning from subsistence farming to commercial activities, skilled labour 

is unavoidable. The fishing and aquaculture industries were largely traditional in the past. Many scientific 

and technological advancements in the last two or three decades have given it the commercial status, 

especially in aquaculture, where fresh developments are being made all over the world. 

Institutions Capacity Building for Training Programs 
One of the difficulties in starting skill-building programmes in fisheries is that, in contrast to agriculture 

and animal husbandry, there aren't many training partners in this industry. The eight ICAR institutions, 

which include the Central Institute of Freshwater Aquaculture, the Central Inland Fisheries Research 

Institute, the Central Institute of Brackish Water Aquaculture, the Central Marine Fisheries Research 

Institute, the Central Institute of Fisheries Technology (CIFT), and Colleges under the SAUs, have 

traditionally handled all fisheries capacity building and extension programmes. 

Challenges in Skilling in Fisheries Industry 
It is difficult to change the institutions and capacity-building providers' mind-sets in order to transition 

them to a skill-based training programme. As of now, they mostly focus on knowledge-based, theoretical 

learning and pay little attention to skills. To speed up skilling programmes in the fisheries sector and fulfil 

the demand for trained labour, we are now developing curriculum, training the trainers, master trainers, 

and other components. 

Schemes and Programmes for Skill and Entrepreneurship Development in Fisheries 

Sector 
1. Business Incubation Centre: An innovation-based Business Incubation Centre (BIC) has been 

established at the ICAR-Central Institute of Fisheries Technology (CIFT), Cochin, in order to convert 

research findings from the fisheries and other agricultural sectors.  

As a means of strengthening the base for new technology-based businesses and developing a knowledge-

based economy, BIC supports operations on business projects. The ICAR-CIFT incubator is different from 

conventional business incubators in that it is operational in a region with a high concentration of fish 

production and is designed primarily for technology-based companies.  

Services and facilities offered by ICAR-CIFT Business Incubator: Incubation facilities under 

one roof are:  

a. Furnished office suites within the premises of ICAR-CIFT, with shared facilities like 

secretarial assistance, computing, copying, conferencing, video conferencing, broad band 

internet and communication services.  

b. Access to modern laboratory facilities for product testing and quality control. 

c. Access to well-equipped physical and digital libraries. 

2. PRADHAN MANTRI MATSYA SAMPADA YOJANA--Entrepreneur Models in Fisheries and 

Aquaculture under PMMSY: The Government of India in May, 2020 launched the flagship scheme, 

Pradhan Mantri Matsya Sampada Yojana (PMMSY) with an estimated investment of Rs. 20050 crores 
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comprising of Central share of Rs. 9407 crores, State share of Rs 4880 crores and Beneficiaries contribution 

of Rs. 5763 crores for its implementation during a period of 5 years from FY 2020-21 to FY 2024-25 in all 

States/Union Territories. 

The key strategies for PMMSY's implementation include "cluster/area-based approaches," "aqua parks with 

the necessary forward and backward linkages, focus on gap filling, convergence, end-to-end solutions, 

technology infusion, productive use of land and water, promotion of good aquaculture practises, species 

diversification and genetic improvement, comprehensive fisheries database etc. 

In addition, PMMSY plans to foster the growth of the private sector's involvement in the fisheries industry 

as well as entrepreneurship, ease of doing business, and creative project activities like as start-ups and 

incubators. 

Entrepreneur models-Rationale: While there is a sufficient need to spur the growth of Micro, Small and 

Medium-Sized Enterprises (MSMEs) and increase the supply of affordable and nutritious fish and fisheries 

products, it is also crucial to ensure social inclusion and promote livelihood opportunities for women and 

youth by encouraging their participation in fish production, processing, and trade activities, such as the 

provision of locally produced, high-grade inputs, including affordable feed and seed for aquaculture and 

marketing and distribution of nutritious fish based products. 

In this regard, entrepreneur models would, among other things, position the youth as a catalyst for change, 

expand lucrative employment opportunities, and address obstacles to participation in the value chains of 

fisheries and aquaculture, such as a lack of access to fishing grounds, training, technology, and finance.  

For the fisheries and aquaculture sector to have sustained economic growth and expansion, it is essential 

to support emerging entrepreneurs. In order to achieve this, the planned Fisheries and Aquaculture 

Business Incubation Centres are designed to play a significant role in promoting entrepreneurship by 

offering infrastructure and operational support, facilitating technical and financial expertise, and providing 

guidance. 

Objectives: PMMSY provides for supporting Entrepreneurship Models towards furtherance of its 

overall aims and objectives. Thus, in alignment with the larger mandate of PMMSY, the objectives 

of the entrepreneur models are as under: 

a. To attract enhanced private investment in fisheries and aquaculture sector.  

b. To generate sustainable employment and livelihood opportunities, especially among youth 

and women in rural and semi-urban areas.  

c. To create an ecosystem for growth of entrepreneurship in the fisheries and aquaculture 

sector. 

 

3. National Fisheries Policy, 2020: In order to develop, harness, manage, and control capture and culture 

fisheries in a responsible and sustainable manner, the National Fisheries Policy 2020 would propose a well-

planned course of action. To achieve the objectives of the "Blue Economy," the Policy will assure a fruitful 

integration with other economic sectors, including as agriculture, coastal region development, and eco-

tourism. The Policy reflects societal aspirations and the nation's developmental objectives. 

Mission: Through appropriate strategies and partnerships in a participatory manner, fisheries 

resources must be developed, managed, regulated, and conserved responsibly and sustainably. They 

must also be harnessed and used for improving livelihoods, generating gainful employment, 

enhancing incomes, food and nutrition security, economic prosperity, and socio-economic well-being 

of stake holders, especially artisanal and small-scale fishers and fish farmers. 

Objectives: The various objectives of the policy are to: 

a. Access to institutional credit as priority lending on the lines of crop sector especially to 

small and marginal fishers and fish farmers and unemployed youth.  

b. Promote community partnerships, private participation and effective cooperative 

movement in fisheries sector. 

c. Generate gainful employment and entrepreneurship opportunities along the value chain 

leading to higher income of fishers and fish farmers, improve their living standards and 

usher in economic prosperity. 
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Conclusion 
Fishing is a sunrise industry. The sector's multifaceted growth provides job opportunities for some aspiring 

individuals. In order to maintain growth, the sector needs qualified human resource at different levels. 

Enhancing the abilities of diverse stakeholders is crucial since a variety of talents are needed to fully utilise 

the potential of the fisheries industry for the good of the country. It is necessary to do an initial assessment 

of the sector's various domains' skill gaps and human resource requirements. 
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1. Pot Pourri is actually a French word that means a "rotten pot". 

2. This word gained mass acceptance as the French initiated the practice of using fermented mixtures of 

various flowers, stems, spices and petals to create a fragrant brew.  

3. This mixture eventually came to be known as ’potpourri’.  

4. Anyone who has some patience and access to flowers can make a fragrant potpourri at home.  

5. The concoction that is created through the process of fermenting the plants can be used as a natural air 

freshener and for aromatherapy.  

6. Essentially, all potpourri creations lead to the formation of scented oils but it is the use of secrete 

additives of herbs like mint and specific petals that makes a potpourri worthy of being used as an aromatic 

oil. 

Potpourri Ingredients 
1. Parts of flowering plants: 

a. Flowers and leaves along with some specific stems are integral to potpourri preparation. 

b. Dry the flowers before using it for potpourri. 

c. Not drying flowers thoroughly will retain excessive moisture, which in turn can adversely affect 

the fermentation. 

2. Spices: 

a. Nutmeg, cloves and cinnamon are the traditional choices for most potpourris.  

b. Now spices like coriander, vanilla pods, anise and cardamom are being widely used for creating 

fragrant oils that are prepared particularly for aromatherapy. 

c. Ensure that spices are freshly-ground and not bought in the powdered-and-packed form from the 

market.  

d. This ensures a stronger aroma in the oil. 

 

3. Fixatives: 

a. Used to add texture and to create the prefect pH environment for the brewing ingredients.  

b. These substances have natural compounds to absorb moisture and reduce acidity. 

c. Most common fixatives include  

i. Gum benzoin  

ii. Dried orris root. 

iii. Allspice 

iv. Juniper berries are added for making the potpourri thicker. 

4. Contrasting additives: 

a. Dried citrus peels and grapefruits are commonly added to make the potpourri’s fragrance sharper.  

b. They help to bring out the true essence of floral scents and make the fragrance last longer.  

c. To add fragrance-province roses, lavender, lilac, mimosa, lime blossom.  
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d. For color -hibiscus, heather, calendula, peony and pansy.  

e. To add bulk –Lemon, verbena, lemon balm, lemon thyme and sweet basil. 

Making Traditional Household Fragrant Potpourri 
Preparing Potpourri: 

Step 1: Dry all the petals, buds and flowers until their outer surface looks a bit flaked 

Step 2: Using the scissors, cut the petals and flowers into thin strips. 

a. Mix the dried petals with the rose buds and lavender in a bowl.  

b. Slice the lemon peel into small pieces and add it to the bowl along with the verbena and geranium. 

Step 3: 

a. With the pestle and mortar, grind the cloves and allspice berries together till a thick paste is 

formed. Split the cinnamon stick into small pieces.  

b. Add all the spices and the ground ingredients into the bowl.  

c. Mix thoroughly. 

d. Sprinkle the mixture with orris root powder and then add rose oil. 

Curing Potpourri 
1. The freshly-prepared mixture in the bowl has to be tied into a paper bag and sealed.  

2. This can be done by stapling the bag. 

3. The bag should be kept in a dry, warm place for a few days. 

4. Ideally, it should be cured for two weeks without any sunlight.  

5. However, you should stir the potpourri every three days. 

6. At the end of two weeks, the potpourri is prepared and it can be transferred to small glass containers.  
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Introduction 
Ocimum tenuiflorum, commonly known as  holy basil, tulsi or tulasi, is an aromatic perennial plant 

in the family Lamiaceae. It is native to the Indian subcontinent and widespread as a cultivated plant 

throughout the Southeast Asian tropics. 

Tulsi is cultivated for religious and traditional medicine purposes, and also for its essential oil. It is widely 

used as a herbal tea, commonly used in Ayurveda, and has a place within the Vaishnava tradition 

of Hinduism, in which devotees perform worship involving holy basil plants or leaves. 

The variety of  Ocimum tenuiflorum  used in Thai cuisine is referred to as Thai holy 

basil (Thai: กะเพรา kaphrao) and is the key herb in phat kaphrao, a stir-fry dish;it is not the same as Thai 

basil, which is a variety of Ocimum basilicum. In Cambodia, it is known as mreah-prov (Khmer). 

Holy basil is an erect, many-branched subshrub, 30–60 cm (12–24 in) tall with hairy stems. Leaves are 

green or purple; they are simple, petioled, with an ovate blade up to 5 cm (2 in) long, which usually has a 

slightly toothed margin; they are strongly scented and have a decussate phyllotaxy. The purplish flowers 

are placed in close whorls on elongated racemes. 

The three main morphotypes cultivated in India and Nepal are Ram tulsi (the most common type, with 

broad bright green leaves that are slightly sweet), the less common purplish green-leaved 

(Krishna or Shyam tulsi) and the common wild vana tulsi (e.g., Ocimum gratissimum). 

Chemical Composition 
Some of the phytochemical constituents of tulsi are oleanolic acid, ursolic acid, rosmarinic 

acid, eugenol, carvacrol, linalool, and β-caryophyllene (about 8%). Tulsi essential oil consists mostly of 

eugenol (~70%) β-elemene (~11.0%), β-caryophyllene (~8%), and germacrene (~2%), with the balance being 

made up of various trace compounds, mostly terpenes. 

Uses 
Tulsi (Sanskrit: Surasa) has been used in Ayurvedic and Siddha practices for its supposed treatment of 

diseases. 

Insect Repellent 
For centuries, the dried leaves have been mixed with stored grains to repel insects. 

Nematicidal 
The essential oil may have nematicidal properties against Tylenchulus semipenetrans, Meloidogyne 

javanica, Anguina tritici, and Heterodera cajani. 

Unique Health Benefits of Tulsi 
Helps beat stress: Tulsi is a natural herb with anti-stress qualities. Hence, sipping a cup of Tulsi tea can 

help a person rejuvenate when they feel stressed or anxious. 

Protection against infection and treating wounds: Tulsi is long known to have anti-inflammatory 

properties and anti-bacterial, anti-fungal and anti-viral properties. It can also act as a painkiller. 
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Improves digestion system: Tulsi plant is known to enhance livers health which is why it aids in 

improving the digestion system. 

Aids in losing weight: Tulsi also helps you lose weight by releasing toxins from your body by improving 

your gut health. It accelerates the rate of metabolism in the body, which further accelerates the fat burning 

process in the body. 

Dissolving kidney stones: Tulsi is a great detox agent; therefore, it can help people who suffer 

from kidney stones. It helps to reduce uric acid levels in the body, which is a leading cause of kidney stones. 

Helps fight Diabetes: Tulsi tea can be effective in managing type 2 Diabetes. It’s one of the most preferred 

herbal teas for managing Diabetes. 

 Dental and oral health: Tooth cavity is the most common dental problem that people face in their life. 

The good news is that Tulsi has antimicrobial properties that help fight bacteria and germs in the mouth. 

Skin and hair benefits: Tulsi is packed with antioxidants coupled with minerals and vitamins, which 

can help fight the signs of ageing. It can also reduce the itchiness of the scalp as well as control hair fall. 

Good for the skin: Tulsi drops help the skin to get rid of blemishes and acne. It is rich in antioxidants 

and that helps to prevent premature ageing. 

 
Enhances immunity: Tulsi contains zinc and vitamin C, two components that help fight infections. Daily 

intake of Tulsi leaves or Tulsi tea helps to boost immunity. 
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Conclusion 
Tulsi is a common herb grown in many households with a wide range of therapeutic properties.It is evident 

that tulsi is a medicinal plant of great importance because of its varied application in medicine and hence 

can be called “Queen of Herbs”. 
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Introduction 
Plastics are synthetic or semi-synthetic organic materials of a high molecular weight (10,000-500,000 g 

mol-1) usually produced from mineral oil through highly efficient energetic and economical procedures. 

Plastics are easy to mold into complex shapes and forms, are eceptionally durable, light in weight, corrosion 

resistant, thermally and electrically insulating, and offer wide range of mechanical and multifunctional 

performance (Gruber et al., 2022). Owing to their resistance to chemical, physical and biological 

degradation, human society relies heavily on plastics (Halden, 2010). Andrady (2017) postulated that 

majority of plastic fragmentation occurs on land due to greater ambient temperatures, frictional forces and 

exposure to ultra-violet (UV) radiation. Plastics undergo weathering and get converted to microplastics and 

nanoplastics. 

Microplastics and Nanoplastics 
Microplastics (MPs) are heterogeneous mixture of differently shaped materials referred to as fragments, 

fibres, spheroids, granules, pellets, flakes or beads, in the range of 0.1–5000μm. Nanoplastics (NPs) are 

defined as materials with any external dimension in the nanoscale or having the internal structure or 

surface structure in the nanoscale i.e., 0.001–0.1μm (CONTAM, 2016). In India, Sruthy and Ramasamy 

(2017) conducted the first study of microplastics, in the sediments of Vembanad Lake, a Ramsar site in 

India. Microplastics were prevalent in all sediment samples of Vembanad Lake and the dominant polymer 

component was low density polyethylene. 

Microplastics 
Microplastics are found in diverse forms, including spheres, fragments, and fibres. Most of the MPs (except 

intentionally manufactured microbeads) arise from the deterioration of larger plastics (macroplastics). 

Microplastics fragment into ever-smaller debris over time, eventually becoming nanoplastics (Lambert and 

Wagner, 2016; Hartmann et al., 2019). Besseling et al. (2018) estimated that fragmentation of spherical 

MPs could generate more than 1014 times greater numbers of nanoparticles. Frias and Nash (2018) reported 

about the content of two types of chemicals in microplastics, viz., additives and polymeric raw materials 

(e.g., monomers or oligomers) originating from the plastics, and chemicals absorbed from the environment. 

Additives are chemicals intentionally added during plastic production to give plastic qualities like color 

and transparency and to enhance the performance (Hahladakis et al., 2018). These are plasticizers, 

stabilizers, pigments, biocides, etc. and contain toxic elements such as arsenic, cadmium, chromium, lead 

and mercury (Campanale et al., 2020). Based on the source, MPs are broadly classified into primary 

microplastics and secondary microplastics. 

Nanoplastics 
The conjecture about the environmental effects of nanoplastics range from it being a temporary byproduct 

formed during the fragmentation of microplastics to it being an invisible environmental threat which is 

increasing continuously at alarming concentrations (Rillig et al., 2021). Nanoplastics can pass through 

cellular membranes because of their small size, which can alter the functioning of the cells. Imaging by 

electron microscopy is the only option for size-based detection of nanoplastics (CONTAM, 2016). 

Sources of Microplastics and Nanoplastics 
Sources include car and truck tyres, clothing, cosmetics industry, fishing industry, manufacturing, 

packaging and shipping, personal protective equipment (e.g., gloves, masks, etc.), plastics (e.g., bottled 

water, baby bottle, single use-plastic products, etc.) and sewage treatment plants. 
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Effects of Microplastics and Nanoplastics 
Effect on environment: The adverse impact of micro (nano) plastics on global biodiversity has gradually 

emerged (Hu et al., 2019). 

a. Effect on soil: A study on microplastic addition to soil revealed that it could affect biophysical 

properties of the soil by altering soil structure, bulk density, water dynamics and microbial activities 

significantly. There is growing evidence that soil organisms such as earthworms, mites and 

collembolans can help migrate microplastics and nanoplastics from topsoil to the deeper layers of 

the soil (Rillig et al., 2017). 

b. Effect on soil microorganisms: Adverse effects of MPs have been reported on the activity of 

microbes including arbuscular mycorrhizal fungi (Judy et al., 2019; Leifheit et al., 2021). 

c. Effect on plants: A study conducted by Machado et al. (2019) revealed that, polyester exposed 

plants possessed change in leaf elemental composition, i.e., altered N content, C content, and their 

ratio. Microplastic fibres would indirectly promote water holding capacity by their positive effects 

on soil aggregation and this would imply an improvement in drought circumstances. 

Effect on human beings and animals: Exposure to MPs is a multifacated issue, because of the potential 

negative health effects that can emerge from plastics themselves, monomers, additives and various 

pollutants associated with palstics. The problems with MPs are more complex, since food contains more 

than one type of micro or nano plastics Micro and nanoplastics passing through the gastrointestinal tract 

have been thought as capable of disrupting the gut microbiome. 

Management of Microplastics and Nanoplastics 
The options in vogue for the management of MPs and NPs include: 

a. Removal of microplastics using sorption and filtration methods (adsorption on green algae, 

removal using membrane technology, chemical method to treat microplastics) 

b. Biological removal and ingestion  

c. Options to replace plastics (bioplastics, biodegradable plastics, natural hydrogels, edible cutlery, 

etc.) 

Ways to Combat Microplastics at Home 

• Avoid drinking from plastic disposable 

bottles  

• Clean up your laundry 

• Try to avoid shellfish containing food • Stop microwaving plastic containers 

• Use table salt instead of sea salt • Install filter for drinking water 

• Reduce consumption of canned food • Stay away from single-use plastics 

• Try to choose natural fabrics • Avoid plastic tea bags 

• Avoid the use of products with microbeads • Avoid using glitter for celebrations 

Conclusion 
Plastics are involved in almost all walks of modern life - from health and wellbeing, nutrition, shelter and 

transportation to safety and security, communication, leisure activities and innovation of industry. Water 

bodies are dumped with plastics, where the plastics undergo various degradation processes, including 

physical, photodegradation, biodegradation, chemical oxidation and result in the formation of micro/nano 

plastics. The presence of microplastics in air, food items, drinking water, table salt, cosmetics, toothpastes 

etc. and its circulation through our body requires urgent attention. On the whole, microplastics and 

nanoplastics are sleeper cells which are relevant long-term anthropogenic stressors and drivers of global 

change in terrestrial ecosystems. 
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Introduction 
Enzymes can be employed in the food industry as biocatalysts to replace conventional food processing in a 

way that is efficient, secure, and sustainable. Industrial enzymes had a $6.1 billion market in 2017; by 

2025, it will grow to $ 9.0 billion. The food industry dominates this production. Currently, a variety of foods 

are manufactured utilising enzyme-based bioprocessing processes, including dairy, baking, beverages and 

brewing, fats and oils, meat, and functional meals. In addition to being employed as processing aids, 

enzymes also appear naturally in food, where they can have both positive and negative effects. Examples 

of desirable enzymes and their effects in food include endogenous b-glucosidase, polyphenol oxidase (PPO), 

peroxidase (POD), esterase, which affect ripening and flavour generation, cathepsins in myofibrillar protein 

hydrolysis in fermented products, as well as proteases and transglutaminases in food texture modification. 

Examples of the negative impacts of dietary enzymes include rancidity generated by endogenous lipase and 

lipoxygenase (LOX) or dark discolorations in fresh fruits, vegetables, and uncooked crustacean. The 

hydrolysis/digestion of protein, starch, and lipid; the inactivation of POD, PPO, and LOX; and the use of 

specific enzymes to remove undesirable compounds in foods like chlorogenic acid lactones in coffee and 

biogenic amines in fermented foods are just a few examples of recent research on modelling systems. Food 

processing uses more than 55 distinct enzyme products, and as new food enzymes are discovered, the 

variety is growing. 

Novel Food Enzymes 
Novel enzymes often have distinct characteristics or abilities, including low-temperature activity, thermos 

capability, pH adaptation, and others like resistance to high salinity, pressure, solvents, metal ions, and 

inhibitors. These new enzymes are useful in the bioprocessing of food. Obtaining novel enzymes from 

animals, plants, and microbes using conventional screening methods that involve enzyme purification and 

activity assessment is a worthwhile strategy. Additionally, metagenomic screens have been successful in 

identifying any significant biotechnological enzymes, such as hydrolases and oxidoreductases. 

Proteases are often utilised in food processing for a variety of purposes, including flavour enhancement, 

milk curdling, beverage clarity, debittering, texturization, and deproteinization. For decades, the cheese 

business has utilised proteases to prevent milk from clotting. However, the dairy sector continues to see a 

rise in the need for innovative milk coagulating enzymes. In this regard, a brand-new milk-clotting protease 

has just been identified as a rennet substitute for the production of cream cheese products. In order to make 

soft cheese from cow and goat milk, a novel milk-clotting enzyme from sunflower seeds has been discovered. 

Protein hydrolysates made with proteases are also added to meals like baby formula. Such hydrolyzed 

formula (HF) milks are less likely to cause allergies and are simpler to digest. 

Glycoside hydrolases are commonly utilised in the manufacturing of syrup, beverages (beer, wine), and 

dough. They hydrolyze glycosidic linkages. To make wort on a commercial scale profitably, a novel low-

temperature mashing technology comprising several amylolytic enzymes was used. In the food and 

beverage sectors, as well as in baking and the creation of digestive aids, amylases are used in a wide variety 

of processes. Amylases are widely used in the textile, detergent, and starch saccharification industries. 

Different types of esters are acted upon by lipases to yield acids and alcohols. They are typically added to 

meats, cereals, fruit juices, alcoholic drinks, and dairy foods to enhance flavour and provide meaty or fruity 

odours. A novel lipase that defats seabass skin more successfully than isoproanol was isolated from the 

liver of the fish. 
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The food industry uses transglutaminase (TGase), a versatile enzyme, to increase the texture, appearance, 

hardness, and shelf life of meat, the quality and texture of dairy products, the mechanical characteristics 

of protein-based biodegradable films, and the texture and volume of baked goods. It is to be expected that 

several popular diets on the market will contain trace levels of TGase given the enzyme's rising use in the 

food sector. 

 

Applications of Enzyme-Based Technology in Future Food Production 
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Other Applications in Future Food Production 
1. To produce nutritious food, rapid, easy, and accurate food safety monitoring is required. Small sample 

size, excellent selectivity, lower detection limits, and quicker reaction times were benefits of enzyme-based 

biosensors, all of which are urgently required for point-of-care food analysis. 

2. Enzyme-based biosensors have been created thus far to measure pathogenic germs, biotoxins, chemicals, 

and food components. 

3. Food ripeness and scents have also been detected by enzyme-based biosensors employing an 

electrochemical biosensor for the detection of androstenone, a pheromone. 

4. Antibiotics, mycotoxins, and pathogens have also been built into biosensors for use in the manufacturing 

and quality control of food in the future. 

5. Foodborne pathogens including Salmonella, Escherichia coli, Vibrio parahaemolyticus, Listeria, and 

Staphylococcus aureus can be found with ELISA assays. 

6. ELISAs are further employed for the identification of toxins found in food, such as Clostridium 

perfringens toxins and E. enterotoxins in coli. By integrating modules, enzyme-based monitors for food 

safety might be extended from single test to multi-array functionality. 

The Prospects of Enzyme Technology in Future Food Production 
Long-standing issues in the utilisation of enzyme-based technology in the food industry include the 

flexibility of enzymatic characteristics, the creation of food-grade protein expression hosts, and the 

optimization of multi-enzyme systems. 

 

Conclusion 
Future food consumption will change to satisfy the desire for nourishing, healthful, and delicious foods 

while developing food processing. It will also adapt to fit the unique nutritional and spiritual demands of 

the human body. Since people demand personalised meals, future food production will rely on enzyme 

technology to produce customised foods. Enzymes ultimately enrich the variety of food items produced in 

the future, increase food quality to satisfy increasing demand, and have a substantial positive economic 

impact on the food sector. 
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Introduction 
Soil and water are fundamental natural resources essential for the existence of life on earth. These 

resources are degrading at an alarming rate due to excessive human pressure and the adverse effects of 

climate change. Therefore, efforts have to be put forward to develop and adopt different measures of soil 

and water conservation for the overall betterment of the ecosystem and society. According to NBSS and 

LUP, about 146.8 Mha of the total arable and non-arable land in India are under different forms of 

degradation and of which water erosion contributes the major portion of about 68.4% followed by chemical 

degradation, wind erosion and physical degradation. There are two major soil and water conservation 

measures i.e., i. mechanical/engineering measures and ii. biological/vegetative/agronomic measures. Use of 

biological measures for the conservation of soil and water is common in an area under a gentle slope, low 

runoff and sediment flow. Biological measures help in the reduction of runoff and soil loss by virtue of 

reducing the impact of raindrops either by covering the soil surface, reducing the runoff velocity, or 

stabilizing the soil aggregates which improves the infiltration rate or water absorption capacity of the soil. 

Vegetation can be combined with engineering measures in those areas where the slope gets steeper and 

the severity of the soil erosion increases. 

Most Common Vegetative Measures are 
1. Alley cropping/hedge rows intercropping: consists of rows of closely planted woody perennials that 

are frequently pruned to form hedgerow and crops that are planted in alley in between hedges. Woody 

perennials are routinely trimmed back and pruned to prevent shading to the field crops, and pruned 

materials, especially leaves, are utilised as mulch on the farmed alleyways to prevent soil evaporation, 

control weed growth, or add organic matter to the soil. The species of plants, temperature, slope, soil 

conditions, and the amount of space required for the operation of tillage equipment all play a role in where 

and how far apart hedgerow should be planted. The hedgerows should ideally positioned east to west to 

ensure that the plants on both sides receive continuous sunlight throughout the day.In general, spacing is 

kept between 4 and 8 metres between rows and 25 cm and 2 metres between individual trees within a 

row.In humid locations, closer spacing is used, but in subhumid or semi-arid areas, wider spacing is 

preferred. Hedgerows should be planted along the contour line on the sloping terrain.In the sloping 

lands,the hedge once established are able to filter the soil in the uphill side and help build up natural 

terraces. The pruning materials are usually placed on the base of the hedge horizontally to provide 

additional barrier to the eroded soil. The leaves are generally used as surface mulch in the alleys to improve 

the soil fertility. Sometimes, the additional leaves are used as a livestock fodder. This system is ideal in 

areas with poor soil fertility, erosion problem, shallow soil depth and erratic rainfall. The tree species 

selected for the hedge rows intercropping should have sparse crown to permit sufficient light penetration 

to the ground, resprout rapidly after pruning, fast growing, easy to establish, form deep taproot system 

with few lateral root branches and should have multiple uses. Leguminous trees are frequently used in 

alley cropping to enhance soil health through nitrogen fixation. Trees suitable for hedge rows are Leucaena 

leucocephala, Gliricidia sepium, Alnus nepalensis. Moringa oleifera, Sesbania sesban, Pongamia pinnata, 

Cassia siamea, Robinia pseudoacacia,etc. 

2. Vegetative barriers/live bunds: comprises of perennial grasses closely planted in two or more rows 

(approx. 1.2 m wide) along the contours to reduce the erosion and facilitate benching of the slopes. The 

perennial grasses planted along the contour in staggered way act as a barrier to the runoff and helps 
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arresting the sediments. Apart from conserving the soil and water, grasses can be used as livestock fodder, 

thatching material or can be used for extracting aromatic oils. The suitable species for vegetative barrier 

should have characteristics such as ability to form permanent, erect and uniform hedge; perennial; 

uninvasive to the nearby crop land; should not compete with crops for nutrients and water; abillity to repel 

rodents; deep roots capable of binding the soil; easy to establish; management and require less care; 

economical uses. Some of the grass species suitable for vegetative barriers are Cenchrus ciliaris, Cenchrus 

setigerus, Chrysopogonfulvus,Clitoriaternatea, Lablab purpureus,Stylosanthes scabra, Pennisetum 

polystachyon, Paspalum notatum, Panicum antidotale, Panicum maximum, Pennisetum purpureum, 

Saccharum spp., Cymbopogon martini, Cymbopogon citratus, Pennisetum purpureum,  Pennisetum 

hohenackeri,etc. In areas where slopes are greater, the establishment and effectiveness of livebunds 

increases by combining the vegetative barrier with miniature bunds or trenches. 

3. Cropping system: Mixed cropping involves cultivating two or more crop species in the same field 

simultaneously without a definite pattern or fixed ratio. This kind of farming technique can increase crop 

yield and boost soil fertility. This technique for growing crops provides protection against crop failure in 

unusual weather and helps in better soil coverage and protection against raindrops. The difference in the 

root systems of multiple plant species and their nutrient requirement help explore different soil strata 

improving the soil structure and nutrient content thereby improving the infiltration rate and reducing 

erosion. Strip cropping consists of growing different crops in alternate strips in the same field. The erosion-

permitting crops and erosion-resisting crops are grown separately in alternative narrow strips across the 

slope of the land. However, the strips are placed crosswise to the prevailing wind in areas with wind erosion. 

The width of the strips varies depending on the degree of erosion hazard. Growing maize and cluster bean 

in alternate strips, maize and soybean, pigeon pea and green gram with sorghum are some of examples of 

strip cropping. 

4. Crop rotation refers to the practice of cultivating series of dissimilar crop species in the same unit of 

land over the course of successive seasons.Crop rotation traditionally includes replenishing nitrogen in the 

soil through the use of green manure or by growing legumes after cereals and other crops. Crop rotation 

can also improve soil structure and nutrient content by alternating deep-rooted and shallow-rooted plants 

that helps to explore different depth of soil. Improvement in the soil structure reduces the erosion and 

increase infiltration capacity of the soil, thus reducing the flood risk downstream. Additionally, crop 

rotation reduces the disease and pest buildup that frequently takes place when one species is repeatedly 

farmed.  

5. Mulching involves covering the soil between crop rows with a layer of crop residues or litter or manures 

to reduce evaporation loss from the soil, reduce runoff and improve infiltration. The mulching helps in 

conserving moisture in the soil in dry areas whereas in high rainfall areas it helps to reduce runoff, soil 

loss and weed growth.  Mulching helps in conserving soil water by reducing evaporation and regulating the 

temperature of the soil, thereby decreasing irrigation demand during crop cultivation. With the addition of 

organic matter to the soil, mulch improves the physicochemical properties of the soil like aeration, soil 

particle aggregation, fertility and drainage over time. Excessive application of mulch may have negative 

effects like an increase in the incidence of pathogens and contaminants in soil. Thus, as per the 

International Society of Arboriculture (2005), the recommended depth of organic mulching application 

generally varies from 4 to 8 cm. 

6. Conservation tillage involves the preparation of seedbed while causing little land surface. The UC 

ANR Conservation Agriculture Systems Innovation initiative (CASI)  defined conservation tillage systems 

as “a practice that includes no-till, strip-till, ridge-till, and mulch till systems which maintain plant 

residues on at least 30% of the soil surface after tillage activities”. Conservation tillage preserves the soil 

structure by leaving crop residue on the soil surface and causing the fewest disruptions to the land surface. 

With better soil structure and soil cover, the soil's ability to absorb and infiltrate water increases, which 

decreases soil erosion and runoff and keeps pollutants from contaminating neighboring water sources. 

Conservation tillage practices significantly reduce evaporation, which not only improves the absorption of 

precipitation but also boosts irrigation efficiency and, ultimately, yields, particularly in hot and dry 

weather. Conservation tillage eliminates steps of tillage operations, saving the farmer both time and money 

http://casi.ucanr.edu/
http://casi.ucanr.edu/


 

 
Volume 04 - Issue 12 - December 2022       283 | P a g e  
 

7. Contour farming involves carrying out farm operations like ploughing, sowing, planting and 

intercultural operations along the contour lines in the sloping land. This leads to the creation of furrows 

which helps in the development of miniature reservoirs to collect the excess runoff, reduce the energy of 

runoff and increase the opportunity time for runoff absorption. This practice is most effective on lands with 

moderate slopes of 2-6% and deep permeable soils, which are not prone to surface sealing. 
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Introduction 
The most economically important sucking pests which cause significant crop losses in India are thrips, 

aphids, leafhoppers, scales, mealybugs, and mites. Of these, thrips are an important group of sucking pests 

that cause significant economic losses both as pests and vectors of serious plant viruses in several 

horticultural crops (Ghosh et al., 2017). There are reports on the outbreak of sucking pests like thrips in 

different regions due to changes in crop production patterns, indiscriminate usage of pesticides and climate 

change. Recently an outbreak of Thrips parvispinus (Karny) (Thysanoptera: Terebrantia: Thripidae) has 

been reported in southern states (Andhra Pradesh, Karnataka, and Telangana) especially on chili crops 

causing 50-80 percent damage. It is a cosmopolitan species of quarantine importance. It causes damage by 

rasping and sucking the sap from different parts of the plant with their well-developed left mandible 

(Heming 1978). The gravid females oviposit the eggs into the plant tissues with the help of a saw-like 

ovipositor (Ananthakrishnan, 1984). Their role as pollinators has also been documented on various tropical 

and subtropical crops. As insect vectors, thrips are the sole transmitters of Tospoviruses (genus Tospovirus, 

family Bunyaviridae) affecting a number of plant species belonging to unrelated plant families across the 

globe (Riley et al., 2011, Ghosh et al., 2021). 

Black Thrips, Thrips parvispinus 
Thrips parvispinus, a member of the “Thrips orientalis group” is commonly called Tobacco thrips, 

Taiwanese thrips, and South East Asian Thrips. Thrips parvispinus has been documented from Thailand 

to Australia (Mound and Collins, 2000). It is reported on papaya in Hawaii, Gardenia sp. in Greece, and 

vegetable crops like Capsicum, green beans, potato, and brinjal from other countries (Murai et al., 2009). 

The occurrence of this species in India has been first reported by Tyagi et al., (2015) on papaya from 

Bengaluru.  

Nature and Symptoms of Damage: Adults colonize mainly on flowers and the underside of leaves while 

larvae restrict themselves to under the surface of the leaves. Both adults and larvae damage plants by 

rasping and sucking of the plant sap. Heavy infestation affects the growth of the plant, and the flower drops 

and reduces fruit set and development, ultimately resulting in yield loss. 
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On leaves: 

a. Thrips prefer areas adjacent to veins for colonizing and feeding.  

b. Deep punctures and scratches on the underside of the leaves.  

c. Due to scrapping of chlorophyll on the underside of leaves and sucking of cell sap corresponding 

portion on the upper side of leaves appears yellowish and blotchy. 

d. Reddish brown discoloration under the surface of the leaves.  

e. Distorted leaf lamina with necrotic areas and yellow streaks.  

f. New flesh completely dry or blighted in case of severe infestation. 

On floral parts: 

a. Brownish streaks on the petals due to scraping by thrips.  

b. Pollination may be affected due to feeding on pollen.  

c. Drying and withering of the flower.  

d. Affect fruit set. 

Recently, the invasion started happening on the capsicum and chilli. Farmers started wondering about 

these black thrips and also found it difficult to get rid of them with regular management practices. 

 

Eco-Friendly Management Approaches for Black Thrips, T. parvispinus (Karny) 
The following eco-friendly management practices are suggested to overcome the incidence of black thrips 

on chilli as per DPPQ&S. These practices have to be followed under a wide area basis/community approach 

for better results. 

Cultural Methods 
1. Deep summer ploughing to destroy pupae and residual stages of thrips and other pests.  

2. Application of well-decomposed farm yard manure (FYM) or compost @ 2.5 t/ha, enriched with 

Metarhizium anisopliae or Pseudomonas fluorescens @ 2 kg/t along with recommended doses of farm yard 

manure (25 to 30 t/ha).  

3. Soil application of 500 kg of Neem cake and 1.50 -2.00 tons on of vermicompost/ha to induce resistance 

against thrips. 

4. Growing resistant or early/short-duration varieties if available in order to escape the peak incidence of 

thrips.  

5. Seed treatment with Imidachlorpid 70WS @10 g per kg seed.  

6. Seedling root dip for 30 minutes with Imidachlorpid 17.8% SL @ 0.5 ml/ L.  

7. Follow recommended spacing (60 x 30 cm or 45 x 45 cm) and avoid close spacing, as the high-density 

planting favors pest incidence and multiplication.  

8. Mulching with silver-coloured polythene sheets of 25–30-micron thickness to reduce pupation of thrips 

in the soil.  

9. Border cropping with 2-3 rows of tall growing crops like sorghum/maize / bajra / fodder grasses etc. sown 

thickly as a barrier for thrips movement.  

10. Intercropping chilli with maize/sorghum and cowpea at10:3:1 as barrier and reservoir crops for natural 

enemy multiplication, leading to biological control of thrips.  
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11. Frequent inter cultivation (earthing up/raking of soil) operations to destroy soil inhabiting pupae of 

thrips  

12. Clean cultivation and maintaining weed-free bunds are crucial for the management of pests. Uprooting 

and destruction of weeds such as Parthenium hysterophorus, Cleome viscosa, Prosopis sp., Lantana camara, 

Calotropis sp., Tecoma sp., Abutilon sp., wild Solanum sp., etc. present in the vicinity of field bunds which 

act as off-season and alternate host for thrips.  

13. Crop rotation with crops belonging to the family Poaceae or Gramineae (cereals). 

Mechanical Methods 
1. Nipping and destruction of severely infested apical shoots at the vegetative stage for the destruction of 

thrips residing over apical parts. 

2. Mechanical destruction of severely infested plants by uprooting and burying or incineration.  

3. Erection of blue or yellow/white sticky traps at 65–75 traps/ha at crop canopy height for mass trapping 

purposes and 20-25 traps/ ha for monitoring purposes. 

4. Blue tarpaulin sheet with glue pulling over field during vegetative stage of crop can reduce the insect 

population load (farmer practice). 

5. Adopting sprinkler irrigation system instead of flood irrigation, since the jet of water spray from 

sprinklers disrupts the growth and multiplication of thrips. 

Biological Methods 
1. Conservation of native natural enemies by avoiding spraying of chemical pesticides to the extent possible.  

2. Spraying of microbial-based insecticides like Beauveria bassiana or Lecanicilium lecanii at 4.00 g or ml/L 

(spore load - 1x108 cfu/g or ml), Pseudomonas fluorescence – NBAIRPFDWD at 20g/L or Bacillus albus – 

NBAIR-BATP @ 20 g/L uniformly covering the whole plant. 

3. These microbial cultures available at NIPHM, Hyderabad and Bio Control Unit, Raichur. 

4. Foliar spray of Entomo-Pathogenic Nematode (EPN), Steinernema carpocapsae formulation at10g/L + 1 

g wetting agent.  

5. Soil application of EPNs, Steinernema carpocapsae or Heterorhabditis indica at7.50- 12.50 kg/ha. It can 

be applied as soil drenching after mixing in 500 -750 L of water. EPN’s are to be used early in the morning 

or during late evening hours as they are sensitive to UV and high temperature. Spraying of EPNs in peak 

sunshine hours be avoided. 

Botanical/ Organic Methods 
1. Spraying % Neem Seed Kernel Extract (NSKE) or 5% Neem Seed Powder Extract or 0.50% Neem oil (5 

ml/L), 0.50% Pongamia oil (5 ml/L), and 5% Vitex negundo extract (50 ml/L).   

2. Spraying of commercial formulation of neem-based insecticide (Azadirachtin 3000 PPM) @ 2 ml/L.  

3. Spraying of 2% Fish Oil Rosin Soap (FORS) (20 ml/L) solely or in combination with Neem Seed Kernel 

Extract. 

4. Spraying of seaweed (Kappaphycus alvarezii) extract @ 2 ml/L for inducing resistance in the plant to 

withstand the severe incidence of thrips. 

Conclusion 
In the present and near future, advancement in biological control strategies of Thrips parvispinus could be 

the Non chemical approaches. Present research is working in this direction to screen and use of best eco-

friendly management practices, which could be effectively used in the field conditions.  It can effectively 

solve a number of pest problems in ornamental and vegetable cropping systems. 
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Summary 
In addition to conventional plant breeding, new biotechnological approaches are needed to boost yields of 

crops that feed the world. Recombinant DNA technology has great potential to enhance and extend the 

advantages of conventional plant breeding and increase the production and productivity of crops to meet 

the increasing demand for food and the diet of human food. Though a considerable change has been made 

in the development of transgenic plant, still biosafety concerns arise over the usage of transgenic foods and 

the risk associated with human and animal health and environmental problems. Hence is needed to study 

their risk assessment, management and communication of Genetically Engineered crops for a harmonious 

and sustainable food production and public acceptance of the GM crops. 

Introduction 
In order to remove hunger and malnutrition and to satisfy the demands of economically ascendant 

population in the next century, the world food production should be doubled by 2025-2030. GMOs are 

organisms (microbe, plant or animal) produced by gene transfer techniques. This technology is called ‘gene 

technology’, or ‘rDNA technology’ or ‘genetic engineering’ and the resulting organism is ‘genetically 

modified’, ‘genetically engineered’ or ‘transgenic’. Transgenic plant can be developed for resistant to pests 

and diseases which can significantly reduce the consumption of conventional insecticides insecticide 

(Suresh Kumar, 2014). Bt. cotton is the only GM crop approved by the Genetic Engineering Appraisal 

Committee (GEAC) in 2002 for commercial cultivation in the country.  Estimates of Bt cotton adoption vary 

from state to state. The area under Bt cotton was 11.7 lakh hectares during 2019- 20 with 3232.67 lakh 

bales (Directorate of Economics and Statistics). Bt cotton is grown in six states, i.e., Madhya Pradesh, 

Gujarat, Maharashtra, Andhra Pradesh, Karnataka and Tamil Nadu. 

Biosafety Concerns 
As more and more transgenic crops are released for field-testing and commercialization, concerns have 

been expressed regarding potential risks to both human health and environment. Risk analysis, the path 

for biosafety, consists of risk assessment, risk management and risk communication. 

1. Risk Assessment: Risks associated with GM crops are the potential to transfer the newly introduced 

genetic material to other crops or weeds via cross-pollination or to other organisms through horizontal gene 

transfer, potential to confer an ecological fitness advantage to the GM crop causing persistence and 

invasiveness (superweeds), potential of reversing downregulation of a naturally occurring hazardous trait, 

potential for production of substances that are toxic or allergenic to human beings or other species, potential 

to negatively influence decomposition processes in the soil and thus cause changes in nitrogen and carbon 

recycling, and potential that genetic modification leads to unintended effects, e.g., influencing other genes 

of the organisms, which might lead to unexpected hazards (Bock, 2005). 

2. Risk Management: Risk management strategies regarding GM crops, which primarily include 

confinement strategies (GM crops to be grown in protected greenhouses only), restricted use (GM crops to 

certain geographical areas), monitoring following experimental/commercial release or monitoring GM food 

to identify predicted or unforeseen effects, adherence to guidelines and technical support (e.g., introduction 

of refuge areas to minimize resistance development of pests or advice for good agricultural practices such 

as crop rotation and weed control to avoid weediness of GM crops and GM volunteer plants) and record 

keeping. Male sterility, if introduced in GM cultivars, shall be an added advantage. 

3. Risk Communication: Communication o Risk associated to all parties is unbiased. Scientific Steering 

Committee of the European Commission (EC) identified some key rules include completeness of 
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information, public access to documentation, transparency of discussions and motivations, frank 

acknowledgment of the various positions and contrasting views including speculations, clarity in wording 

and accuracy in use of specific expressions, recognition of different interests and stakeholders, and 

recognition of social, cultural and ethical issues (Bock, 2005). 

Conclusion 
One of the vital tools of biotechnology is genetic engineering (GE) which is used to modify plants, animals 

and microorganisms according to desired needs. A variety of crops have been engineered for enhanced 

resistance to a stress such as herbicides, insecticides, viruses and a combination of biotic and abiotic 

stresses in different crops. Thus, the up- and down-regulation of desired genes which are used for the 

modification of plants have a marked role in the improvement of genetic crops. When used in collaboration 

with conventional breeding methods, it enhances crop productivity, increase resistance to pests and 

diseases, develop tolerance to biotic and abiotic stresses, improve the nutritional value of some foods and 

enhance the durability of products during harvesting or shipping. With reasonable biosafety regulations, 

this can be done with little or no risk to human health and the environment assuring food for all. 

References 
1. Bock, A.K., 2005. Genetically modified plants and risk analysis. In: Pechan, P., Gert, V. (Eds.), Genes on the Menu: Facts for 

Knowledge-Based Decisions. Springer, Berlin, pp. 92–100. 

2. Suresh Kumar, 2014. Biosafety Issues of Genetically modified organisms. Biosafety, 3:2, 1000e150. 

  



 

 
Volume 04 - Issue 12 - December 2022       289 | P a g e  
 

Biofortification Benefits and Challenges 
Article ID: 38696 

Veershetty1, Gangaraj R2 
1Division of Agricultural Statistics, ICAR-Indian Agricultural Research Institute, New Delhi – 110 012. 

2Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi – 110 012. 

 

 

Introduction 
Through the process of biofortification, the nutritional value of food crops is increased using a number of 

techniques, including plant breeding, modern agronomic methods, and cutting-edge biotechnology 

techniques. Basically, biofortification is the process of improving crops' nutritional value from the seed up. 

Contrast it with food fortification, which tries to boost the nutritional content of processed food crops. In 

biofortification, crops are produced with embedded nutritional micronutrient content, increasing the 

nutritional value of the crop during the plant growth phase. Crops can be biofortified through selective 

breeding or genetic engineering. Only selective breeding is employed in India for biofortification. Deficits 

in iron, zinc, and vitamin A are the core topics of biofortification research. Deficits in certain micronutrients 

have the biggest global effects. In India, the emphasis is on foods high in iron, such as pearl millet, wheat, 

sorghum, rice, cowpeas, lentils, and cowpeas (iron and zinc). Pearl millet, rice, and wheat that have been 

biofortified are already available to farmers in India. 

Techniques of Biofortification 
The major techniques or methods by which crops can be biofortified are mentioned below. 

Agronomic practices: This entails applying fertilisers to soil that is deficient in certain micronutrients 

or minerals in order to boost the amount of those micronutrients in plants. 

Conventional plant breeding: This entails using conventional breeding techniques to create enough 

genetic variation for crops to have the desired characteristic, such as a high content of any micronutrient. 

In order to produce a plant with a high nutrient content as well as other advantageous features, it needs 

crossing varieties over many generations. In India, biofortified crops are only produced using this 

technology. 

Genetic engineering/modification: To add new or unusual traits, such as resistance to any illness, this 

includes introducing DNA into the genome of an organism. 

Biofortification Examples 
The following are some common examples of biofortification of food crops: 

Iron biofortification – Rice, sweet potato, beans, legumes, cassava 

Zinc biofortification – Rice, wheat, sweet potato, maize, beans 

Provitamin A carotenoid biofortification – Cassava, maize, sweet potato 

Amino acid and protein biofortification – Cassava, sorghum 

Benefits of Biofortification 
The goal of the Green Revolution and allied activities in India was to end hunger there. The country has 

boosted food grain production as a result of the Green Revolution and is now largely self-sufficient. The 

government has implemented a number of programmes and policies to guarantee that the populace 

consumes enough food in terms of caloric value. 

The present emphasis, however, is on enhancing the nutrient content of the diet. Despite having "enough 

to eat," many people do not consume enough food to provide adequate nutrition. The result is the issue of 

"hidden hunger". 

Hidden Hunger is the Term Used to Describe the Deficiency of Micronutrients Such as 

Zinc and Iron 
According to many researchers, hidden hunger can be solved by biofortifying food crops. 
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1. Biofortification helps in achieving overall health improvement in people. 

2. Such crops are more resilient to diseases, pests, droughts, etc. and provide better yields. 

3. It offers a food-based, sustainable and low-dose alternative to iron supplements. 

4. It has the potential to reach the poorest section of society (who cannot afford food supplements) and will 

also benefit farmers. 

5. It is highly cost-effective since once the initial research is done, the process can be easily replicated and 

scaled. 

6. Biofortification done through non-genetically modified methods (like traditional plant breeding done in 

India) is a better alternative than introducing GM crops which face implementation barriers. 

7. In a country such as India, that faces huge nutritional challenges, biofortification is a sustainable, cost-

effective method that can help resolve this challenge. 

8. Various studies and reports show that India faces a huge challenge in the form of undernutrition. 

9. Anaemia and iron deficiency are problems for pervading society, especially the economically weaker 

sections and women. 

Biofortification Challenges 
Some of the challenges faced in biofortification and introducing biofortified food grains as part of the daily 

diet in India are discussed below. 

1. Due to the colour changes in the grain, people hesitate to accept biofortified food as in the case of golden 

rice. 

2. Farmers also should adopt this on a large scale. 

3. The initial costs also could be a barrier for people to implement. 
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Tomato – Fasciation 
If any tomato plants look strange like in this image, it is exhibiting fasciation. Fasciation is an abnormal 

flattening of stems, often appearing as if several adjoining stems have fused. Small stems or leaves growing 

from distorted stems are abnormally abundant and undersized. It tends to be more common on landscape 

plants, but fasciation does occasionally appear on vegetable plants. 

 

The cause of most fasciations is not understood; some may be genetic and are not infectious, or some may 

be caused by bacterial or viral infections. 

Management: Because the bacterium Rhodococcus fascians is a common cause of fasciation. Fasciation 

bacteria survive on infected plants and debris. They spread in water and may infect through wounds. 

Control bacterial fasciation primarily through good sanitation and use of pathogen-free plants. To control 

fasciation due to all likely causes (bacterial and genetic), do not propagate or graft symptomatic plants. If 

affected plants are not removed, at least prune and dispose of distorted tissue. 

Tomato – Internal White Tissue 
Fruit affected by internal white tissue usually show no outward symptoms. However, when ripe fruits are 

cut, white hard areas are present in the outer walls. Under severe conditions, fruit may also show white 

tissue in cross-wall and center of fruit. 

 

High temperatures during the ripening period in the field seem to trigger the symptoms. 

Management: Maintaining adequate potassium fertilization has shown to reduce symptoms but may not 

eliminate them. As is common with many fruit problems, some varieties are more prone to the disorder 

than others. Fruit is edible, although you may wish to cut out the hard areas. 

Tomato – Sunscald 
When tomato fruit is exposed to the hot sun, it may become white/tan and leathery on the surface that is 

exposed to the sun. The exposed areas often become sunken and wrinkled. When the fruit turns red, the 

leathery area remains white and sometimes becomes covered by black, secondary mold (see photo at right). 
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Mature-green and breaker tomatoes are most susceptible to sunscald. (The "breaker" stage is the first signs 

of changing color. At this stage, the tomato is physiologically mature and will develop its tomato color 

naturally.) 

 

Defoliation caused by foliar diseases and insects also makes fruit susceptible to sunscald. 

Management: Do not prune leaf cover from the plant which can expose the fruit to the sun. Maintain plant 

vigor with necessary fertilizer and water to produce adequate leaf cover. 

Provide partial shade (for example, shade cloth, burlap, or other screening material) during the hours of 

the most intense sunlight. 

Fruit is edible if the damaged portion is not too large and quality has not been affected; simply cut out that 

area. However, if there is black mold, discard the fruit, do not eat. 

Tomato – Zippering 
Tomatoes affected with zippering have a thin, brown, necrotic scar that extends part or all of the way to 

the blossom end. This scar has transverse (cross-wise) scars around it that cause it to look like a zipper. 

 

Sometimes a hole opens to the locule (small cavity that contains seeds and gel sack) in addition to the scar 

(right side photo). 

Management: Injury is caused by anthers (the part of the flower that contains pollen) that become 

attached to the ovary wall of the newly formed fruit. Scarring is more common in cool weather but can 

occur under other weather conditions. 

Cultivars vary in their tendency to get this disorder. Fruit is edible. 

Pepper- Sunscald 
Because pepper plants sometimes do not have a lot of foliage, and the fruits tend to be exposed to the hot 

afternoon sun, it is a good idea to provide some type of shade or screening to the plants during the hottest 

months of summer. 

 

While peppers like heat, they do not like direct rays of the sun on the fruit during hot weather. They can 

get sunscald just like tomatoes. 

Sunscald is a bleached or tan-colored area on the fruit on the side exposed to afternoon sun.  Large-podded 

varieties like bell peppers are more susceptible to sunscald than varieties with small pods, but small-

podded peppers can get sunscald as well. 

Mature green fruit are the most sensitive. 

Management: Maintain plant vigor with necessary fertilizer and water to produce adequate leaf cover. 
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To protect fruit that is outside of the leaf cover, try using shade cloth (available at garden centers) attached 

to a frame made of wooden lath, resulting in a tent-like structure. Shade can also be provided with burlap, 

light weight floating row cover (for example Agribon), or even erecting a patio umbrella on the southwest 

side of the plants to screen the afternoon sun. Planting taller vegetables, like cucumbers on a trellis, on the 

west side of the peppers is another option. 

Fruit is edible if the damaged portion is not too large and quality has not been affected; simply cut out that 

area. However, if there is black mold or the fruit has begun to rot, discard the fruit, do not eat. 

Squash – Blossom End Rot 
A common problem with summer squash is the rotting of the blossom end of the fruit, called blossom end 

rot. Plants with blossom end rot show small, light brown spots at the blossom end of immature fruit. The 

affected area gradually expands into a sunken, leathery, brown or black lesion as the fruit ripens. Hard, 

brown areas may develop inside the fruit, either with or without external symptoms. 

 

The disorder is not associated with soil contact or with damage to other plant parts. 

Management: Blossom end rot results from a low level of calcium in the fruit and water balance in the 

plant. It is aggravated by high soil salt content or low soil moisture and is more common on sandier soils. 

To reduce rot: 

a. Monitor soil moisture to make sure that the root zone neither dries out nor remains saturated. 

Additional watering may be necessary during extended dry periods. Moisten the soil to a depth of 

6-8 inches. Light sprinklings will encourage shallow rooting of the plants. The critical period for 

moisture is during fruit set and fruit development. 

b. Mulch with 2-3 inches of materials such as grass clippings, straw, and leaves. Mulching prevents 

rapid soil drying and allows roots to take up available calcium efficiently. 

c. Follow recommended rates for fertilizers.  Too much nitrogen during early fruiting, especially 

with nitrogen made with ammonia, ties up calcium in the soil chemistry. 

Some varieties are more affected than others. The disorder is not caused by a pathogen; there are no 

pesticide solutions. 

Fruit is edible; cut off affected end. If fruit quality has deteriorated or if it has begun to decay, do not eat. 

Cucumber- Bitter Fruit 
There is a very technical reason for bitterness, but the following is a simplified explanation. 

The culprit is organic compounds called cucurbitacins, which impart a bitter flavor to seedling roots, stems, 

leaves, and fruit. At low levels, we cannot detect them, but high levels of cucurbitacins produce extremely 

bitter fruit. Cucumbers possess genes and enzymes that control bitterness, and some cucumber varieties 

possess a gene that inhibits their formation. Bitter cucurbitacins are likely to concentrate at the stem end 

and in and just under the skin of cucumbers. 

The amount of bitterness in cucumbers appears to vary from year to year and from location to location. 

This may occur because enzyme production is stimulated or depressed under certain environmental 

conditions. Cool temperatures can enhance bitterness; fertilization, plant spacing, and irrigation frequency 

have exhibited a little consistent effect on the number of bitter cucumbers produced. Also, varieties vary 

widely in their tendency to be bitter. 
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Management: Avoid growing cucumbers in cool or shaded locations and provide uniform moisture and 

ample nutrients to ensure a good yield of quality fruit. Select the new hybrid varieties, as they seem to 

have less of a tendency toward bitterness. If a fruit expresses bitterness, it can usually be eliminated by 

peeling away the skin and outer flesh and removing the stem end. The direction of peeling does not have 

an effect on the spread of bitterness. 

Cucumber – Misshaped Fruit 
Reasons: 

Poor pollination - If cucumbers are funny shaped, it might have a problem with pollination. Pollination 

has obviously occurred because there are fruits, but if low insect activity is low, then the pollination process 

can be incomplete, resulting in inadequate pollination and only part of the cucumber becoming fully 

developed. 

 

If there is a lack of insects in a garden area, might find that there are no, or very few, insects to pollinate 

your cucumbers. These plants require bees for pollination, and if there is a lack of bees in an area, it will 

have difficulties. Try planting flowering plants that will attract bees and other pollinators, such as basil, 

bee balm, borage, cosmos, sunflowers, and zinnias.  

Temperature: Sometimes when the temperature gets too hot, it can actually kill the pollen. Bees may 

carry both live and dead pollen to the female flowers. The live pollen will pollinate a portion of the 

cucumbers, while the dead pollen does nothing. If this happens, again you will have deformed cucumbers. 

Insufficient water: Deformed cucumbers could be caused by moisture stress, especially during hot 

weather. Cucumbers require plenty of water throughout the growing season, particularly during 

development of the fruit. 
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Introduction 
Groundnut (Arachis hypogaea L.) is a leguminous crop cultivated in the tropics and sub-tropics around the 

world. Groundnut is the third most important oilseed crop grown in India in an area of 4.83 Mha with 9.95 

Mt production (DES, DA & FW, 2021)                                                                                                                  

In Andhra Pradesh, groundnut was grown in 8.09 lakh hectares with a production of 5.35 lakh tones and 

productivity was 661 Kg ha-1 (DES, Govt. of Andhra Pradesh, 2021) 

Groundnut contains average lipid content of 40-54 per cent of which >80 per cent is made of heart healthy 

fatty acids like oleic and linoleic acids. High protein content (20-30 %) with balanced amino acids and high 

digestibility, iron (4.58 mg), zinc (3.27 mg), calcium (92 mg) and magnesium (168 mg) per 100 g of 

groundnut provides most of the recommended daily nutrients for a healthy human life. Besides above 

nutritional benefits, very good flavour and quality of oil makes the groundnut among the top oilseed crops 

grown in the country (NIN, 2017) 

Abnormal environmental conditions, pests and diseases limit all the efforts made to achieve the full genetic 

potential of the crop for assured yields. Pests and diseases are frequently causing increased yield losses of 

which pest contributes 26.74 per cent and diseases contribute 25-50 per cent yield losses in groundnut 

cultivation (Chohan, 1974; Jayewar et. al., 2017)                                                                                                                 

For sustainable management of diseases and pests in groundnut, eco-friendly integrated pest and disease 

management options should be followed i.e., a series of steps to be adopted to monitor and reduce the pest 

population and disease incidence with limit use of chemicals. 

Details of Plant Protection Measures 
1. Deep summer ploughing is practiced to reduce the population and incidence of root grub, tobacco 

caterpillar, stem rot, collar rot and dry root rot diseases respectively.                                                  

2. Removal disposal of infected plant material and weeds will reduce the severity of most of the pests and 

diseases of groundnut and the practice is especially important in the management of viral diseases like bud 

necrosis, stem necrosis and rosette diseases of groundnut. 

3. Crop rotation with either cereals or millets like wheat or maize or sorghum or mixed cropping with moth 

bean will minimise stem rot pathogen. 

4. Crop-rotation using cereal crops reduces root-knot nematode population in soil. 

5. Growing pearl millet as border crop and castor as trap crop will reduce tobacco caterpillar damage. 

6. Adoption of inter-cropping systems with either non-host crops or most preferentially antagonistic crops 

will reduce the pests and diseases. 

7. Application of organic amendments like neem cake @ 500 Kg ha-1 15 days before sowing or in seed furrow 

during sowing reduces diseases like collar rot and stem rot. 

8. Use disease and insect tolerant or resistant varieties is the most economical way of managing the pests 

and diseases and is the only method to manage viral diseases. 

9. Use disease free and insect free seeds will provide healthy crop stand in the field.  

10. Taking up early sowing will escape damage caused by white grub, leaf miner and collar rot. 

11. To prevent seed and soil borne pathogens at initial crop stages, seed treatment with commercial 

formulation of Trichoderma harzianum or T. viride @  4 g Kg-1 seed or tebuconazole 2 DS @ 1.5 g Kg-1 
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seed or carbendazim @ 2 g Kg-1 seed or mancozeb @ 3-4 g Kg-1 seed will provide efficient protection at initial 

crop growing period. 

12. Installing one light trap per acre and 4 pheromone traps per acre for surveillance of tobacco caterpillar 

and gram pod borer helps in planing for effective management strategy. 

13. The eggs, larvae of red hairy caterpillar, tobacco caterpillar and adults of white grub can be 

mechanically collected and destroyed. 

14. Use of beneficial insects like, spiders, coccinellids, hymenopteran and dipteran parasitoids that will 

naturally hinder the population growth of many pests.   

15. To manage leaf miner and defoliators, release adults of Trichogramma chilonis or Telenomus remus @ 

20000 acre-1, two times at 7-10 days interval followed by release of Bracon hebetor @ 2000 acre-1 two times 

at 7- 10 days. 

16. Spraying commercial formulation of NPV-Helicoverpa and NPV-Spodoptera for the management of 

gram pod borer and tobacco caterpillar @ 0.4 ml L-1 and GV-Amsacta @ 0.3 ml L-1 for red hairy caterpillar. 

17. For managing leaf eating caterpillars, spray commercial formulations of Bacillus thuringiensis @ 2 g L-

1. 

18. To manage defoliator and sucking pests, spray entomopathogenic fungus like, Beauveria bassiana @ 2 

g L-1 and Verticillium lecanii @ 5 g L-1 respectively. 

19. Creating trenches dusted with 5 per cent carbaryl 50 WP around the field minimises red hairy 

caterpillar population. 

20. Defoliators damage can be minimised by spraying mixture of neem oil added with soap powder @ 5 ml 

L-1 or Pongamia oil @ 3 ml L-1 or Azadirachtin 3 % @ 3 ml L-1. 

21. The poison bait (rice bran 12.5 Kg + molasses/jaggery 2.5 Kg+ carbaryl 50 WP 1.25 Kg) are placed in 

the field during evening hours to manage tobacco caterpillar. 

22. To manage leaf spots and rust, spray propiconazole 25 EC @ 1 ml L-1 or hexaconazole 5 EC @ 1 ml L-1 

or tebuconazole 25.9 EC @ 1.5 ml L-1. 

23. Spraying of sorghum leaf extract (1:10) + monocrotophos (1.25 ml L-1) at 20 and 30 DAS will reduce 

incidence of PBND and leaf miner in groundnut 

24. Management of defoliators and leaf miner through flubendiamide 48 SC @ 0.02 ml L-1 or novaluron 10 

EC @ 1 ml L-1 quinalphos 25 EC @ 2 ml L-1 or profenofos @ 50 EC @ 2 ml L-1 

Summary and Conclusion 
Use of chemicals alone for managing pests and diseases of groundnut was found uneconomical and 

ecologically unacceptable. Integration of cultural, legislative, biological and chemical means of 

management practice provides long-term protection from pests and disease and restores ecological balance 

of the nature. Keeping in view of the benefits of the IPDM in groundnut farmers should be awakened to 

practice the IPDM in groundnut. 
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Introduction 
Farming was a surprisingly original notion when it was first developed some thousand years ago. It allowed 

our ancestors to dwell in one place and establish future civilizations. But ever since, the strain on 

agriculture has been worse with every year that goes by. Currently, conventional farming practises are no 

longer viable due to the industry's failure to keep up with the size of the expanding population. To tackle 

the problems of the modern world, novel new approaches must be devised. One such approach is referred 

to as "smart farming". Here by examining the idea of smart farming in great detail, discusses the nature 

of farm automation technology and looks at the numerous technologies related to this approach. 

Farm automation is the practise of employing various technological advancements to modernise and 

automate the numerous activities involved in farming. This method aims to make agriculture's labour and 

time-intensive processes easier for farmers all around the world. Farmers now have more time and 

resources to invest in their properties because to advances in agricultural technology and mechanised 

farming. 

The Different Technologies in Farm Automation 
Numerous cutting-edge technological innovations have arisen in recent years to help farmers with their 

tasks. In this section, we go over the most notable agricultural automation technology. 

The creation and application of various drone and robotic technologies have made it easier for farmers to 

handle the demanding nature of their line of work. Particularly in these segments, the following 

developments have emerged: 

Irrigation Drones: In order to maintain the health and wellness of the produce throughout its numerous 

cycles, irrigation of fruits and vegetables is a critical stage in farming operations. Even though the fact that 

irrigation has been used for many years, irrigation-related technology has remained unchanged. 

For this reason, farmers are looking for drones to help ease the load of irrigation. Drones like the Agras 

MG-1 can cover more than 6,000 square metres of farmland in less than 10 minutes and can carry 10 litres 

of fluids on a single fill.  

These drones can comprehend and adjust to the numerous characteristics of a farm, including height, the 

kinds of plants being grown, and even the weather conditions. When used in conjunction with monitoring 

technologies, these drones can easily match needs to specific areas of the farm that need more care. 

Robots for Planting: Large tracts of farmland typically require several hours of arduous labour to plant 

crops. Robots and drones, which are equipped to sow seeds both on the ground and in the air, can also be 

used to complete this duty. 

For instance, a drone called Drone Seed is used to plant seeds in order to help reforest vast areas that have 

been burned by forests. The precise ground locations that are perfect for seeding can be found and targeted 

by this drone. The seeds are then launched with compressed air onto the ground without allowing the wind 

to disperse them. 

Analytical and Monitoring Tools: Farmers invest a lot of time manually monitoring and analysing the 

state of their crops after beginning the planting process and establishing irrigation systems. Farmers have 

historically had to rely on available knowledge to make cautious decisions because this is not an exact 

science. With the use of drones that can be continuously sent out to monitor farmlands, automation in 

farming can change this erroneous science into an accurate one.  
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These drones can be trained to look for and recognise different details so that farmers can be better 

informed. This involves utilising various sensors and cameras, such as infrared technology, to detect 

damaged crops, monitor nutrient levels, and even provide a 3D field map to farmers. 

Harvest Automation Tools: One of the hardest parts for farmers whole year will be frequently the 

harvesting season. Since so much depends on this procedure, effectiveness and precision are paramount. 

Therefore, harvest robots are being created to help at this vital time. A great illustration of an apple-focused 

harvesting robot is Abundant. This bot's performance has been known to significantly alter when vacuum 

technology is used. 

Another comparable device used to assist farmers in harvesting strawberries is called an agrobot. Before 

it can begin to harvest the fruit, it uses AI technology to determine its level of ripeness. 

Automatic Irrigation: Subsurface drip irrigation (SDI) system assistance and information provision 

using sensors are two specialised uses for automated irrigation procedures. 

For managing the drop and giving plants the exact amount of water, they require, SDI technology is helpful. 

When used in conjunction with IoT sensors, it can assist farmers in analysing the soil's moisture levels at 

all times and taking appropriate action as needed. 

Robotics for Seeding and Weeding: Specially designed farming robots have been developed to assist 

with the weeding and seeding operation. These robots increase their efficiency and optimise the available 

resources by utilising technologies like artificial intelligence and computer vision. 

These robots can even apply fertilisers, and their accuracy has a significant positive impact on the local soil 

and ecosystem. 

Deeply interested in this field, Eco Robotics has developed solar-powered robots that can carry out these 

tasks. 

Automated Tractors: Agri-tech has seen a surge in interest in automated tractors. These types of 

equipment may be operated remotely, giving farmers a lot of extra time to attend to their farms' more 

pressing requirements. The development of smart tractors is undoubtedly progressing, and it is anticipated 

that soon these machines will be completely autonomous. This implies that they would be able to operate 

different farm tasks without the supervision of the farmers by using numerous ancillary technologies like 

GPS and light detection sensors. 

Bear Flag Robotics, a company that specialises in building driverless tractors, is a good source of 

autonomous tractors. Farmers are now able to remotely plan these vehicles' paths and even gain real-time 

reports of their land as the tractor goes about its duties. 

The Advantages of Farm Automation Technology 
The green revolution fundamentally altered agriculture for decades to come, and the smart revolution may 

have a comparable effect on the sector. In the section that follows, we examine a few of the most significant 

benefits of farming automation. 

Meeting Growing Needs: At this time, the world's agricultural needs are genuinely enormous, and 

present farming methods will not be able to supply them. The potential of farmlands can be maximised, 

farmer stress can be reduced, and process efficiency can be increased with the use of clever agricultural 

farming methods. These techniques will eventually be able to meet our population's needs. 

Solving Labour Shortage Problems: The majority of farming procedures today demand a lot of labour; 

thus, it needs a consistent workforce all year long. Unfortunately, farming is not a lucrative industry, which 

contributes to the acute labour shortage in this sector. By assuming dull and repetitive activities, robots 

and drones can help fill the labour shortage by freeing up the workforce to concentrate on more profitable 

professions. 

Caring for the Environment: The ecology is being negatively impacted by the improper use of chemicals 

on farmlands and the ongoing conversion of forests into farms. Here, efficiency is crucial to finding 

solutions. It is entirely feasible to carry out farming on already-existing land without destroying further 

trees. To protect the environment, smart agricultural methods that increase area use and enhance current 

procedures are all that is required. 
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The Challenges of Farm Automation Technology 
It's quite understandable that the cost of purchasing these instruments is high at the moment given that 

robotics and drones are relatively recent inventions that are being used in agriculture. Additionally, the 

fact that the great majority of farmers cannot now afford such methods makes this one of the main obstacles 

to farm automation. 

In order to make these technologies more accessible to farmers, governments and businesses must 

collaborate. Although the amount of research and development required for this area is now on the upper 

end, it could have significant effects on the planet's future. 
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Introduction 
Space food is a category of food item developed and prepared for astronauts to eat during spacecraft 

voyages. The food must meet strict specifications to provide adequate nourishment for astronauts while 

being simple and secure to prepare, store, and eat in the weightless, machinery-filled surroundings of 

crewed spacecraft. To maintain a lengthy shelf life, the majority of space food is freeze-dried. 

 

Various countries with active space programmes have employed space food in recent years as a means of 

promoting intercultural understanding and sharing their cultural identities. Although astronauts eat a 

variety of meals and beverages in space, The Man in Space Committee of the Space Science Board first 

proposed in 1963 that astronauts be given a formula diet that would offer all the vitamins and nutrients 

they required. 

History: In the Beginning 
With the challenge of developing food to eat in microgravity, scientists were faced with basic questions such 

as could food be digested easily? Or how would it react to extreme pressure and vibrations during launch? 

The procedures were strictly followed. Food must be nutritional enough to support an astronaut during 

their space missions, be crumble-free, light, simple to prepare and consume, long-lasting without requiring 

refrigeration. 

The first meal consumed in space was by Russian astronaut Yuri Gagarin in the spring of 1961. He had a 

tube of chocolate sauce and another tube of pureed meat in the shape of a squeezable toothpaste tube. The 

next year, NASA sent puréed meat and vegetables from an aluminium tube to John Glenn in honour of him 

becoming the first American to eat in space. 

NASA launched Skylab in 1973, the first space station that made it possible for astronauts to spend weeks 

or even months at a time in space. By this time, it was well understood how important it was to give 

astronauts food with familiar tastes and textures to support their psychological wellbeing. NASA added an 

eating facility to Skylab as a result. Footholds allowed the crew to gather around a table and consume their 

meals in a comfortable environment instead of chairs. Skylab's use of solar cells instead of earlier 

spacecraft's fuel cells, which produced water as a by-product that could be recycled into the food system, 

limited the types of foods that could be rehydrated. 
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The first dedicated food storage refrigerator that NASA launched into space was Skylab. It contained frozen 

food, which crews found to be the most preferred due to its similarity to meals from Earth. The crew 

employed a food warmer tray, a neat apparatus with distinct compartments that heated meal packages by 

conduction. Ham, chilli, mashed potatoes, steak, asparagus, and of course ice cream were all available 

throughout the Skylab missions. 

Types 
There are several classifications of space food, as follows: 

1. Beverages (B) - Vacuum sealed beverage pouches are used to deliver freeze dried drink mixes (coffee 

or tea) or flavoured liquids (lemonade or orange drink). Depending on individual taste preferences, sugar 

and/or powdered cream may be added to coffee and tea. Water can be drank from empty beverage pouches 

that are available. 

 

2. Fresh Foods (FF) - Resupply missions deliver tortillas, fresh produce, and fruits. To avoid spoilage, 

these foods must be consumed within the first two days of the package's arrival at the International Space 

Station. These foods are offered as psychological assistance for astronauts who might spend a long time 

apart from their families. 

3. Irradiated (I) Meat - Ionizing radiation was used to sanitise the beef steak to prevent food spoilage. 

The U.S. Food and Drug Administration (FDA) has granted NASA permission to use this method of food 

sterilisation. 

4. Intermediate Moisture (IM) - foods with a small amount of moisture, but not enough to deteriorate 

right away. Examples include beef jerky and sausage. 

5. Natural Form (NF) - Commercially available, shelf-stable foods such as nuts, cookies, and granola 

bars that are ready to eat. 

6. Rehydratable (R) Foods - Foods that have been dehydrated by various technologies (such as drying 

with heat, osmotic drying, and freeze drying) and allowed to rehydrate in hot water prior to consumption. 

Reducing the water content reduces the ability of microorganisms to thrive. 

7. Thermostabilized (T) - Also known as the retort process, this process heats foods to 

destroy pathogens, microorganisms, and enzymes that may cause spoilage. 

8. Extended shelf-life bread products - Scones, waffles, and rolls specially formulated to have a shelf 

life of up to 18 months. 

Processing 
Food design for eating in space is a sometimes-challenging task. For something to be deemed suited for 

space, it must satisfy a number of requirements. The food must, first and foremost, be medically acceptable. 

In particular, it must be appealing, easily digestible, and nourishing. Second, the food needs to be created 

to be consumed in zero gravity. As a result, the food needs to be light, nicely packaged, quick to serve, and 
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easy to clean up. Foods must also utilise the least amount of energy possible throughout their whole life 

cycle, be easy to open and store, and produce little waste (foods that tend to leave crumbs, for example, are 

ill-suited for space). 

Although carbonated beverages have been attempted in space, the effects of microgravity on belching have 

made them unpopular. Wet burping is a type of vomiting that occurs when the stomach's fluids and gas 

cannot be separated by gravity. STS-51-F carried Coca-Cola and Pepsi for the first time in 1985. Coca-Cola 

has travelled on future trips in a specially made dispenser that makes use of BioServe Space Technologies' 

biochemical experimentation apparatus. In 1996, Pepsi cans were shipped aboard Space Station Mir. 

Additionally, beer has been designed to lessen the likelihood of wet burps in microgravity and to 

compensate for the decreased taste and smell perception in space. A parabolic flight experiment conducted 

for Vostok 4-Pines Stout confirmed that the lower carbonation recipe satisfied the requirements for use in 

space. In order to make beer, barley has also been brought back to Earth from farms that have been grown 

in space for numerous generations. The study proved that components produced in space are safe for 

manufacture even though it wasn't a space dish (it utilised the same high carbonation "Earth" recipe). 

Many obstacles have made it difficult to achieve space bread. In 2012, a technique was put out that would 

use dissolved CO2 instead of yeast to leaven the dough and cook it at low temperatures, opening the door 

for future space missions to bake fresh bread using bulk supplies. 

Packaging 
Space food packaging's main goal is to preserve and contain the food. However, the packaging must also be 

portable, simple to discard, and helpful in the process of getting the food ready for eating. A bar-coded 

marking on the box also enables the tracking of an astronaut's diet. The food's labels also provide English 

and Russian preparation instructions. 

Cans and tins are used to package a lot of the food used in the Russian space programme. These are opened 

using a can opener, heated using electro-resistive (ohmic) techniques, and the food within is consumed 

immediately. Russian soups are watered and eaten straight from the containers.  

NASA uses freeze drying or retort pouches to package food for space travel. In order to keep them in place, 

they are also packaged in sealed canisters that fit onto trays. The trays have clips for holding a beverage 

pouch or cutlery in the microgravity condition and straps on the underside that astronauts can use to tie 

the tray to an anchor point like their legs or a wall surface. 

Cooking in Space 
Rehydration chambers and food warmers are installed on the International Space Station to prepare 

packaged food for ingestion. The Russian Orbital Segment (ROS) was home to the ISS's first and only 

kitchen, which included a hydration system for reheating food and a food warmer for canned goods. 

To provide the reheating feature for food items packaged in packets, the United States produced the second 

food warmer device in the form of a briefcase. The Unity module was expanded to accommodate the larger 

personnel by adding a second galley. As Russian, space shuttle, and other ISS crew frequently ate in their 

respective segments with different timetables, combined dinners were uncommon. 

The Tianhe core module houses living quarters, recreational equipment, and the kitchen on the Tiangong 

Space Station. The station has a small kitchen table for food preparation and the first-ever microwave oven 

in spaceflight, according to Huang Weifen, the head astronaut trainer of the China Manned Space Agency 

(CMSA), so that astronauts can "always have hot meals whenever they need." 

Conclusion 
The term "space food" refers to a group of food products created and prepared for astronauts to consume 

during spaceship missions. For astronauts to receive the proper nutrition, the food must adhere to exacting 

standards. NASA conducted numerous studies to provide the greatest meals in space. 

Numerous cutting-edge studies on packaging, nutritional value addition, storage, preservation, and other 

elements of food science and technology are still being conducted. Still much work to be done in this field 

of study. 
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Introduction 
What are Coated phosphatic fertilizers? 

Coated Phosphatic fertilizers are a purposely designed fertilizers that are coated with natural or semi-

natural, eco-friendly polymeric substance which releases active fertilizing phosphorous in a controlled, 

restricted manner in synchrony with the sequential nutrient requirement of plants, thus, providing 

enhanced phosphorous use efficiency as well as increased yields (Azeem et al., 2014). 

 
Figure. 1: Mechanism of controlled release of coated P fertilizer 

When coated phosphatic fertilizer is applied, irrigation water enters the protective layer, condensing on 

the solid fertilizer core thus causing partial nutrient dissolution. As osmotic pressure builds within the 

protective layer, the granule swells, resulting in two processes. When osmotic pressure exceeds the 

threshold membrane resistance in the first case, the protective layer bursts and the entire core is 

spontaneously released. This is known as a "failure mechanism" or "catastrophic release." In the second, if 

the membrane withstands the developing pressure, core fertilizer is thought to be released slowly via 

diffusion for which the driving force may be a concentration or pressure gradient, or combination thereof 

called the “diffusion mechanism”. The failure mechanism is generally observed in frail coatings (e.g. sulfur 

or modified sulfur), while polymer coatings (e.g. polyolefin) are expected to exhibit the diffusion release 

mechanism. 

Under 25°C, Control release rate must meet three criteria:  

1. < 15% of the nutrients should be released in 24 hours. 

2. < 75% should be released in 28 days, and 

3. At least 75% should be released by the stated release time (40–360 days). 
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Factors Affecting Nutrient Release Rate 
1. Temperature: As the temperature increases the release of the nutrients increases this is because as 

the temperature increases melting of the coating increases thereby increasing release rate. 

2. Moisture: As the moisture increases the release rate of nutrients will be increased due to easy 

dissolution of fertilizer and its coating. 

3. Size: As the size increases the release rate will be decreased due to less surface area available for 

reaction. 

4. Coating thickness: As the coating thickness increases the release of nutrients will be reduced this is 

mainly due to the coating acts as a barrier for the release of nutrients. 

5. Coating failure: If the coating failures like cracks and abrasions occur then the release rate will be 

high. 

Advantages of Coated P Fertilizers 
As there is no need to apply excess quantity of fertilizer to meet the nutrient demand of plants thereby 

Savings in fertilizer quantity. As they discharge nutrients in a delayed manner, they also reduce nutrient 

loss, seed toxicity, leaf burning. As most of the coating materials are biodegradable, they will not exhibit 

any hazardous effect on soil health thereby improve quality of soil, handling properties and germination 

rates. They have flexibility of release periods from 40 to 360 days at 25ºC. Thereby Increased Phosphorous 

Use efficiency (PUE). As they do not have offsite hazardous effects thereby reduction in ground water 

pollution (Azeem et al., 2014). 

Different Types of Coated Phosphatic Fertilizers 
Polymer coated P fertilizers, clay composites coated P fertilizers, attapulgite coated P fertilizers, chitosan 

coated P fertilizers, zeolite coated P fertilizers, organic manures and oils coated P fertilizers, organic acids 

coated P fertilizers, inorganic materials coated P fertilizers (Gypsum, gum and paraffin wax) and 

biodegradable polymers coated P fertilizers (Singh, 2003). 

Conclusion 
As the rock phosphate reserves are naturally occurring due exhaustive use of these resources in phosphatic 

fertilizer consumption they are depleting over the years. Being a part of the environment, it is our 

responsibility to conserve these resources. In order conserve these reserves the excessive use of P fertilizers 

should be decreased and the PUE should be increased. The innovative option for increasing PUE is using 

coated phosphatic fertilizers which are eco-friendly and releases nutrients in a controlled manner which 

will be synchronized with the plant requirements. 
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The Cartagena Protocol on Biosafety to the Convention on Biological Diversity is an international 

agreement which aims to ensure the safe handling, transport and use of living modified organisms (LMOs) 

resulting from modern biotechnology that may have adverse effects on biological diversity, taking also into 

account risks to human health. It was adopted on 29 January 2000 and entered into force on 11 September 

2003. It has 171 parties. 

Introduction 
On 29 January 2000, the Conference of the Parties to the Convention on Biological Diversity adopted a 

supplementary agreement to the Convention known as the Cartagena Protocol on Biosafety. The Protocol 

seeks to protect biological diversity from the potential risks posed by living modified organisms resulting 

from modern biotechnology. It establishes an advance informed agreement (AIA) procedure for ensuring 

that countries are provided with the information necessary to make informed decisions before agreeing to 

the import of such organisms into their territory. The Protocol also establishes a Biosafety Clearing-

House to facilitate the exchange of information on living modified organisms and to assist countries in the 

implementation of the Protocol. 

The ICCP Process 
The Inter-governmental Committee for the Cartagena Protocol on Biosafety (ICCP) was established 

in decision EM-I/3 adopting the Cartagena Protocol on Biosafety, to undertake the preparations necessary 

for the first meeting of the Parties to the Protocol. Following its establishment, the ICCP convened an 

organizational meeting on 29 January 2000, chaired by Ambassador Yang of Cameroon, and elected a 

Bureau to oversee its activities. 

Entry Into Force 
The Protocol entered into force on 11 September 2003. 

Strategic Plan for the Cartagena Protocol on Biosafety for the Period 2011-2020 
At 5th meeting, the COP-MOP, in adopted the Strategic Plan for the Cartagena Protocol on Biosafety 

covering the period 2011 to 2020. The Strategic Plan comprises a vision, a mission statement and five 

strategic objectives: 

1. Facilitating the establishment and further development of systems for the implementation of the 

Protocol. 

2. Capacity-building. 

3. Compliance and review. 

4. Information sharing. 

5. Outreach and cooperation. 

Key Elements of the Protocol 
Following are the key elements of protocol:  

1. Objective of the Protocol: It contribute to ensuring an adequate level of protection in the field of the 

safe transfer, handling and use of living modified organisms resulting from modern biotechnology that may 

have adverse effects on the conservation and sustainable use of biological diversity, taking also into account 

risks to human health, and specifically focusing on trans-boundary movements. The Protocol is not a 

moratorium on modern biotechnology.  

2. Scope of the Protocol: The Protocol applies to the trans-boundary movement, transit, handling and 

use of all living modified organisms that may have adverse effects on the conservation and sustainable use 

of biological diversity, taking also into account risks to human health.  
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3. Advanced informed agreement (AIA): It is a Prior Informed Consent (PIC) for first movement of 

Living Modified Organisms (LMOs) for intentional introduction into environment. Exporter must provide 

detailed information in advance of first shipment. Depending upon this importer may then authorize/refuse 

shipment. 

AIA procedure includes notification, acknowledgement by importer (90 days) and decision procedure and 

review of decisions. 

4. Risk assessment & risk management: Identification of potential environmental adverse effects or 

hazards and determining when a hazard is identified, the probability of its occurring in accordance with 

principles, methodologies & details in Annex III, identifying potential adverse effects-scientifically, case by 

case and minimum information ensured by importer, cost by exporter. 

Risk Management: Methods applied to minimize potential hazards or adverse effects identified by the 

assessment are measures to manage and control risks, prevent unintentional LMO movement and ensure 

that LMOs are observed for an appropriate period before use. 

5. Procedure for LMOs intended for direct use as food/ feed/ processing: It revolves around a 

multilateral exchange of information regarding such LMOs between potential parties of export and 

potential parties of import. Any Party that makes a final decision regarding domestic use, including placing 

on the market, of an LMO that may be subject to trans-boundary movement shall, within 15 days of making 

that decision, inform the Parties through the Bio-safety Clearing-house (BCH). In return, each Party shall 

make available to the BCH copies of any national laws, regulations and guidelines applicable to the import 

of such LMOs on their national territory.  

6. Handling, Transport, Packaging and Identification: Article 18 of the Cartagena Protocol addresses 

the issue of the handling, transport, packaging and identification of living modified organisms (LMOs). 

Paragraph 1 of the Article concerns the safe handling, transport and packaging of LMOs Each Party to 

the Protocol has the obligation to take necessary measures to require that LMOs be handled, packaged and 

transported under conditions of safety, taking into consideration relevant international rules and 

standards. Paragraph 2 sets out obligations on each Party to take measures to require the identification 

of LMOs in accompanying documentation. These identification requirements vary depending on the 

intended use of the LMOs. Paragraph 3 of article requires the Parties to consider whether there is a need 

to develop standards on identification, handling, packaging and transport practices and if there is, how 

these standards should be developed. 

7. Information Sharing and the Biosafety Clearing-House: A clearing-house (BCH) is established to 

facilitate the exchange of scientific, technical, environmental and legal information and experience with 

LMOs. It assists Parties to implement the Protocol. 

8. Capacity Building: Article 22 of the Protocol requires Parties to cooperate in the development and/or 

strengthening of human resources and institutional capacities in bio-safety, including biotechnology to the 

extent that it is required for bio-safety, for the purpose of ensuring the effective implementation of the 

Protocol. In doing so, they are required to take fully into account the needs of developing country Parties 

and Parties with economies in transition for financial resources and access to and transfer of technology 

and know-how. In order to be able to implement their obligations, Parties need appropriate institutional 

mechanisms and infrastructure, well-trained human resources, adequate funding, access to relevant 

information and other types of capacities.  

9. Socio-economic Considerations: In reaching a decision on import, Parties may take into account 

socio-economic considerations arising from the impact of LMOs on the conservation and sustainable use of 

biological diversity, especially with regard to the value of biological diversity to indigenous and local 

communities. However, this must be consistent with other international obligations. 

10. Liability and Redress: The Protocol provides for a process to elaborate appropriate international 

rules and procedures regarding liability and redress for damage resulting from trans-boundary movements 

of LMOs. The first meeting of the Parties has set this process in motion by establishing an Open-ended 

Working Group of Legal and Technical experts to develop options for a liability and redress regime under 

the Protocol. Negotiations expected to be completed in 2007.  
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11. Compliance: Cooperative procedures and institutional mechanisms to promote compliance and to 

address cases of non-compliance have been approved at the first meeting of the Parties. Among them, a 

compliance committee composed of 15 experts has been set up. 

12. Public Awareness, Education and Participation: Article 23 of the Protocol requires Parties, on 

their own and in cooperation with other States and international bodies, to promote and facilitate public 

awareness, education and public participation, including access to information, regarding the safe transfer, 

handling and use of living modified organisms (LMOs). It also requires Parties to consult the public in the 

decision-making process, to make public the final decision taken and to inform public about the means of 

access to the Bio-safety Clearing-House. Public awareness, education and participation are fundamental 

elements for the effective implementation of the Protocol. It is important for the public to know and 

understand the issues and processes related to LMOs and to have access to relevant information in order 

to make informed choices and actions, and to be able to participate effectively in the decision-making 

processes. 

Meetings of the COP-MOP 
COP- MOP acts as governing body. The Conference of the Parties serving as the meeting of the Parties to 

the Protocol (COP-MOP) currently meets every two years in conjunction with the regular meetings of the 

Conference of the Parties (COP) to the Convention on Biological Diversity. To date, the COP-MOP has held 

eight meetings. President of COP-MOP is Mr. Rafael Pacchiano from Mexico. 

Need of Protocol 
This protocol is required for following reasons: 

1. Rapid development and commercialization of biotechnology and its products, including LMOs. 

2. Recognition of potential contribution that biotechnology can make to improving human well-being. 
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Introduction 
Several factors contribute to the poor performance of agriculture in many developing nations. Women don't 

have access to the tools and chances they need to use their time most effectively, which is one of these 

barriers. Women are labourers, farmers, and business owners, but nearly everywhere they encounter more 

severe barriers to accessing markets, services, and other productive resources than males do. Their 

productivity is hampered by this "gender gap," which also lessens their contributions to the agricultural 

industry and the accomplishment of more general goals for economic and social growth. By boosting 

agricultural productivity, lowering poverty and hunger, and fostering economic development, closing the 

gender gap in agriculture will benefit society significantly. 

Although they are citizens with an equal right to the protections, opportunities, and services given by their 

governments and the international community, women might be considered "productive resources" just like 

men. The attainment of the MDG targets for eliminating extreme poverty and hunger is correlated with 

gender equality, which is an MDG in and of itself. It is the responsibility of agricultural policy-makers and 

development experts to guarantee that women may fully participate in and gain from the process of 

agricultural development. Promoting gender equality in agriculture can also aid in reducing hunger and 

extreme poverty. Agriculture and agricultural growth might benefit from gender equality. 

The duties and status of women in rural and agricultural settings vary greatly by region, age, ethnicity, 

and social class, and in some regions of the world, these roles and statuses are changing quickly. To make 

decisions regarding the sector that is gender-conscious, policymakers, donors, and development 

practitioners require information and analysis that reflects the range of the contributions made by women 

and the unique problems they face. 

Work Participation Scenario 
The largest employer of women in India, agriculture is one of the largest contributors to the country's Gross 

Domestic Product (GDP) and a key factor in its economic development. Although their continuous 

contribution to agriculture is generally recognized and noted, women are frequently given too little credit. 

Women make up over 75% of the full-time employees on Indian farms. 

Up to 84% of women in rural India rely on agriculture as their primary source of income. Over 70% of 

women work in the livestock industry in India, which has one of the largest livestock production systems 

in the world. The percentage of women working in agricultural fields is approximately 47% in the tea 

industry, 47% in cotton farming, 45% in the production of oil seeds, and 39% in vegetable farming. 

Challenges Faced by Women in Agriculture 
1. Lack of deserved ownership: Women own about 1% of the land and produce 80% of the crops. They 

are permitted to stay on the infertile portion of the farm, which demonstrates the absence of ownership 

security. Giving women equal access to agricultural resources as males could potentially boost overall 

production in developing nations. 

2. Lack of financial support: In terms of obtaining credit, women frequently encounter more difficulties. 

Without aid and support, individuals find it impossible to acquire desperately needed funding because they 

typically lack the knowledge on how exactly to borrow money from a bank. Less than 10% of the loans given 

to small-scale farmers go to women, and they only receive 7% of the agricultural extension services. 

Increased productivity will result from investing in and empowering women, especially those in rural 

regions, which will also lower hunger and malnutrition. 
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3. Limited awareness of advancing technology: As the group in society with the lowest level of 

education, women are deprived of the knowledge of new technologies that could make their labour on the 

farm easier. It might help the women in their careers if this myth is dispelled and appropriate education 

is given. 

4. Fewer market opportunities: Women farmers' access to market prospects are limited by a lack of 

market research and information. Women are limited to shopping at local markets, where costs are 

typically cheaper than at marketplaces in cities. 

5. Lack of infrastructure: Women farmers would be more mobile if they had access to transportation and 

logistics, and they could sell more of their harvest on schedule. 

6. Discrimination at Workplace: However, there is still overt prejudice against Indian women in the 

workplace. There is an average income gap between men and women in all agricultural occupations, with 

women making only 70% of what men do. At many companies, chauvinism is still on the rise, along with 

harassment that endangers people's livelihoods. 

Conclusion 
Only one out of every four workers in India are women, making up the majority of the labour force. Today, 

women have an important part in agriculture as female agricultural workers, female farmers, female co-

farmers, female family caregivers, and (with male out-migration, widowhood, etc.)  managers of farms and 

farm entrepreneurs. Agriculture employs three-quarters of all women. 87% of rural women workers are 

employed in agriculture as labourers and cultivators, and as more women enter the workforce in 

industrialized and emerging nations, the issue of gender disparities in wages and employment possibilities 

has come into sharp relief. In India, women face discrimination and disadvantages in several areas of 

employment, including job diversity, job quality, and pay wages, particularly in the rural sector. 
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Introduction 
The emerging technologies of the Fourth Industrial Revolution are transforming various industries, 

including agriculture. Unaware, young male and female farmers leave the agriculture profession as they 

perform unsustainable practices. Precision agriculture using the Internet of Things (IoT) is a solution to 

sustainable agriculture. Extension professionals are at the heart of disseminating agricultural advisory 

agricultural services in India. The discourse on the IoT is entering the space of extension advisory services 

(EASs) and social sciences. Thus, addressing the application of IoT in Indian agriculture is necessary.  

According to the UN, the world's population will reach 9.7 billion by 2050, which will cause global 

agricultural production to rise 69% between 2010 and 2050. Such demand needs attention from the 

fraternity, and hence farmers and agricultural companies are turning to IoT for analytics and greater 

production capabilities. 

The Internet of Things, or IoT, refers to devices or ‘things’ embedded with sensors so they can measure and 

transmit data via a network. When it comes to IoT in agriculture, a ‘thing’ could be a tractor, shed, weather 

station or sheep. It could even be a person. 

IoT devices connect and interact with each other and the internet, which means they can work together to 

send alerts or automate other ‘things’ such as sprinklers in an orchard. 

The data IoT devices generate is often sent to what is known as an interface or dashboard. This is where 

farmers access the information they need, often in real-time, to make more informed decisions. For 

example, the wind speed in a particular paddock or how much water is in a trough can be found out just by 

opening an app on a phone, saving time and providing peace of mind. 

Application Areas/Use Cases for IoT in Agriculture 
1. Agricultural sensors - Farmers today are using sensors, smartphones, and drones to have a detailed 

analysis of both the topography and resources in the desired area. Smart farming sensors located across 

the field collect data around various environmental parameters and send it to the cloud. This provides fine 

details of soil quality, temperature, and other variables. 

2. Farming drones - Drones can assist farmers with crop surveying, soil and land analysis, livestock 

tracking, and monitoring. Farmers can also use pesticides for crops accordingly and in the desired manner 

and quantity. 

3. Smart Greenhouses - They can automatically adjust various parameters such as temperature, humidity, 

irrigation, or lighting. This can be done remotely using IoT and connected devices, which aids in a hassle-

free, predator-safe, efficient crop conducive environment. 

4. Monitoring climate conditions - This allows easier climate predictions and weather patterns. With 

smartphones, farmers can conveniently monitor crops, yield, livestock, and even equipment. Finer details 

around livestock health, feeding, and produce can also be drawn through smart analysis using big data. 

Becoming climate-proof is another important aspect that modern agriculturists are looking forward to. 

With the climatic conditions getting haywire and the increasing population, it is important to adopt vertical 

farming techniques. This can be achieved even with space constraints in controlled environments powered 

by data provided by smart IoT sensors. 

5. Crop management - Crop rotation, management, and monitoring can be made easier with insights 

provided by data around crop growth, anomalies, crop health, precipitation levels, humidity, and climatic 
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conditions. Crop management devices can change the game for farmers and make their decision-making 

more aligned with profitability. 

6. Water management - Using too much or too little irrigation may prove to be hazardous to crops. This 

makes appropriate watering or, to say, water management critical. IoT-connected sensors can help in 

deciding the need based on the land moisture content, crop requirement, and climate conditions. Farmers 

can use this data to act accordingly then. 

7. Cattle monitoring and management - IoT agriculture sensors can be attached to the farm animals to get 

details about their health, temperature, grazing pattern, activity, and nutritional levels.  

Before purchasing IoT devices for farm business, the points to consider: 

a. The type of connectivity needed for devices to ‘talk’ to each other and connect to the internet. The 

topography and location of your farm might determine what options are available to you. 

b. How you want to access your data and what decisions it will allow you to make. 

c. After sales service, subscription costs and who and how long it will take to install your devices. 

The future of agriculture would be mostly dependent on data collection and analysis along with customized 

smart solutions. There are endless possibilities for IoT in agriculture; however, it is very important for one 

to assess needs and requirements first. Before rushing into adopting these smart farming techniques, one 

shall note all the hardware requirements, maintenance costs, right data analytic tools, and infrastructure. 
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Introduction 
Bacteria have evolved a remarkable number of pathways for the transport of several substrates across the 

cell envelope. These systems are multi-protein complexes forming small machines that allow regulated 

exchanges with the extracellular environment. The secreted substrates fulfil numerous functions in 

processes such as acquisition of nutrients, motility and intercellular communication. Pathogenic bacteria 

use these systems to secrete many harmful toxins, adhesions, degradative enzymes and other translocated 

effectors to help during the colonization of host organisms. The secretion systems used by bacteria are 

essential for their virulence. These are grouped into different classes according to their mechanism, 

composition and evolutionary relationship. In Gram-negative bacteria, there are six general classes of 

protein secretion systems and each shows considerable diversity. Gram-positive bacteria possess some of 

the same secretion systems as Gram-negative bacteria and display one system specific to that group, i.e., 

the Type VII system. 

Secretion Across the Inner Membrane 
The inner membrane is the first barrier any protein will reach when attempting to escape a bacterial cell, 

regardless of whether the bacterium is Gram-positive or Gram-negative. The transport of proteins across 

the inner membrane is mediated by three primary systems: 

1. GSP (General Secretariat) system 

2. SRP (Signal Recognition Particle)  

3. Twin-arginine translocation (tat) routes. 

The sec pathway is created by the interaction of numerous proteins that are conserved in both prokaryotes 

and eukaryotes and is involved in transport through the rough endoplasmic reticulum membrane. A few of 

these proteins are also found in the SRP system. 

Secretion Across the Outer Membrane 
Gram-negative bacteria exclusively secrete over their outer membrane. Gram-negative bacteria have 

evolved a set of mechanisms that allow them to export proteins in one of two ways: 

1. In a two-step procedure, use one of the previously outlined mechanisms to export the protein over the 

inner membrane. 

2. As a one-step process in which the protein is exported from the cytosol to the exterior of the cell without 

any intermediary stages. 

Types of Bacterial Secretion Systems 
TYPE I Secretion System (T1SS): T1SSs has been found majorly in large number of Gram-negative 

bacteria. A translocator composed of three proteins that traverse the cell membrane carries out T1 

secretion. Outer Membrane Protein (OMP) is one of these proteins, while the other two are cytoplasmic 

membrane proteins, ATP Binding Cassette (ABC) and Membrane Fusion Protein (MFP) (MFP). The ABC 

protein is made up of two domains: a cytoplasmic nucleotide-binding domain and a transmembrane domain. 

ABC proteins work as homodimers or trimers to form a functional pore through which released proteins 

can pass. T1SS is sec-independent and operates outside of the periplasm. A C-terminal un-cleaved secretion 
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signal allows for the release of proteins of various sizes and activities via this route. This C-terminal 

secretion signal identifies the ABC proteins specifically, increasing the effectiveness of the functional trans-

envelope complex.  

TYPE II Secretion System (T2SS): General Secretory (sec) system that exports numerous proteins 

across the cytoplasmic membrane is present in all organisms. Twin-arginine targeted translocases (tat) are 

common in nature and export a modest number of proteins through the cytoplasmic membrane. The MTB 

system, which is responsible for conveying numerous sec and tat translocated proteins through the outer 

membrane of Gram-negative bacteria, is unique to this organism. ATP or GTP can be used to accelerate 

the export of unfolded or partly folded proteins via the sec and MTB systems, whereas tat translocases use 

the Proton Motive Force (PMF) to produce fully folded redox enzymes. Some protein substrates of the sec 

system use protein specific mechanisms to migrate from the periplasm to the external environment, 

whereas outer membrane proteins are introduced into this structure via a separate protein complex. The 

Sec system is made up of numerous protein subunits. This system generates massive complexes that 

interact with completely folded substrate proteins that include twin-arginine leader motifs at their N-

termini. A secretion an outer membrane pore forming protein, which is identical to the equivalent member 

of the T3SS, is found in main terminal branch complexes. Secretions have the form of a dodecameric ring 

with big central gated pores. 

TYPE III Secretion System (T3SS): T3SSs are possibly the most complex among all the secretion 

systems of bacteria. This system allows secretion of cytoplasmically synthesized proteins across both 

membranes of the cell envelope. This is one-step process that utilizes a needle like appendage with a tip on 

the end, which allows a hole to be made in the cell membrane for the secreted proteins to be translocated 

into it. The T3SS is found in Gram-negative bacteria that interacts with both plant and animal hosts, either 

as pathogens or mutualists. The machinery of the T3SS is termed as injectisome, which appears to have a 

common evolutionary origin with the flagellum. The important function of the injectisome is to deliver 

effector proteins across the bacterial and host membranes into the cytosol of the host cells, where they may 

modulate functions of a large variety of host cell, including immune and defence responses. Many of these 

proteins are homologous to those involved in exporting bacterial flagella protein (Fla) and flagella export 

systems are capable of exporting virulence factor.  

TYPE IV Secretion System (T4SS): T4SSs are unusual among the systems in that they can translocate 

proteins in both one and two steps. T4SSs are not only responsible for protein transport but also for DNA 

transport. T4SSs are best known in Agrobacterium tumefaciens, which uses a T4SS to export transfer-

DNA (t-DNA) into dicotyledonous plants, where the single stranded DNA transmitted includes oncogenes, 

resulting in tumour growth in the plant. These systems can carry DNA protein complexes into other 

bacteria, yeast, and plants. 

TYPE V Secretion System (T5SS): T5SSs can be grouped into three major categories. These are- 

a. Type Va- the autotransporters (AT),  

b. Type Vb- the two-partner system (TPS) and  

c. Type Vc- the Oligomeric coiled-coil adhesions (Oca) family (also known as the AT-2 system).  

The existence of an N-terminal GSP signal sequence for transport across the inner membrane, the creation 

of periplasmic intermediates, and the construction of a - barrel hole in the outer membrane to allow 

secretion into the external environment are all shared by all three subsystems. However, discrepancies 

across the three T5SS subsystems produce a series of barriers to protein export. The separation of the pore 

and the exported protein in TPS systems means that they are spatially separated. It is vital to have some 

form of signal recognition event between the two in order to route the protein to its pore. For the proteins, 

in order to associate the secreted protein contains what is termed a TPS domain in its N-terminal region, 

which interacts specifically with the pore forming protein to initiate translocation through the outer 

membrane. Oca systems also require regions within the protein to allow for the assembly of the monomers 

into the trimer necessary for the formation of a complete pore in the outer membrane. 

TYPE VI Secretion System (T6SS): The T6SS is a newly discovered secretion system that seems to be a 

phage-tail-spike-like injectisome capable of introducing effector proteins directly into the cytoplasm of host 

cells, similar to the T3SS and T4SS machineries. The T6SS machinery was discovered in Gram-negative 

bacteria as a conserved family of pathogenicity islands, and it was later recognised as encoding secretory 
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machinery in 2006. T6SS genes can be found in more than a quarter of sequenced bacterial genomes, 

predominantly in proteobacteria and a few in planctomycetes and acidobacteria. The T6SS is necessary for 

pathogen pathogenicity in humans and animals. Some machinery components may also operate as effectors 

when translocated into host cells. 

TYPE VII Secretion System (T7SS): Gram-positive bacteria have only a single membrane. However, 

some species, most notably the mycobacteria have a cell wall that is heavily modified by lipids, called a 

myco-membrane. As a result, the genomes of these species encode a family of specialized secretion systems 

collectively called type VII secretion system (T7SS). 

Conclusion 
Bacterial secretion systems serve a wide variety of functions. From general cellular processes to specialized 

pathogenic functions, these secretion systems are critical for pathogenic regulation and adaptation. Despite 

system conservation and structural similarities, these systems have slight variations in composition and 

regulation that result in unique signaling mechanisms, adding specificity to function. Each system is one 

component of a network of secretion systems that are intertwined and interdependent. The complexity of 

each system adds to bacterial adaptation and pathogenesis. Ultimately, secretion systems provide the 

bacteria with several inputs of environmental context, ensuring that environmental signals are integrated 

into the global network for adaptation, enhancing survival and pathogenesis. 
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Soil is the absolute foundation of life on land, on our planet. Government officials and legislators need to 

act quickly to stop the degradation of soil ecosystems and to jump-start their restoration because more than 

half of the world's agricultural soil is already severely degraded. However, despite being the third-largest 

carbon sink and the essential foundation of the global food systems, soil has never been given official 

recognition at COP. An urgent Soil Health Resolution has been drafted in response by the Coalition of 

Action for Soil Health, CA4SH, a multi-stakeholder forum established at the UN Food Systems Summit in 

2021, for nations to formally adopt and release during COP27.  

For the full merits of soil health to be realized co-signing such a proclamation with government leadership 

and multi-stakeholder partnerships is essential and they proposed the resolution. The Resolution outlines 

the dedication to increasing soil carbon sequestration as a means of mitigating climate change based on 

natural solutions that are advantageous for both biodiversity and food security worldwide. The Resolution 

also includes actions and commitments for governments to adopt soil carbon sequestration practices to aid 

in the formal negotiations that will take place at the COP. 

The desired outcome of the negotiations will result in scaling nature-based solutions in agriculture. Some 

examples include developing a reward system for soil carbon storage for farmers and corporations and 

developing a publicly-available soil information system on all relevant soil health variables. Any sort of 

interventions in the area of soil health would work only on policy interventions. (Figure 1). 

 
Figure 1: Soil Health Management 

Such interventions would be possible only through Climate Change Action Plans, Conference of Parties, 

Agreements, Agendas etc. These binding consensuses translate into policies which would enable each 

nation to conserve her natural resources to reduce environmental and anthropogenic externalities. 

Focussing on the four pillars of Low Carbon Development Pathways laid by India in COP-27 (Figure 2), 

India has presented 7 key areas, of which sixth element is Enhancement of Forest and Vegetative Cover. 

This opens the potential for soil health management. 
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Strategy Key elements 

LCD of electricity system • R&D into green hydrogen, fuel cells, biofuels etc 

• Rational utilisation of fossil fuel resources 

Develop an Integrated Transport 

System  

• Improved fuel efficiency through fleet modernization 

• Electrification across multiple modes 

Energy & Material-Efficiency & 

Sustainable Urbanisation 

• Climate-responsive and resilient building design 

• Low-carbon municipal service delivery 

Decoupling of Growth from 

Emission 

• Enhance material efficiency and low carbon options in 

hard to abate sectors 

CO2 removal and related 

engineering solutions 

• Explore public-private partnership frameworks 

Enhancement of Forest and 

Vegetative Cover 

Restoration, Conservation and Management of Trees Outside 

Forests, Green Cover 

Finance of LCD • 6-8 trillion USD will be required for India 

• Private finance through equity investments, bonds and 

FDI 

Figure 2:  Seven Low Carbon Development Pathways by India 

Albeit COP-27 as such didn’t make sufficient efforts for incorporating soil health, India through her Low 

Carbon Development Pathways has wide opened the rhetoric on soil health. More Debates on soil health 

management should be the prerogative of COP agendas, as there is no health without soil health. 
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Introduction 

Sessile plants have the chance to colonize new areas because seeds allow plants to survive in harsh 

environmental conditions and transmit genetic information from parents to the next generation. However, 

due to seed ageing from long-term storage, seed viability declines. Understanding the causes of decreases 

in seed viability—including not only where the ageing process in seeds begins but also the order in which 

this process unfolds—is essential for the efficient conservation of gene resources, such as those found in 

gene banks. In comparison to other organelles, mitochondria are more quickly and severely exposed to 

oxidative damage because they are the primary producer of reactive oxygen species (ROS). Since the 

antioxidant systems of mitochondrial organelles are less active than those of other organelles, these 

mitochondrial "defects" can have a significant impact on a variety of cell functions, including seed ageing. 

Mitochondrial Activity in Ageing Seeds 

Mitochondria are the most important source of energy for cell growth and metabolism. In addition, 

mitochondria are the major sites for the production of reactive oxygen species (mtROS) and thus, are 

involved in the maintenance of ROS homeostasis. ROS such as superoxide, hydrogen peroxide and hydroxyl 

radicals which oxidize cellular constituents, compromise organellar membrane integrity and the main cell 

components. 

Production of ROS in Mitochondria 

1. ROS production through electron transport chain (ETC): Free radicals are produced mainly in 

the electron transport chain. Due to the variation in the rate of movement of electron through the protein 

complexes, there will be a leakage of electrons which will be accepted by the oxygen molecules and gets 

reduces to superoxide radical (O2•-). 

The main mtROS production sites are complex I and complex II of the mitochondrial electron transport 

chain (ETC). ETC-mediated ROS generation is primarily due to the presence of ubisemiquinone radicals, 

which can transfer a single electron to oxygen, giving rise to the production of superoxides (Ratajczak et 

al., 2019). 

2. ROS production by proteins: Protein, which is able to transfer electrons to the coenzyme Q pool as 

well as to contribute to ROS formation, is the mitochondrial glycerophosphate dehydrogenase. It is located 

in the inner membrane facing the intermembrane space. Multi subunit pyruvate dehydrogenase complex 

and a structurally similar membrane-bound enzyme complex of α-ketoglutarate dehydrogenase (α- KGDH) 

which has been proposed as a source of superoxide and hydrogen peroxide under low availability of NAD+, 

the natural electron acceptor of α-KGDH. Many of the aforementioned proteins contain flavin in their active 

site, which is directly interacting with electrons and plays a possible role in electron leakage. (Holzerová et 

al., 2015). Aconitase, an enzyme in the mitochondrial matrix, is able to transform hydrogen peroxide into 

hydroxyl radicals during a fenton reaction in the presence of iron and sulfur. 

Additionally, Mitochondria are a source of reactive nitrogen species derived from nitric oxide (NO). Nitric 

oxide is generated enzymatically by a family of Nitric oxide synthases (NOS). These enzymes synthesize 

NO using L-arginine as a substrate and NADPH as an electron source in the presence of Ca2+ Ions and 

reduced thiols. Mitochondrial electron transport can also produce NO (Gupta et al., 2016). 

Higher levels of NO are associated with the nitrosation of oxygen-, nitrogen-, or sulfur-containing amino 

acid side chains, resulting in functional changes. O2− can dismute to produce hydrogen peroxide (H2O2) 

and may react with other radicals, including NO. The product of this reaction, peroxynitrite (ONOO−), is 

also a very powerful oxidant this leads to oxidation and protein nitration (NO• + O2•− → ONOO−). Per-
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oxynitrite can cause depletion of SH groups and other antioxidants, oxidation of lipids, deamination of DNA 

bases, nitration of aromatic amino acid residues in proteins and oxidation of methionine to its sulfoxide. A 

major protein target for nitrosation in mitochondria is respiratory Complex I (Kowaltowski et al., 2009). 

Oxidative Damage in Ageing Seed Mitochondria 

The accumulation of ROS causes oxidative damage and dysfunction and membrane system disorders, as 

well as the oxidative damage of mitochondrial proteins, DNA and lipids. 

Oxidative Damage to Proteins 

Oxidative damage of mitochondrial proteins includes damage to subunits of the pyruvate decarboxylase 

complex, subunits of ATP synthase and enzymes of the tricarboxylic acid (TCA) cycle. ROS cause direct 

oxidation of amino acids, oxidation of Cys residues, which form disulphide bonds, oxidation of Met residues, 

which forms Met sulphoxide, and oxidation of arginine, lysine, proline, histidine, serine and threonine 

residues, which creates carbonyl groups in side chains. The activity of mitochondrial proteins is regulated 

at the post-translational level, among others, e.g., S-nitrosylation (The process of addition of nitric oxide 

group to an organic molecule, which makes it inactive). 

DNA Damage 

The most recognized source of mtDNA mutagenesis is ROS that are produced by the ETC. In addition, 

H2O2-induced strand breaks at basic sites in mtDNA. The DNA nucleotide damage by ROS caused by the 

oxidation of sugar residues and strand rupture as both deoxyriboses and nucleobases are susceptible to 

ROS oxidative damage. The most aggressive ROS that causes DNA fragmentation is OH-. The ROS disrupt 

deoxyribose in DNA molecules mainly by releasing a hydrogen atom. Degradation via oxidation cleaves 

carbohydrate–phosphate structures, causing single and double-strand breaks, the chemical modification of 

bases and the cross-linking of carbonyl and amine groups. ROS induces approximately 20 different types 

of DNA nucleotide damage, the most common of which is the modification of guanine(G), resulting in the 

formation of 8-oxoguanine (8oxoG), which is considered a biomarker of oxidative stress. The presence of 

this base in DNA contributes to transversion mutations (GC→TA). 

Changes in Lipids 

Lipid peroxidation in the mitochondrial membranes refers to the free radical peroxidation of the 

polyunsaturated fatty acids of membrane lipids. Malondialdehyde (MDA) and 4-hydroxy-2- nonenal (HNE) 

are products of lipid peroxidation and can interact with cells to reduce or even eliminate their functions. 

MDA can react with DNA bases, resulting in gene mutations, and HNE reacts mostly with proteins, leading 

to functional alterations. Increases in mitochondrial MDA and H2O2 contents in moist tissues damage the 

mitochondrial membrane structure and its function. 

The Antioxidative System in Ageing Seed Mitochondria 

The balance between ROS generation and detoxification by antioxidants modulates the redox reactions in 

plant cells. Respiration and various other metabolic processes, including responses to oxidative stress, are 

co-controlled by the cellular redox state. The plant mitochondrial matrix contains ROS scavenging systems, 

including enzymatic and non-enzymatic antioxidative systems, such as the manganese-superoxide 

dismutase (Mn-SOD) and ascorbate-glutathione (ASA-GSH) cycles, catalase (CAT) and peroxiredoxin 

(including peroxiredoxin IIF). During the ageing of seeds, a decrease in the mitochondrial ASA-GSH cycle 

results in less reduced/oxidized forms of ASA and GSH, which might lead to ROS accumulation, affecting 

mitochondrial dysfunction. There was a observed decrease in activities of ROS scavenging enzymes such 

as mitochondrial SOD, APX, MDHAR, DHAR, and GR in artificially aged seeds (Xin et al., 2014). 

The changes in the structure of mitochondria caused by ROS generation and mitochondrial dysfunctions 

trigger different responses that regulate mitochondrial and nuclear gene expression, which are pivotal to 

seed ageing. 

Conclusion 

Mitochondria is an important cellular organelle; its main purpose is to generate energy in the form of ATP 

during the process of cellular respiration. Seed ageing increases the level of ROS in mitochondria and the 
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increased level of ROS causes organellar dysfunctions. This contributes to increases in the level of oxidative 

damage to the main cellular components, decreases in enzyme activities due to the oxidation of the 

functional groups, and increases in membrane lipid peroxidation. Respiratory machinery, which is based 

on redox chemistry reacts sensitively to changing conditions. These oxidative damages cause structural 

changes and dysfunction of mitochondria Understanding the mechanism of seed ageing will lead to a new 

method for seed conservation and longevity. 
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Introduction 

Due to the tremendous pressure of population growth in India, per capita land resources (0.121 ha) are 

declining, therefore, it is very imperative to ensure the higher production and productivity per unit area. 

Vegetable crops are more productive than other crops, which have potential of providing more food per unit 

time and land area. Vegetables provide all the nutrients ingredients viz., vitamins, minerals, protein and 

nutraceutical properties that are essential for balanced diet which makes vegetables protective food. 

Although, India is the second largest producer of vegetables after China in the world with a production of 

193.6 million tonnes from 10.7 million hectares area (NHB, 2021). As compared to developed countries 

India is still far behind in average productivity. The foremost reason for this is the limited availability of 

quality seeds of released varieties and hybrids for large-scale production and secondly high cost of hybrid 

seed of high value vegetables. The seed production cost of high value vegetables crops could be minimized 

by growing them in the protected structures and enabling to harvest higher seed yield with better quality 

as compared to open filed condition. 

Hybrid Seed Production of Vegetables Under Protected Conditions 

The foremost reason for the decreased productivity of vegetable crops is limited availability of quality seeds 

of released varieties and hybrids for large-scale production and secondly high cost of hybrid seed of high 

value vegetables like tomato, cherry tomato, sweet pepper, chilli and parthenocarpic cucumber or 

muskmelon. The high cost of seed is mainly due to low seed yield under open field condition. The biotic 

(viral diseases in tomato, chilli and cucurbits) and abiotic (environmental factors viz., high and low 

temperature, frost stresses etc.) factors have become a major hurdle in quality seed production in open field 

conditions affecting growth, flowering, fruit set and seed set and development. Growing of vegetables under 

protected cultivation has got a boost and around 2.0 lakh hectare area is under protected cultivation in 

India which is largely occupied by vegetable crops followed by flower crops. Among the other challenges in 

organization of quality hybrid seed production in open is management of isolation distance and lack of 

trained manpower. The insects damage can be restricted by growing in protected structures; therefore, use 

of pesticides could be reduced to large extent. India is also the second largest producer of hand pollinated 

hybrid seeds of vegetable crops among the Asian countries, after China. The higher cost of the hybrid seed 

is prohibiting in the popularization of hybrids among the small farmers. The seed production cost of high 

value vegetables crops could be minimized by growing them in the protected structures and enabling to 

harvest higher seed yield with better quality as compared to open filed condition (Tomar and Jat, 2015). 

The seed production in summer under open field are affected by sudden rise in temperature under north 

Indian condition and in rainy season the severe infestation of viruses and other insect pests are the major 

concern. Therefore, insect proof net house is suitable for hybrid seed production of tomato, sweet pepper, 

chilli, okra, brinjal and cucurbits as compared to open field condition (Jat et al., 2016). Semi-climate 

controlled green house is suitable for hybrid seed production of indeterminate type varieties and hybrids 

of tomato, cherry tomato, sweet pepper (re yellow), bitter gourd and parthenocarpic cucumber varieties. 

Seed yield in these crops can be 3- 4 times more compared to their open field cultivation (Kaddi, 2014). 

Similarly, naturally ventilated green house is also suitable for hybrid seed production, where the seed yield 

is usually 2-3 times more over open field, but the cost of seed production is only 1/3 of the seed produced 

under semi-climate-controlled greenhouse condition (Singh and Tomar, 2015). Although, very limited work 

has been done throughout the world for comparing the seed yield and quality of the seeds of various 

vegetables grown in open field versus under protected conditions. The research work has been carried out 
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on this aspect clearly reflects that there is a definite gap in the seed yield and seed quality grown under 

protected conditions in comparison to open fields. 

Some of the studies on effect of protected conditions on hybrid seed production of different vegetable crops 

are reviewed and presented below: 

Jat (2011) correlated the seed production of bitter gourd hybrid underneath insects proof net- house (IPN) 

with the open field environment and concluded that number of seed per fruit (46.7), number of filled seed 

per fruit (45.3), seed yield per fruit (9.41g), seed yield per plant (27.28g), and seed yield per hectare (232kg) 

were significantly superior under IPN over open field grown crop. The seed quality attributes (under IPN) 

immediately after harvest of the seeds as well as after 8 months of its ambient storage could maintain their 

superiority. This superior performance of seed yield and seed quality under IPN showed that the use of 

IPN in bitter gourd hybrid seed production could be quite effective in reducing the incidence of virus and 

other pests like whiteflies, leaf miners etc. 

Flemine (2010) studied the seed production of pumpkin hybrid underneath insects proof net house with the 

open field environment and observed lower number of days for opening of first female and male flower, 

higher number of flowers in both male and female parents, higher number of fruit set per plant, higher 

number of mature fruits per plant under insect-proof net house compare to open field conditions. 

Patta et al., (2016) observed the efficiency of protected cultivation of poly-house in correlation to open field 

environment in increasing the seed productivity of tomato hybrid under circumstances of cold and chilling 

stress. They noticed that temperature and humidity play a critical role and a more even seed setting was 

observed when the optimum temperature was 20°C and RH above 50%. No seed settings were noticed under 

an open environment when the least temperatures are low than the 10°C and RH is less than 50%. 

However, the seed produced from protected conditions showing a high quality of seed with greater 

germination (91%) and seed vigour index (1529 and 1701). The maximum per cent of fresh and un-

germinated seeds (7.00) was observed in the protected environment from prior crossings. 

The reduction in pollen viability was more pronounced in open field conditions as compared to insect proof 

net house conditions in hybrid seed production experiments in bitter gourd (Joshi et al., 2013). 

The present review on vegetable hybrid seed production (both in open field and under protected conditions) 

has clearly revealed that seed yield and quality is always better when seed production is undertaken in 

protected conditions and the above studies has clearly demonstrated the advantages of hybrid seed 

production of vegetables under protected conditions which are summarized below. 

Major Advantages of Vegetables Seed Production Under Protected Conditions 

1. Higher seed yield (generally 2-4 times more) as compared to open field. 

2. Seed quality is high as compared to open field. 

3. Isolation distance could be managed in cross pollinated vegetables. 

4. Achieving the synchronization of flowering in parental lines/staggered planting. 

5. Optimum population could be maintained along with appropriate ratio of male and female parents for 

higher hybrid seed yield. 

6. Under adverse climatic conditions seed production is possible which is not possible in open field 

conditions. 

7. Growing of virus free seed crop is possible, which is very difficult under open field conditions. 

8. Easily management of pollination under protected cultivation. 

9. Off type plants, objectionable weeds or plants affected by designated diseases can not pose any problem 

in the seed crops raised under protected conditions. 

10. Protected conditions provide the opportunity of organic seed production. 

11. Efficient use of water and nutrition is possible for seed production under protected conditions. 

12. Complete protection of the crop from rodents and birds compared to open field seed crops. 

13. Seed production during off seasons also possible. 

14. Virus free healthy seedling production. 

15. Quality seed production of vegetables could be under taken by agri-entrepreneurs; 

16. Seed production cost of vegetables could be reduced under protected conditions. 
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Opportunities 

Protected cultivation provides the required environment to overcome the biotic and abiotic stress and 

enhance yield as well as the quality of seeds. Protected cultivation offers very congenial environment for 

producing healthy, virus free, and genetically pure hybrid seed with higher seed yield per unit area. 

Enterprise establishment in the form of vegetable hybrid seed production under protected conditions can 

be the future of the country because biotic factors are breaking the genetic resistance of the 

genotypes/varieties/hybrids which will certainly increase the cost of seed. But for getting high success rate 

of the technology, an effective management and maintenance of the protected structures is very much 

needed and it is also an effective approach for showing versatile potential of protected cultivation 

technology for hybrid seed production in vegetables. 

Constraints 

In India the poly-house culture is in infant stage and has not become popular as yet. High cost and non-

availability of various components are the two major limiting factors in the adoption of seed production 

technology under protected structures for commercial cultivation. Many of the poly- house components like 

fibre glass, cooling pads, fans, etc., have to be imported at high costs including freight and custom duty. 

Greenhouse and other structures designs for different agroclimatic region is not standardized. Lack of 

awareness among farmers pertaining to potentials of protected seed production and lack of major research 

programme on protected seed production are other limiting factors. 

Conclusion 

The lack of sufficient isolation, insect pests, disease and a required virus free environment in the production 

of disease free, healthy and genetically pure seed for commercial cultivation are the major challenges in 

quality hybrid seed production of vegetable. Raising seed crop in protected conditions can overcome these 

problems by protecting the crop from various insect pests and unfavourable climatic conditions. It also 

provides an option for quality and off season seed production and compared to open field condition, 

protected cultivation can fetches higher seed yield with better quality. 
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Introduction 

Seed invigoration or seed enhancements are post-harvest treatments to improve germination and seedling 

growth or to facilitate the delivery of seeds and other materials required at the time of sowing. In that Seed 

priming is a pre-sowing treatment of seed for uniform and rapid germination with a reduction in 

germination time. It is applied in annual as well as perennial crops. In the last 25 years, seed priming is 

commonly applied in different vegetable and flower species to increase the rate and uniformity of seedlings. 

Seed treatment also removes or decreases the level of dormancy in dormant seeds. Among the different 

seed invigoration techniques, seed priming is commonly used as dormancy-breaking treatments. 

Seed Dormancy 

Seed is said to be dormant when it is not germinating even though it has the capacity to germinate under 

favourable environmental conditions (moisture, temperature, light). Seed dormancy should be 

differentiated from quiescence which is the condition of a seed in which seed does not germinate due to 

unfavourable environmental conditions affecting seed metabolic activities and resulting in the temporary 

suspension of growth. Seed dormancy is induced in the seed in the seed development and maturation phase. 

The environmental conditions (temperature, light, and soil nitrate) faced by the mother plant during the 

seed maturation stage influence the severity of dormancy. The level of seed dormancy is higher in freshly 

harvested seeds and is reduced after a period of dry storage (after-ripening) (Hussain et al., 2019). 

Effect of Seed Priming on Breaking Seed Dormancy 

Seed priming effects are directly interrelated to repairing as well as building up nucleic acids, enhancing 

protein synthesis, and membrane repairing. Treated seeds increase the antioxidant enzymes’ activities as 

compared to untreated seeds. Seed priming also plays a significant role in the improvement of seed 

germination as well as the uniformity of heterogeneously matured seed lots. Priming comprises different 

categories such as solid matrix priming, hydropriming, and osmopriming for breakage of seed dormancy 

and to enhance seed vigour in many horticultural as well as agronomic crops. Recently, numerous 

researchers recommended that seed priming be considered a helpful strategy for good germination and 

healthier seedling growth resulting in higher yields. 

Hydropriming Effects on Seed Dormancy and Vigor 

Hydropriming is more useful for the breakage of seed dormancy, improvement of seed germination, and 

seedlings’ emergence which ultimately results in higher yield. The beneficial impacts of seed priming have 

been elaborated by several researchers in numerous field crops as well as horticultural crops. Previous 

research work confirmed that hydroseed priming greatly depends on type of plant species, water 

potentiality, priming duration, seed vigour, temperature, humidity and storage conditions, and many 

others. 

Nowadays, several priming methods have been adopted and successfully used in many field crops. Among 

them, hydropriming is a very simple, easy, very low cost, less time required and environmental- friendly 

type of priming Hydropriming is found to be more helpful and efficient type of priming in decreasing the 

possibility of poor stand establishment in an extensive variation of ecological circumstances. Mahmoodi et 

al. (2011) examined the effect of hydropriming approximately for 18 h and found it to be very superior for 

the improvement of seedlings’ vigour as well as seedling emergence of maize crop. These effects of 

hydropriming enhance the capability of seedling establishment as well as field performance of many cereal 

crops all over the world. 
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Osmopriming Effects on Seed Dormancy and Vigor 

Osmopriming is famous as one of the most special types of seed priming which can be used to improve the 

growth and yield of horticultural and field crops. In osmopriming, seeds were soaked in aerated little water 

prospective solutions which enhance pre-germination accomplishments to remain continue before actual 

germination. Seed priming with NaCl increases the morpho- physical, biochemical, and molecular changes 

in plants which are cultivated under high salinity stress. The seeds treated with NaCl during sowing 

showed significant positive effects on seed germination, plant growth, and the development of tomatoes. 

Tomato seeds were primed or treated with PEG-6000 and were found to have significant improvement in 

germination rates. Potassium salts were also used for seed priming and contributed in to accelerated 

germination in corn seeds. Moreover, it has been concluded that osmopriming is necessary for better seed 

germination, which resulted in good plant phenology with excellent crop yield (Khan et al., 2008). 

In thermosensitive varieties of lettuce, germination is reduced or completely inhibited at high temperature 

such as 35oC. The embryo in lettuce seed is enclosed within two to four cell layer endosperm, whose cell 

mainly comprises galactomannan polysaccharides and hence weakening of endosperm is a prerequisite to 

radicle protrusion, particularly at high temperature. Endo –β mannase is the key regulatory enzyme in 

endosperm weakening which requires ethylene for activation. But higher temperature reduces germination 

primarily through their inhibitory effect on ethylene production in seeds, which in turn reduces the activity 

of endo –β mannose. Osmopriming of seeds with PEG (-1.2 M Pa) At 15c with constant light could overcome 

the inhibitory effects of high tempereature in thermosensitive cv DBG seeds in the absence of exogenous 

ethylene supply Imbibition of seeds of DGB in 1 Aminocyclopropane-1-carboxylic acid (ACC, a precursor 

for ethylene) improved their germination at 35oC and also increases the activity of Endo –β mannase. 

Osmopriming of DGB seeds had a similar effect as imbibition in ACC, improving both germination and the 

activity of Endo –β mannase. This suggests that osmopriming is able to substitute the effect of ACC for 

breaking thermodormancy. Osmopriming helps in releasing the ethylene within the embryonic tissues 

encased by the endosperm and seed coat and this would be sufficient to allow seed germination (Varier et 

al., 2010). 

Solid Matrix Priming Effects on Seed Dormancy and Vigor 

Solid matrix seed priming has diverse applications for okra seeds. Solid matrix seed priming can be 

successfully used for acceleration of seed germination as well as acts as a delivery system for selective 

fungicides to control insects-pests and soil-borne diseases. Okra is a vegetable crop and is found to be very 

delicate under cool temperatures. This priming can be more efficiently used for priming of seeds before 

sowing which has a greater capability to enhance seed germination cultivated under cold soils. Seed 

priming might be used to provide the highest membrane reliability in the embryo and the emerging 

seedling decreasing seepage with the membranes. Conclusively, solid matrix priming can be used to attain 

improved seed germination. Numerous types of constituents can be efficiently used for solid matrix 

priming. However, optimum circumstances for moisture content and seed priming period might be 

evaluated for every matrix (Mereddy 2015). 

Evaluation results of dormancy breaking technique of upland rice seed of Pae Parigi 2 cultivar showed that 

seed bio-invigoration treatment was very effective in breaking the dormancy of tested upland rice seeds 

which has a dormancy persistence for 9 -12 weeks thought to be caused by genetic differences between 

cultivars affected by husk thickness. Seed application using KNO3 1%+matri-conditioning ground 

brick+Bacillus sp., CKD061 was able to break the dormancy of upland rice seed after 2 weeks in storage. 

This treatment also consistently improved the viability and vigor of upland rice seeds in all observed 

variables (Sutariati et al., 2017). 

The poor germination in seeds of ash gourd may be due to water-impermeable seed coat (physical 

dormancy) mainly resulting from thickening of the outer layer (testa). Such dormancy in ash gourd can be 

best overcome by seed invigoration with CaCl2 (50 mM) for 24 hours. In addition, enhancement of seed 

viability, seed quality and seedling performance over storage was also achieved. Seed treatment with CaCl2 

(50 mM) or Psuedomonas fluorescens (1x106 cfu.ml-1), for 12 hours was found to be the next best treatment 

with CaCl2 (50 mM) for 24 hours. Hence, these can also be recommended for breaking dormancy and 

maintaining high seed quality in ash gourd (Shobha., 2014). 
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Ultrasonic Priming and Sprouting 

Rapid germination and seedling emergence are critical factors for successful establishment of plants and 

crops. Dormancy breaking and germination stimulation are important for the proliferation and early 

production of plant seedlings. Ultrasonication of seeds in water or in an osmoticum improve the 

germination rate and speed and show a higher germination percentage than untreated seeds. 

Ultrasonically induced shell fragmentation, perforation and enlargement of the pore size of seeds lead to a 

higher water retention capacity in seeds and grains resulting in improved hydration. Ultrasonic endosperm 

modification, such as starch degradation by sonication, increases the rate of enzyme-catalyzed hydrolysis 

reactions within the seeds. Increased enzyme activity and hydrolysis accelerate germination and embryo 

growth as a result of the ultrasonic treatment. 

Conclusion 

Nowadays, seed dormancy and vigour are very much important in crop production. There are many types 

of dormancies, i.e., physical, morphological, morpho-physiological and physiological dormancy, which resist 

the seed for not germinating under favourable conditions. Seed dormancy occurs due to many factors like 

environmental factors and hormonal regulations. To overcome this, seed priming is done which helps the 

dormant seeds to germinate. Seed priming also plays a significant role in the improvement of seed 

germination and its vigour as well as the uniformity of heterogeneously matured seed lots. Priming 

comprises different categories such as solid matrix priming, hydropriming, and osmopriming for breakage 

of seed dormancy and to enhance seed vigour in many horticultural as well as agronomic crops. 
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Introduction 

As the global population increases, so does the demand for caloric intake provided from agricultural crops. 

Agricultural food production depends predominantly on those species which propagate through seed such 

as cereals, legumes and oil seeds. The available seed supply of agriculturally important crop varieties with 

enhanced disease resistance and improved yield is critical for improving food crop production. Traditional 

techniques used to identify favourable crop characteristics for use in plant breeding are often inadequate 

in determining specific gene- trait associations. This has resulted in a shift towards integrating approach 

with new omics technologies. OMICS technologies play an essential role for improving seed quality 

parameters. Genomics, transcriptomics, proteomics, interactomics and metabolomics have provided 

biologists with comprehensive data concerning global gene function and identification, dynamic changes 

between gene expression, protein identification, function and interaction of entire protein networks of seed 

developmental physiology and morphology are vital for transcending the gap between fundamental biology 

knowledge and application towards improved seeds which are important for establishing modern seed 

industry and plant breeding programs for increased food production. 

Omics 

Omics is a collective technology used to explore the roles, relationships and actions of the various types of 

molecules that make up the cells of an organism. 

Omics Opportunities, Applications and Research in Agriculture 

1. Herbicide and Insect Resistance. 

2. Food Safety. 

3. Edible Vaccines. 

4. Plants as Synthetic Chemists. 

5. Human Exposure Assessment. 

6. Energy sustainability. 

7. Bioeconomy. 

Importance in Seed Science and Research 

Seeds are the repository of the genetic potential of crop species and their varieties results from continuous 

improvement through plant breeding techniques are often inadequate in determining specific gene-trait 

associations that are important for seed improvement. Examining gene function and interaction of entire 

protein networks of seed, through use of omics technology viz., genomics, transcriptomics, proteomics and 

metabolomics could reveal the genes responsible for differentiation of zygote, embryo and endosperm 

development, metabolism of food reserves, seed size, seed coat and seed colour development which are vital 

for transcending the gap between fundamental biology knowledge and application towards seed 

improvement (Thomson et al., 2009, Ashok et al., 2017). 

1. Helps to know the genes responsible for differentiation of zygote 

2. Initiation for the embryo and development 

3. Development of endosperm 

4. Metabolism and Storage of food reserves 

5. Seed size, coat and color development. 
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6. Seed germination 

7. Seed dormancy 

8. Seed longevity. 

Types of Omics 

Genomics: Genomics is a comprehensive study of whole sets of genes (by sequencing) and their 

interactions. Seed genomics is the study of genomes and expression of genes that are required to make a 

seed. Determining the genomic sequence, however, is only the beginning of genomics. Once this is done, 

the genomic sequence is used to study the function of the numerous genes (functional genomics), to compare 

the genes in one organism with those of another (comparative genomics), or to generate the 3-D structure 

of one or more proteins from each protein family, thus offering clues to their function (structural genomics). 

Sequencing technologies have played a crucial role in unravelling the genome. 

Applications of Genomics in seed science: 

a. Sequencing of crop-plant genomes (whole genome sequence) helps us to understand the structure 

of the genes present in the seeds 

b. Gene discovery for seed quality traits and nutritional value can be employed for development of 

new varieties with the better seed quality parameters and nutritional status. 

c. Molecular markers for genetic purity analysis can be designed and used for varietal identification 

also 

d. Identify genes guiding seed development and seed dormancy there by it can be employed to either 

break or to induce the dormancy in any of the desired seeds. 

e. Identification of seed borne pathogens. These will be more useful if the infection is latent in 

nature. 

Transcriptomics: The study of the transcriptome, the complete set of mRNA transcripts produced by the 

genome at any one time. The set of genes present in the genome of an organism will always be the same 

but any point there may be transcription or translation taking place hence, transcriptome is a time bound 

study. Comparison of transcriptomes allows the identification of genes that are differentially expressed in 

distinct cell populations, or in response to different treatments. Transcriptomics is the dynamic link 

between genomics and proteomics. 

Application of transcriptomics: 

a. Differential expression of genes related to stress would lead to production of new mRNA that 

would be led to production of differential protein which would make the plant to be resistant or 

susceptible to the stress 

b. Co expression of genes during germination and dormancy can be studied and well understood if 

the transcriptomics study is done in detail 

c. Alternative splicing of genes. 

Proteomics: Proteomics the large-scale study of the total complement of proteins in a given sample, has 

been applied to all aspects of seed biology mainly using model species such as Arabidopsis. Since proteins 

are responsible for most metabolic processes in the seed, in addition to being important structural 

components in the cytoskeleton, membranes, the cell wall, etc., it makes excellent sense to describe the 

proteome of a seed, a seed tissue, a specific cell type or a subcellular compartment. However, proteomics is 

also a powerful tool for detecting changes in the protein composition in response to developmental or 

environmental stimuli, so-called differential proteomics. 

Applications of proteomics: 

a. Understand the role of several protein associated with the seed development and maturation 

there by getting into a deep understanding of the seed biology of all the crop species 

b. Understand the mechanism of desiccation sensitivity in orthodox and recalcitrant seeds 

c. Identification of key enzymes and their role in the seed germination and precocious germination 

process 

d. Differential expression of protein in dormant and a nondormant seed 

e. Identification of GM seeds from seeds can be made easy and accessible to all by employing the 

proteomics. 
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f. Used to identify the pathogenesis related proteins in rice, soybean, etc. 

g. By using shotgun proteomics technology, they have developed the proteome and understand the 

metabolomic processes of seed filling in soybean (Agarwal et al., 2008). 

h. Wang et al. (2013) identified the proteins which are responsible for make sterility traits, which is 

essentially required for hybrid selection. 

Metabolomics: Metabolomics is an advanced, specialized form of analytical biochemistry. The technology 

focuses on the detection of small molecules which often play key roles in e.g. organic acids, amino acids, 

sugars, volatile metabolites and a myriad of secondary metabolites such as alkaloids, phenolic components 

and also pigments such as carotenoids and anthocyanins. 

Applications of metabolomics: 

a. Characterization of related species or crop varieties on the basis of metabolites 

b. Identification of regulated key sites in network 

c. Investigation of gene function under stress conditions and estimate seed vigour 

d. Improve the storage life of seeds (reducing rate peroxidation) 

e. Investigation of chemicals responsible for the seed dormancy 

f. Identification of infection by pathogen and resistant studies. 

Phenomics: Phenotypes in a rigorous and formal way, and link these traits to the associated genes and 

gene variants (alleles). Phenomics is used as analogy to genomics. Precise and accurate measurement of 

traits plays an important role in the genetic improvement of crop plants. Therefore, a lot of development 

has taken place in the area of phenomics in the recent past. 

Phenomics in Crop Plants is of two types forward phenomics and reverse phenomics. improvement. 

Forward phenomics uses phenotyping tools to discriminate the useful germplasm having desirable traits 

among a collection of germplasm. This leads to identification of the ‘best of the best’ germplasm line or 

plant variety. The selected plants can then be grown up to produce seed for further analysis and breeding. 

The reverse phenomics is used where the best of the best genotypes having desirable trait(s) is already 

known. Now through reverse phenomics, traits shown to be of value to reveal mechanistic understanding 

are dissected in details and subsequently the identified mechanisms are exploited in new approaches. Thus, 

in reverse phenomics, we discover mechanisms which make ‘best’ varieties the best. This can involve 

reduction of a physiological trait to biochemical or biophysical processes and ultimately a gene or genes 

Applications in seed science are: 

a. DUS testing 

b. Seed vigour estimation 

c. QTL analysis. 

Conclusion 

In twenty-first century, the advancement of omics technologies has stimulated seed scientist to study the 

gene identification and function in seed. Along with the protein identification, metabolic function and 

phenotyping techniques. OMICS technologies are the tools we need to feed the world. 

Future Line of Concern 

1. Reduction in cost of technology usage 

2. Development of bioinformatic tools for data analysis and storage of databases 

3. Human resource development for an overall purview of technology to apply in seed science. 

Reference 
1. Agrawal, G. K., Bourguignon, J., and Rolland, N. (2011). Plant organelle proteomics: collaborating for optimal cell function. 

Mass Spectrom. Rev., 30: 772–853. 

2. Ashok., Shakuntala, N.M. and Basave Gowda. (2017). Omics in seed development: A key factor for improvement of seed yield 

and quality. Journal of Pharmacognosy and Phytochemistry. 6(5): 941-950. 

3. Thompson, R., Burstin, J. and Gallardo, K. (2009). Post-genomics studies of developmental processes in legume seeds. Plant 

Physiology. 151(3), 1023-1029. 

4. Wang, X. and Zhang, B. (2013). Custom ProDB: An R package to generate customized protein databases from RNA-Seq data 

for proteomics search. Bioinformatics. 29(24), 3235-3237. 
  



 

 
Volume 04 - Issue 12 - December 2022       330 | P a g e  
 

Effect of Bio-Stimulants on Seed Germination and 

Seedling Growth 
Article ID: 38111 

Shobharani M1, Sushma MK1, Deepak TN2 
1Student, Division of Seed Science and Technology, ICAR- Indian Agricultural Research Institute, New 

Delhi- 110012. 
2Student, Department of Seed Science and Technology, College of Agriculture, UAS, GKVK, Bengaluru, 

Karnataka – 5600065. 

 

 

Introduction 

Successful seed germination results in the production of the next generation of plants, and is a critical 

phase in their growth and survival. Germination involves different processes including imbibition, protein 

synthesis, and phytohormone production. All of these processes can be manipulated by extrinsic factors 

including the application of biostimulants. Some biostimulants can be used to increase metabolic 

efficiencies and thus improve germination in different plants. The effect of biostimulants is often dependent 

on biostimulant type, concentration, and plant species. Certain seaweed extracts, humic substances, and 

microbial inoculants play a role in the hormonal metabolism stage, leading to an increased germination 

rate. 

Biostimulants 

Biostimulants are diverse substances of plants, animals and microorganisms. Biostimulants are found to 

enhance the plant growth and development. Biostimulants are any substances or materials, with the 

exception of chemicals, which, when applied to plants, seeds or growing substrates in specific formulations, 

have the capacity to modify physiological processes in plants in a way that provides potential benefits to 

growth, development or stress response (Halpern et al., 2015). 

Importance of Biostimulants in Agriculture 

1. Biostimulants helps to increases vigour and viability of seeds 

2. Biostimulants enables seeds to better germinate, root and shoot development 

3. It enhances nutrient availability 

4. It helps in metabolic process optimization 

5. It enhances resistance against pest and diseases 

6. It increases chlorophyll production 

7. It improves crop quality and yield 

8. Increases the water holding capacity. 

Biostimulants Classification 

It can be classified into different categories: 

1. Humic/Fulvic acids 

2. Seaweeds/ botanical extracts 

3. Protein hydrolysates 

4. Microbial inoculants 

5. Chitosan. 

Humic Substances 

Humic substances are organic materials obtained from microbial metabolism and chemical and biological 

transformation of dead organic matter (Canellas et al., 2015). The main component of humic substances is 

humus which is a brown to black composite of carbon containing compounds. Humic acid (alkali soluble) 

and fulvic acid (acid soluble) are the final break down components of the natural decay of plants and animal 

remains. Humic substances based biostimulants have been reported to show a positive effect on seed 
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germination and seedling growth, enhances the protein synthesis, better and early seed germination by 

producing enzyme production and can also reinforce tolerance to numerous kinds of abiotic stresses. 

Seaweed Extracts 

Seaweed refers to a species of macroscopic, multicellular, marine algae that commonly inhabitant the 

coastal regions of oceans where suitable substrata exist. It consists of plant hormones, macro and micro 

nutrients and nitrogen containing compounds like betaine, glycine betaine. 

Seaweed extract is a natural organic fertilizer which promotes faster seed germination and is highly 

nutritious to plants. Extracts obtained from Seaweeds are known as Seaweed Liquid Fertilizer (SLF) it 

contains promoters, plant growth regulators, hormones, carbohydrates, auxins, gibberellins, vitamins and 

other macro and micro-nutrients. It promotes faster rate of seed germination, enhances shoot and root 

development, stimulates plant growth and increases nutrient uptake,increases chlorophyll content, 

photosynthetic efficiency and carbon assimilation, improves quality and yield of the crops and also helps to 

resists in biotic and abiotic stresses. 

Protein Hydrolysates (PHs) 

Protein hydrolysates are the mixture of peptides and acids of animal or plant origin and amino acids such 

as glutamate, glutamine, proline and glycine betaine. PHs are produced through enzymatic, chemical or 

thermal hydrolysis of a variety of animal and plant residues (Cavani et al., 2006; Ertani et al., 2009). The 

use of plant derived (legume seeds, alfa alfa hay, corn wet milling and vegetable by-products) and animal 

– derived protein hydrolysates in agriculture improve plant growth and crop performance and may reduce 

the use of mineral fertilizers. PHs are known to exhibit hormone like activities (particularly auxins and 

gibberellin like activity) resulting into stimulation of seed germination, seedling growth, increases nutrient 

uptake and nutrient efficiency, stimulates photosynthesis and plant growth, enhances biotic and abiotic 

stresses and it also promotes nitrogen assimilation in plants combined with regulation of C and N 

metabolism. 

Microbial Inoculants 

Application of beneficial microorganisms to seeds is an efficient mechanism for the placement of microbial 

inoculants into soil where they will be well positioned to colonise the seedling roots and protect against soil 

borne diseases and pests. Microbial inoculants mainly include free living bacteria, fungi and arbuscular 

mychorrhizal fungi (AMF) that were isolated from a variety of environments including soil, plants, plant 

residues, water and composted manures. 

Beneficial Bacteria 

Bacterial association may be transient or permanent, some bacteria being even vertically transmitted via 

seed. Examples: Pseudomonas, Azotobacter, Azospirillum, Rhizobium, Bacillus, Acetobacter. Beneficial 

bacteria improves seed germination percentage under saline conditions, increased seedling growth, helps 

in nodulation in legumes, fixes atmospheric nitrogen, increased grain dry matter accumulation, number of 

panicles and nitrogen accumulation at grain maturation, it suppresses disease causing microbes and also 

improve soil structure, plant growth and crop yield. 

Beneficial Fungi 
Fungi interact with plant roots in different ways, from mutualistic symbioses to parasitism. Mycorrhizal 

fungi are heterogeneous group of taxa which establish symbioses with over 90% of all plant species. 

Mycorrhiza promotes sustainable agriculture, increase nutrient efficiency. 

Trichoderma viridae is not only used as biocontrol agents but it can also be used as biostimulant. It 

increases the seed germination percentage due to presence of some plant growth hormones, it enhances 

seedling growth, suppress the activity of soil borne pathogen. 

Chitosan 

Chitin is the second most abundant polysaccharide on the planet after cellulose and is sourced from 

exoskeletons of arthropods, membranes and spores of fungi and gut linings of nematodes. Chitosan is used 
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as a biostimulant and is applied to plants/ soil as a solution or as a dry powder for stimulation of plant 

growth. Chitin and chitosan are rich sources of nitrogen and may provide nitrogen to germinating seeds 

and improve germination and accelerates emergence in some plant species such as wheat, barley and rice 

(Ramirez et al., 2010). Beneficial effects of chitosan seeds treatment on germination percentage, 

germination rate, vigour of seedlings and protection against fungal pathogens. 

 
Fig. 1 Role of biostimulants in enhancing the metabolic activity of seed and seedlings 

Conclusion 

The stage of seed germination and seedling establishment is the most crucial and vulnerable in the life 

cycle of a plant. The seedling is always susceptible to various stresses and competition because of the 

reduced root and shoot system. Besides, climate change and abiotic stresses are increasingly threatening 

sustainable agricultural development. The beneficial effects of biostimulant seed treatment on enhanced 

seed germination, seedling vigor and tolerance to abiotic stress have been reported in several crops. 

Therefore, the treatment of seeds and seedlings with biostimulants is a promising and sustainable 

approach to enhance crop productivity. However, the ability of biostimulants to improve seed germination 

and break dormancy depends on the dose applied, plant species, culture conditions, climatic conditions, 

duration of treatment and application methods. 

Reference 
1. Halpern, M., Bar-Tal, A., Ofek, M., Minz, D., Muller, T. and Yermiyahu, U. (2015). The use of biostimulants for enhancing 

nutrient uptake. Advances in agronomy. 130, 141-174. 

2. Canellas, L. P., Olivares, F. L., Aguiar, N. O., Jones, D. L., Nebbioso, A., Mazzei, P. and Piccolo, A. (2015). Humic and fulvic 

acids as biostimulants in horticulture. Scientia horticulturae. 196, 15-27. 

3. Ertani, A., Cavani, L., Pizzeghello, D., Brandellero, E., Altissimo, A., Ciavatta, C. and Nardi, 

4. S. (2009). Biostimulant activity of two protein hydrolyzates in the growth and nitrogen metabolism of maize seedlings. Journal 

of plant nutrition and soil science. 172(2): 237-244. 

5. Cavani, L., Ter Halle, A., Richard, C. and Ciavatta, C. (2006). Photosensitizing properties of protein hydrolysate-based 

fertilizers. Journal of agricultural and food chemistry. 54(24), 9160- 9167. 

6. Ramírez, M. A., Rodríguez, A. T., Alfonso, L. and Peniche, C. (2010). Chitin and its derivatives as biopolymers with potential 

agricultural applications. Biotecnologia Aplicada. 27(4): 270-276. 
  



 

 
Volume 04 - Issue 12 - December 2022       333 | P a g e  
 

Molecular Tools for Detection of GM Seeds 
Article ID: 38112 

Deepak TN1, Shobharani M2 
1Department of Seed Science and Technology, College of Agriculture, UAS, GKVK, Bengaluru, Karnataka 

- 560065 
2Division of Seed Science and Technology, ICAR- Indian Agricultural Research Institute, New Delhi- 

110012. 

 

 

Introduction 

Transgenic crop is a plant in which one or more genes have been artificially inserted instead of the plant 

acquiring them under natural conditions of crossbreeding or natural recombination. The world of 

biotechnology is moving very fast, more traits are emerging and more acres than ever before are being 

planted with genetically modified varieties of an ever-expanding number of crops. Yet, there is concern 

amongst the general public regarding the safety of consumption of products derived from these GMOs and 

environmentalists are worried about the cross contaminations of these GMOs with the indigenous varieties 

of crops when both are being cultivated simultaneously. Therefore, the regulatory need to monitor and 

verify the presence and the amount of GM varieties in crops, seeds and products has increased with the 

expansion of the cultivation of the GM crops (Leena, 2005). 

Genetically Modified Organism (GMO) 
In modern science, a Genetically Modified Organism (GMO) is that in which the basic genetic material 

(DNA) has been artificially altered or modified to improve the attributes or make it perform new functions. 

Common GMOs include agricultural crops that have been genetically modified for greater productivity or 

for resistance to pests or diseases e.g., Bt cotton, incorporating a gene from a bacterium Bacillus 

thuriengiensis effective against the American Bollworm, a major pest on cotton. 

Detection of GM Crops and Products 

GM crops and their products can be identified by detecting either the inserted genetic material at DNA 

level, the mRNA transcribed from the newly introduced gene, the resulting protein, metabolite or 

phenotype. The analytical tests are generally carried out with the polymerase chain reaction (PCR method) 

detecting the inserted DNA, immunological assays detecting the resulting protein, or using bioassays to 

detect the resultant phenotype. Although much progress has been achieved in the development of genetic 

analysis methods, such as those based on the use of PCR, several other analytical technologies that can 

provide solutions to current technical issues in GM sample analysis are emerging. These methods include 

mass spectrometry, chromatography, near infrared spectroscopy, micro fabricated devices and, in 

particular, DNA chip technology (microarrays). So far only PCR has found broad application in GMO 

detection as a generally accepted method for regulatory purposes (ISTA, 2019). In general, the procedure 

consists of three distinct steps:     

1. Detection: The objective is to determine whether a product is GM or not. For this purpose, a general 

screening method can be used. The result is a positive/negative statement. The screening methods are 

usually based on the PCR, immunoassays or bioassays.  

2. Identification: The purpose of identification is to find out which GM crop or product are present and 

whether they are authorized or not in the country.    

3. Quantification: If a crop or its product has been shown to contain GM varieties, then it became 

necessary to assess compliance with the threshold regulation by the determination of the amount of each 

of the GM variety present. Normally, quantification is performed using real-time PCR. 

Methods for Detecting GM Crops and Products 

The analytical methods differ in many levels. The methods are DNA-based, protein-based or trait-based. 
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DNA-based methods: DNA based methods are based on detection of the specific genes, or DNA genetically 

engineered into the crop. Although, there are several DNA based methodologies, the most commercial 

testing is conducted using PCR technology. The PCR technique is based on multiplying a specific target 

DNA allowing the million- or billion-fold amplification by two synthetic oligonucleotide primers. In PCR, 

the first step in a cycle involves separation of the two strands of the original DNA molecule. The second 

step involves binding of the two primers to their oligonucleotide primers. The third step involves making 

two perfect copies of the original double stranded DNA molecule by adding the right nucleotides to the end 

of each primer, using the strands as templates. Once the cycle is completed, it can be repeated, and for each 

cycle the number of copies is doubled, resulting in an exponential amplification. The amplified fragment 

can be detected by gel electrophoresis or hybridization techniques. The process consists of extraction and 

purification of DNA, amplification of the inserted DNA by PCR and confirmation of the amplified PCR 

product (Shree Vidhya et al., 2012).   

Protein based methods: Immunoassay is the current method for detection and quantification of new 

(foreign) proteins introduced through genetic transformation of plants. Immunoassay is based on the 

specific binding between an antigen and an antibody. Thus, the availability of antibodies with the desired 

affinity and specificity is the most important factor for setting up immunoassay systems. Immunoassays 

can be highly specific and samples often need only a simple preparation before being analysed. Moreover, 

immunoassays can be used qualitatively or quantitatively over a wide range of concentrations. ELISA 

(Enzyme-Linked Immunosorbent Assay) and lateral flow sticks are typical protein-based test methods. 

a. ELISA (Enzyme Linked Immunosorbent Assay): In ELISA the antigen-antibody reaction 

takes place on a solid phase (microtiter plates). Antigen and antibody react and produce a stable 

complex, which can be visualised by addition of a second antibody linked to an enzyme. Addition of 

a substrate for that enzyme results in a colour formation, which can be measured photometrically 

or recognized by naked eye (Hasan et al., 2017). 

b. Lateral flow sticks: The lateral flow test (dipstick format) uses a membrane-based detection 

system. The membrane contains two capture zones, one captures the bound GM protein, the other 

captures color reagent. Paper strips or plastic paddles are used as support for the capture antibody 

that is immobilized onto a test strip in specific zone. Most tests are provided usually in kit form. 

The lateral flow test strip is dipped into the prepared sample in extraction solution and the sample 

migrates up the strip by capillary action. As the sample flows through the detection antibody strip 

and the capture antibody strip, the protein of interest will accumulate and thus give a high intensity 

band, but the volume is not as well controlled. These tests generally provide qualitative or semi-

quantitative results using antibodies and color reagents incorporated into a lateral flow strip 

(Payam et al., 2019). 

Phenotypic Characterisation (Herbicide Bioassays) 

Phenotypic characterisation allows detection of the presence or absence of a specific trait. So far only tests 

for traits as herbicides tolerance are available. Such methods can be used to test for presence or absence of 

herbicide resistant GM varieties and is termed herbicide bioassays. They consist of conducting germination 

tests on solid germination media in the presence of a specific herbicide, where non-GM and GM seeds show 

distinct characteristics. The detection level is dependent on germination of the seed and the germination 

methods should ensure that all viable seeds of the tested sample germinate. Seeds tested positive should 

be exposed to subsequent tests for confirmation. The herbicide bioassay tests are claimed to be accurate, 

inexpensive, and useful as a preventative test primarily for seed companies. Companies are using the 

herbicide bioassays to check individual shipments as a quality assurance program. Negative trait and 

positive trait seeds should be included as controls with every sample testing. 

Comparison of the Different Methods 

Methods  Suitability  Duration  Advantage  Disadvantage  

PCR  Detection, 

identification, 

quantification  

3-4 hrs  Very sensitive and most 

precise in terms of detection 

limits, qualitative and 

quantitative measurement of 

levels of target DNA sequence  

Expensive and require 

specialized equipment and 

trained personnel  
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ELISA  Trait 

identification  

2-4 days  Faster, less expensive, 

quantitative measurement of 

protein levels  

Cannot detect denatured 

protein, require some 

specialized equipment and 

trained personnel, cannot 

identify a GM sample 

where several varieties 

may have the same trait 

incorporated  

Lateral flow 

strip  

Trait 

identification  

10-20 min  Quick, Qualitative 

measurement of presence or 

absence of target protein  

No quantification of 

protein, cannot identify a 

GM sample where several 

varieties may have the 

same trait incorporated  

Herbicide 

bioassays   

Trait 

identification  

  

7-10 days  

  

Inexpensive, very accurate, 

identifying GM crops with the 

particular trait in samples of 

seed   

No processed products can 

be tested, bioassays 

require separate tests for 

each trait in question and 

at present the tests will 

detect only herbicide 

tolerance traits  

Conclusion 

The release of GM crop and products worldwide has resulted in public debate in many parts of the world. 

Despite the continuing controversy about GM crops, the need for identification and detection of GM crops 

and products has increased with the rapid expansion in the cultivation of GM crops at a double-digit rate 

or more, every year. Labeling and traceability of GM material is way forward to address the concerns of 

consumers and regulators. Therefore, it is important to understand the methods and their applications for 

detection of GM crops, seeds and their products. 
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Introduction 

Tomato (Solanum lycopersicum L.), a member of the solanaceae family, is one of the most widely cultivated 

vegetables in the world and plays a significant role in the global vegetable economy. In the world, tomato 

covers 4.8 million hectares and produces 37.60 tons/ha (FAO, 2018). In India tomato is cultivated over 789 

thousand hectares, with the production of 19759 thousand metric tons (Horticultural Statistics at a glance, 

2018). Tomato is rich source of amino acids, sugars, dietary fibers, minerals like Ca, P & Fe and vitamins 

(A, C & K). Because of its wide use and nutritional value have increased the demand for both fresh market 

and processed tomato varieties, therefore higher production of tomato is required to fulfill the ever-

increasing demand.  

There are so many factors which are responsible for the low productivity of tomato. Among them the most 

important factors are diseases. Among those diseases, early blight caused by Alternaria solani (Ellis and 

Martin) Jones and Grout is one of the most destructive and widespread in temperate, tropical and 

subtropical regions of the world. Tomato early blight was first reported in New Jersey, USA, in 1882. (Bose 

and Som, 1986). Early blight is the most destructive disease, resulting in a 35–78 percent reduction in yield 

(Jones et al., 1993). 

Symptoms of Early Blight 

Alternaria solani can infect each part of the plant like leaf (Fig.-1), fruits (Fig.-2) and stem (Fig.-3). The 

symptoms of early blight first appeared as small brown-to-black lesions on older foliage. The tissue 

surrounding the primary lesions may become bright yellow, and when lesions are numerous, entire leaves 

may become chlorotic. As the lesions enlarge, they often develop concentric rings giving them target-board 

like appearance. 

   

Fig-1. Infection of early blight of 

tomato on leaf 

Fig-2. Infection of early 

blight of tomato on stem 

Fig-3. Infection of early 

blight of tomato on fruits 

Pathogen 

Alternaria solani is a pathogen that comes under phylum Ascomycota, class Hyphomycetes, order 

Moniliales and family Dematiaceae (Jones and Grout, 1986). Alternaria solani has long beaked, non-

catenated spores, according to morphological characteristics and phylogenic analysis (Simmons, 2000). 

Septate, branching light brown hyphae that darkened with age made up the mycelium. The conidiophores 
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are small, measuring 50-90 µm in length and are black in colour and are born single. At least 1–5 

longitudinal septa and 5–10 transverse septa were found in conidia (Singh, 1987). A.solani may sporulate 

and produce conidia in an asexual manner, despite the fact that the fungus sexual stage is currently 

unknown. 

 

Management: For the management of the early blight different methods have been used. In this include 

cultural, use of resistant varieties, biological control, chemical control and disease-free planting material.  

Cultural control: Early blight of Tomato is so widespread that it is difficult to escape it completely, but 

several cultural practices can help. We know that the fungus overwinters in infected crop debris and can 

persist from one season to the next in the same field.  

a. Crop Rotation: Crop rotation is one of the most effective strategies in reducing levels of early 

blight on tomato. Using a three- or four-year crop rotation with non-solanaceous crops will allow 

infested plant debris to decompose in the soil. In cultural control crop rotation, mainly help to reduce 

the population of the pathogens in the soil. It is effectively controlling a soil borne pathogen.  

b. Mulching: Mulching is also important cultural practice to control weed, optimize soil moisture 

and keep the soil cool. This helps to create unfavorable conditions for soil borne pathogens thereby 

controlling diseases. Mulching also avoid splashing of soil borne disease on tomato leaves during 

watering.  

c. Organic amendments: Good quality compost improves soil structure and its ability to hold 

water and nutrients; it also supports microorganisms that contribute to biological control. Early 

blight severity was less in tomato plants grown in compost-amended soil than in non-amended soil. 

Biological control: Foliar application of fungal bio agents i.e., Trichoderma viride @ 0.25% and bacterial 

bio agent i.e., Pseudomonas fluorescens @ 0.25% found effective against early blight of Tomato. 

Use of plant extract: The most effective plant extracts for minimizing the severity of the early blight 

disease were Garlic bulb extract, Neem leaf extract, Datura leaf extract and Onion bulb extract @ 20% 

Chemical control: The use of chemical fungicides is considered as the most effective approach for 

controlling early blight. The fungicides Tebuconazole 25.9 % EC @ 0.1%, Propiconazole 25%EC @ 0.1% and 

Copper oxychloride 50 % WP @ 0.30%, Mancozeb 75 WP @ 0.25% have been widely used to control early 

blight, reducing the effect of the disease and enhances yield of tomato. 

Conclusion 

Tomato is one of the most economically significant vegetable crops grown and eaten globally. The disease 

known as early blight, which is brought on by Alternaria solani, is one of the most significant and 

widespread diseases of the cultivated tomato. Tomato early blight is managed by a variety of management 

approaches, including cultural, biological, chemical, and plant extract methods. 

http://ohioline.osu.edu/anr-fact/0015.html


 

 
Volume 04 - Issue 12 - December 2022       338 | P a g e  
 

Reference 
1. Bose,T.K. and Som, M.G. (1986).Vegetable crops in India. Nayaprakash Publishing, Calcutta. pp. 773. 

2. FAO (2018).World Tomato Production. Food and Agriculture Organization of the United Nations, Rome, Italy 

3. Horticultural Statistics at a Glance (2018). Horticulture Statistics Division Department of Agriculture, Co-operation & 

Farmers Welfare Ministry of Agriculture & Farmers Welfare Government of India. pp. 10 and 203 

4. Jones, L.R., Grout, A.J. (1986). Alternaria solani (Ellis & Martin) Annual Report of the Vermont Agricultural Experimental 

Station, 9:86. 

5. Jones, J.B., Jones, J.P., Stall, R.E., Zitter, T.A. (1993). Compendium of tomato diseases, St. Paul. American Phytopathological 

Society, St. Paul, Minnesota, USA.  pp. 28-29 

6. Simmons, E.G. (2000). Alternaria themes and variations (244-286) species on Solanaceae. Mycotaxon, 75: 1-115. 

7. Singh, R.S. (1987). Diseases of Vegetable Crops. Oxford and IBH Publication Company Pvt. Ltd., New Delhi, Bombay, Calcutta. 

pp. 419. 

  



 

 
Volume 04 - Issue 12 - December 2022       339 | P a g e  
 

Role of Lipoxygenase on Seed Germination and Plant 

Defence 
Article ID: 38114 

Deepak TN1, Shobharani M2 
1Department of Seed Science and Technology, College of Agriculture, UAS, GKVK, Bengaluru, Karnataka 

– 560065. 
2Division of Seed Science and Technology, ICAR- Indian Agricultural Research Institute, New Delhi- 

110012. 

 

 

Introduction 

Seed Germination is the process in which embryo found in the seed develops into plumule and radicle. Seed 

absorbs water and which swells the inactive tissues and start cell division. The radicle arises from 

micropylar, later on change into roots those provide supply of water and nutrients to the plant throughout 

their life. Enzymes such as amylase, protease, lipase and lipoxygenase are liable for solubilizing spare food 

materials in form of starch, protein and lipid correspondingly in seed and deliver energy to germinating 

embryo (Halen et al. 2002). 

Lipoxygenases (LOXs; EC 1.13.11.12) are non-heme iron containing dioxygenases that are widely 

distributed in plants and animals. LOX catalyzes the addition of molecular oxygen to polyunsaturated fatty 

acids containing a (cis,cis)-1,4-pentadiene system to produce an unsaturated fatty acid hydroperoxide. LOX 

initiates the synthesis of a group of acyclic or cyclic compounds collectively called oxylipins, which are 

products of fatty acid oxidation with diverse functions in the plant cells. 

Lipoxygenase Reaction 

In plants, linolenic and linoleic acids are the most common substrates for lipoxygenases, which catalyze 

the addition of molecular oxygen to polyunsaturated fatty acids containing a (cis, cis)-1, 4-pentadiene 

system to yield an unsaturated fatty acid hydroperoxides. Oxygen can be added to either of the pentadiene 

system with high stereo specificity, and in the case of linolenic and -linolenic acids, result in the formation 

of 9(S) - or 13(S)-hydroperoxy derivatives or both depending on the specific iso-form of the enzyme. Products 

of the lipoxygenase reaction (or derivatives thereof) are aromatic. The presence of lipoxygenase activity in 

many foodstuffs can affect their properties, particularly during long-term storage, in both desirable and 

undesirable ways (Siedow, 1991). 

 

Lipoxygenase Pathway 

The LOX pathway, the dioxygenation of long chain fatty acids such as -linolenic acid (18:3), catalyzed by 9- 

and 13-LOXs, results in derivatives with several known or proposed functions in the plant cell. 9-HPOT, 9-

Hydroperoxy-octadecatrienoic acid; 9-KOT, 9-keto-octadecatrienoic acid; 13-HPOT, 13-

hydroperoxyoctadecatrienoic acid; 13-KOT, 13-keto-octadecatrienoic acid; 12-oxo-PDA, 12-oxo-10,15-

phytodienoic acid. LOXs catalyze the stereospecific dioxygenation of polyunsaturated fatty acids containing 

cis,cis- 1,4-pentadiene structures leading to the formation of the respective hydroperoxy derivatives . In 

plants, the most common substrates for LOXs are linoleic and linolenic acids, the major polyunsaturated 
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fatty acids in plant membrane phospholipids. Oxygen is introduced either at the 9- or 13-carbon of linoleic 

or linolenic acid, leading to the formation of 9- or 13-hydroperoxylinoleic or -linolenic acid, respectively. 

 

The hydroperoxy derivatives of linoleic and linolenic acids are further metabolized in plants by different 

enzymes such as reductase, hydroperoxide lyase, hydroperoxide cyclase, lipoxygenase and peroxygenase 

yield traumatin, jasmonic acid, oxylipins and volatile aldehydes. These products play role in signal 

transduction of wound response, as antimicrobial substances in host-plant resistance and as regulators of 

growth and development of plant (Deshpande et al., 2015). 

Physiological Role of LOXs in Plant Life 

Some of the important physiological role of lipoxygenase in plant life suggested that;  

1. Plant growth and development 

2. Synthesis of regulatory molecules 

3. Senescence 

4. Plant responses to wounding and host plant resistance. 

Plant Growth and Development 

The actual function of LOX in the process of germination remains unknown, although several hypotheses 

have been put forward. Thus, LOXs might be involved in the disruption of cellular membranes, thereby 

enabling transport of storage compounds to the embryo. The presence of a LOX isoform as the major protein 

of lipid bodies in cucumber and soybean seedlings suggests that LOXs might contribute to or initiate the 

mobilization of lipids, during germination interestingly, enhancement of enzyme activity and alteration of 

its regiospecificity takes place after binding of the cucumber LOX isoform to the lipid body membrane 

(Subrahmanya and Krishnappa, 2017). 

Synthesis of Regulatory Molecules 

1. Inhibition of soybean callus growth in the standard cytokinin bioassay 

2. Stimulation of ethylene production in ripe fruits 

3. Induction of specific proteins in senescent barley leaves  

4. A general inhibition of growth in rice seedlings. 
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Plant Senescence 

Lipid peroxidation begins with the generation of free radical either by auto oxidation or enzymatically by 

oxidative enzymes such as lipoxygenases present in the seeds (Lima et al., 2010). They are formed either 

by the loss of a single electron from a non-radical or by the gain of a single electron by a non-radical. 

1. Auto Oxidation by free radical reaction: Autoxidation may be primary cause of SD at moisture content 

below 4 %. 

2. Enzyme Action: Above 14 % moisture content, lipid peroxidation may again be stimulated by the activity 

of hydrolytic oxidative enzymes such as lipoxygenase. 

Host Plant Resistance 

In plants, hypersensitive response or reaction is a defence mechanism, involves interaction between 

products of an avirulent(avr) gene of pathogen and resistance(R) gene of plant result in incompatible 

reaction takes place between pathogen ant host. 

Hypersensitive reaction is just restriction of pathogen growth and spread, which includes; programmed cell 

death (apostasis), production phytoalexins, and pathogen related proteins. During hypersensitive reaction, 

the dying of cell strengthens their cell wall and accumulate certain toxic compounds like phenols, 

phytoalexins etc. The plant defense response to pathogen attack comprises the activation of defense genes, 

synthesis of antimicrobial compounds, such as phenols, phytoalexins. In many cases hypersensitive cell 

death which correlates with and might be causally linked to the development of resistance. During 

interactions of pathogens with their hosts, alterations in LOX activity have been observed indicating that 

the enzyme may be involved in the plant response to infection (Akram et al., 2008). In particular, LOX 

activity increases specifically during incompatible interactions in several plant-pathogen systems. It has 

been argued that LOXs play a role in the development of resistance via the hypersensitive cell death. 

Ex: Increase in the activity of lipoxygenase in plant resistance to bacterial disease Pseudomonas syringae 

pv. Pisi in cucumber cotyledon, shows incompatible interaction to bacteria. 

Conclusion 

Lipoxygenases are non-heme iron containing dioxygenases, which are normally present in the seeds of 

plants. The role lipoxygenase in the seeds of plants that were studied is quite positive particularly on seed 

germination, senescence and plant defence. Hence it could act as important tool in seed science research 

and genetic breeding programmes for quality seeds. Understanding of mechanism, physiological role and 

synthesis pathways will be critical to ensure successful activity of lipoxygenase. 
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Geographic Information System (GIS) 

GIS is the principal technology used to integrate spatial data coming from various sources in a computer. 

GIS techniques deal with the management of spatial information of soil properties, cropping systems, pest 

infestations and weather conditions. This is primarily an intermediate step because it combines the data 

collected at different times based on sampling regimes, to develop the subsequent decision technologies 

such as process models, expert systems, etc. GIS technology will help the farmers and scientists in decision 

making, as precise information on field will be readily available. GIS techniques make weed control, pest 

control and fertilizer application site-specific, precise an effective; it would also be very useful for drought 

monitoring, yield estimation, pest infestation monitoring and forecasting. GIS coupled with GPS, 

microcomputers, RS and sensors is used for soil mapping, crop stress, yield mapping, estimation of soil 

organic matter and available nutrients. In combination these technologies have brought out rapid changes 

in data collection, storing, processing, analysis and developing models for input parameters. 

Global Positioning System (GPS) 

Tailoring soil and crop management to match varying conditions (soil texture, moisture, nutrient status 

and pest distribution) within a field is not entirely new to farmers. The growers traditionally noted yield 

variability in space, time and changed farm practices depending on site conditions to optimize soil resources 

and external inputs. This was possible because most developing countries farms were relatively small and 

farmers were familiar with spatial and temporal variation. However, the precision farming in terms of 

using technologies such as Global Positioning Systems (GPS), Geographic Information Systems (GIS) 

remote sensing, yield monitors, guidance systems for variable rate application to manage within-field 

variation is still in its infancy in almost all developing countries including India. Precision agriculture is 

an integrated crop management system that attempts to match the kind and number of inputs with the 

actual crop needs for small areas within a farm field. 

The Need for Global Positioning System (GPS) 

Global positioning system has revolutionized positioning concept, though it started primarily as a 

navigation system. Today, the Global Positioning System (GPS) has become an international utility. In 

addition to its ease of use and worldwide all-weather operation, GPS owes its popularity to the dependable 

high accuracy with which position, time and direction can be determined. As a tool of precision Agriculture, 

Global Positioning System satellites broadcast signals that allow GPS receivers to calculate their position. 

This information is provided in real time, meaning that continuous position information is provided while 

in motion. Having precise location information at any time allows crop, soil and water measurements to be 

mapped. GPS receivers, either carry to the field or mounted on implements allow users to return to specific 

locations to sample or treat those areas. 

Remote Sensing (RS) 

Remote sensing refers to the process of gathering information about an object, at a distance, without 

touching the object itself. The most common remote sensing method that comes to most people's minds is 

the photographic image of an object taken with a camera. Remote sensing has evolved into much more than 

looking at objects with our eyes. It now includes using instruments, which can measure attributes about 

objects which unaided human eyes can't see or sense. 

"Remote sensing is the art and science of obtaining information from a distance, i.e., obtaining information 

about objects or phenomena without being in physical contact with them. The science of remote sensing 

provides the instruments and theory to understand how objects and phenomena can be detected. The art 

of remote sensing is in the development and use analysis techniques to generate useful information.’’ 
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Variable Rate Technology ("VRT") 
VRT consists of farm field equipment with the ability to precisely control the rate of application of crop 

inputs and tillage operations. 

Soil and Drainage Maps: Soil maps are also sometimes used to determine management zones. Soil maps 

are becoming part of the GIS database. 

The grid sampling technique takes separate soil samples from uniform sized grids laid out over the field. 

A problem with this type of sampling is the variability that can exist in soil types within each grid. This 

variability makes it much tougher to determine soil characteristics within the grid for crop input 

management purposes. To minimize this problem smaller grids are required which then requires many 

more soil samples to be taken for a larger number of grids. Soil samples can become a major cost of precision 

farming. 

One method of controlling variability within the field is VRT. VRT allows the grower to apply the quantity 

of crop inputs needed at a precise location in the field based on the individual characteristics of that 

location. Crop inputs that can be varied in their application commonly include tillage, fertilizer, weed 

control, insect control, plant variety, plant population, and irrigation. 

Typical VRT system components include a computer controller, GPS receiver, and GIS map database. The 

computer controller adjusts the equipment application rate of the crop input applied. The computer 

controller is integrated with the GIS database, which contains the flow rate instructions for the application 

equipment. 

A GPS receiver is linked to the computer. The computer controller uses the location coordinates from the 

GPS unit to find the equipment location on the map provided by the GIS unit. The computer controller 

reads the instructions from the GIS system and varies the rate of the crop input being applied as the 

equipment crosses the field. The computer controller will record the actual rates applied at each location 

in the field and store the information in the GIS system, thus maintaining precise field maps of materials 

applied. Although VRT can control inputs applied to crops, it cannot control factors such as soil type, 

weather climate, and topography that are fixed. 

GreenSeeker 

GreenSeeker is an integrated optical sensing and application system that measures crop status and 

variably applies the crop's nitrogen requirements.  

Yield potential for a crop is identified using a vegetative index known as NDVI (normalized difference 

vegetative index) and an environmental factor. Nitrogen (N) is then recommended based on yield potential 

and the responsiveness of the crop to additional nitrogen. 

NDVI = (NIRreflected - Redreflected) / (NIRreflected + Redreflected) 

Healthy plants absorb more red light and reflect larger amounts of NIR than those that are unhealthy. 

NDVI is an excellent indicator of biomass (amount of living plant tissue), and to accurately project yield 

potential. 

Nutrient Expert/Nutrient Manager 

Nutrient Manager is an interactive computer-based decision tool developed in 2008 by International Rice 

Research Institute.  

This decision tool consists of about 10-15 multiple choice questions that can easily be answered within 15 

minutes by an extension worker or farmer.  

Based on responses to the questions, a fertilizer guideline with amounts of fertilizer required by crop growth 

stage is provided to enable farmers to apply the right amount of fertilizer at the right time to their field. 

Each module consists of at least two questions, which the user can answer by selecting (byticking) from a 

list of possible answers and/or by entering a value in designated data entry boxes. Each module provides 

an output or report that can be printed or saved as a file. The user can navigate between modules and make 

changes but the user must be aware that changes made in one module may affect other modules (i.e. data 

sharing between modules). 
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Current Nutrient Management Practice 

This module provides an overview of the farmers current nutrient management practice and the yield 

obtained for the growing season considered. The output of the module is a summary table showing the 

timing of fertilizer application, number of fertilizers applied, and their nutrient (N, P2O5, and K2O) 

contents. 

Planting Density 

This module provides an analysis of the farmers current planting density including row spacing, within 

row spacing, and number of seeds per hill. It also presents an opportunity for developing an alternative or 

improved planting density with options for row structure (i.e. double row, single Nutrient Expert for Hybrid 

Maize v1.0 User Manual 02Mar2010 12 row), row spacing, and within-row spacing that will result to an 

optimal plant population of 65,000 to 75,000 plants/ha. 

Leaf Colour Chart 

1. For the need-based N application, reliable diagnostic tools are needed to inform farmers how much and 

how often to apply N fertilizer 

2. Leaf colour chart could help farmers easily to identify the greenness of rice leaves to make their decision 

on when and how much N fertilizer needed for their crops 

3. The LCC is usually a plastic, ruler shaped strip containing four or more panels that range in colour from 

yellowish green to dark green 

4. Farmers then apply fertilizer N whenever the leaves are more yellowish green than a threshold LCC 

value, which corresponds to a critical leaf N content. 

How to Use the LCC? 

1. Start LCC readings from 14 days after transplanting (DAT) or 21 days after sowing (DAS). Take the last 

reading when the crop just starts to flower 

2. Randomly select at least 10 disease-free rice plants or hills in a field with uniform plant population. 

Select the topmost fully expanded leaf from each hill or plant 

3. Place the middle part of the leaf on a chart and compare the leaf color with LCC shades. When the leaf 

color falls between two shades, the mean value is taken as the reading, e.g., 2.5 for color between 2 and 3. 

Do not detach or destroy the leaf. 

4. Measure the leaf color under the shade of your body, because direct sunlight affects leaf color readings.  

5. Repeat the process at seven to ten days intervals or at critical growth stages (early tillering, active 

tillering, panicle initiation and first flowering) and apply N as needed. 

6. If more than five out of ten leaves read below a set critical value, apply: 

a. 20-30 kg N/ha for wet season or low-yielding season. 

b. 30-35 kg N/ha for dry season or high-yielding season. 

Chlorophyll Meter 

1. Chlorophyll meter estimates the amount of chlorophyll present by measuring the amount of light that is 

transmitted through a leaf. In essence, it determines "how green is this plant. 

2. Chlorophyll meters can provide instantaneous, on-site information in a nondestructive manner. 

3. Fields can be monitored easily throughout the year. The chlorophyll meter is user friendly and can 

compute the average value of several samples. 
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Introduction 

Seeds are critical components of fitness for most plants and thus can be among the most highly defended 

plant organs. They are the important material for propagation and sources of nutrition for animals across 

ecosystem due to nutritionally rich in nature its get attracted by many organisms like insects, fungus, 

birds, mammals, vertebrates and invertebrates.  In order to protect from these seeds has developed some 

defence mechanisms for its survival viz., physical defence, chemical defence and bio-chemical defence. Plant 

defense theory provides a powerful framework for understanding the ecological and evolutionary dynamics 

of interactions between plants and their antagonists. As plant defense theory matures, opportunities have 

arisen to apply this framework to other plant organs. Root herbivory can have as large an effect on plant 

fitness as folivory and therefore analyses have explored whether similar structural and chemical defense 

traits are expressed above and below ground and whether expression across roots and shoots is coordinated. 

Although seed defenses are well studied, few attempts have been made to explore defense allocation in 

seeds in the context of existing defense theory, despite analogies between whole-plant defensive traits and 

those of seeds. Because seeds are exposed to natural enemies while developing on the maternal plant, when 

dispersed to the soil surface, and when incorporated into the soil, they are likely to encounter a greater 

diversity of natural enemies than shoots and roots (James et al., 2020). 

Effectiveness of Defenses During the Life of a Seed 

Understanding selection on seed defenses requires breaking down the stages in the life of seeds from 

development and maturation on the maternal plant, to initial dispersal to the soil surface and subsequent 

incorporation in the soil seed bank. Although some seed traits govern the attractiveness of seeds throughout 

their lives (e.g., seed nutritional quality), the distinct suites of natural enemies’ seeds encounter at each 

stage may select for different defense traits. 

Pre-Dispersal Stage 

The pre-dispersal stage for seeds is analogous to the immature leaf stage: it describes the period when seed 

filling occurs and physical protective structures develop. Because physical defenses are ineffective until 

they can be fully developed, defensive traits might be expected to be more similar to those of the soft tissues 

of shoots and leaves. In addition to investing in chemical defenses to reduce seed palatability and microbial 

infection, defense adaptations can include, 

1. Rapid seed development, which shortens the window of opportunity for larval development and increases 

the probability of dispersal in herbaceous plants when foraging herbivores consume both leaves and seeds. 

2. Elongated seed shape, reducing space for insect development. 

3. Delayed ripening of fruit and development of seeds, where seeds are fully provisioned only at the moment 

that fruit or infructescences mature and become attractive to dispersers. 

4. Masting, i.e., supra-annual variation in seed crop size at the individual level, or synchronized across 

populations or communities, to satiate pre- and post-dispersal seed predators. 

Post-Dispersal Stage 

Most seed mortality occurs immediately post-dispersal and appears to be independent of seed size, defense 

adaptations can includes, 

1. Reducing rates of seed detection by blocking the olfactory clues. 
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2. Reducing seed attractiveness to vertebrate and invertebrate seed predators by physical or chemical 

defenses. 

3. Seed losses can be reduced by directed dispersal to safe sites with reduced predation risk.  

4. Seed losses on the soil surface can be reduced by rapid seed germination because the transformation of 

seed reserves into less palatable tissue can make seedlings less attractive than seeds. 

Seed Bank Persistence 

Seeds that persist for prolonged periods before germination, and consequently become incorporated in the 

soil seed bank, may have a reduced risk of predation. However, once in soil they are increasingly susceptible 

to microbial infection from pathogens and decay of seed-protecting structures by saprophytes. Seed bank–

forming species might therefore be expected to undergo selection for particularly effective antimicrobial 

defenses relative to species with a more transient seed stage. Effective defenses for persistent seeds may 

include indirect defenses via microbial mutualistic partnerships that exclude potential pathogens or 

promote germination or the induction of biochemical defenses consisting of latent enzymes that are 

activated in the presence of pathogens. 

Natural Defense Mechanisms Employed for Seeds to Protect Against 

Insects, Fungi, Bacteria, Birds and Other predators includes, 

1. Dispersal 

2. Avoidance 

3. Physical defense-seed coat  

4. Biological control 

5. Systemic acquired resistance 

6. Chemical defense-secondary metabolites 

7. Protective proteins-enzyme inhibitors 

8. Lectins. 

Dispersal 
Dispersal of seeds away from the parent plant may facilitate escape from density-dependent seed mortality. 

However, many post-dispersal events can have a profound influence on the survival of dispersed seeds. 

If a seed is deposited in a suitable microsite, seed predation becomes the most important factor determining 

seed survival (Virginia and Colin, 2007). 

Dispersal by wind: 

a. By the development of flat, thin, lateral expansion of wings. eg: Spathodea, Cedrela. 

b. By the light in weight and slender.  eg: Dandelion  

c. By the development of tufts of hairs. eg: Calotropis 

Dispersal by Water: 

a. Fruits and seeds dispersed by water have thick outer coat.  

b. In some cases pericarp contains airspaces so that fruits are light and float easily.  eg. Coconut, 

gerbera etc. 

c. In some cases thalamus itself gets detached and floats in water. eg: lotus  

d. In some seeds, provided with a spongy aril.  eg. Water lily. 

Dispersal by Animals: 

a. In some cases the fruits are provided with spines and hooks. eg: Bidens Pappas in the form of 

hooks. eg. Xanthium spines. 

b. In some spp. seeds is, coloured in a deceptive manner, birds mistake these seeds for insects and 

carry them away. Later on, they are dropped when the birds find them of no use. eg: Castor- dark 

purple colour. 

Avoidance 

1. Seeds vary in germination rate both among species and within individual seed lots.  

2. Longer seeds remain in soil ungerminated, the greater vulnerability to pathogen attack or predation by 

animals or insects.  
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3. Seeds that germinate rapidly and establish healthy seedlings pass through vulnerable stages quickly, 

minimizing expose to attack by seed scavengers and also from seed and seedling diseases.   

4. Seed priming increases germination rate is credited with reducing susceptibility to seed diseases, 

because seeds are vulnerable to attack for shorter period of time compared to slower germinating unprimed 

seeds. 

Predation 

Seed predation is an important ecological process that can affect the reproductive success of individual 

plants, the dynamics of plant population. To prevent seed losses from predation, plants have developed 

protective strategies.  Seeds may utilize chemical or structural defenses to deter predators. Seed eating 

animals may attack seeds during fruit development while seeds and fruits are still attached to parent 

plants; this is termed pre-dispersal seed predation. Plants can also suffer from post-dispersal seed 

predation when ripe seeds are consumed after their release from the parent plant. To prevent high seed 

losses and a consequent reduction in fitness, many plants have developed protective strategies against seed 

predators (Meike and Garcia, 2012). These strategies include physical protection, such as spines or hard 

fruit endocarps that serve as barriers to predation, and chemical defenses that render seeds toxic or inedible 

to seed-eating animals. 

Physical Defense 

1. In seeds, the specialized tissues can be providing a physical barrier to protect against pathogenic attack.  

2. Thick seed coats with lignin or trichomes provide barrier to predation of insects and animals. 

3. Structure and architecture of some seed coats delays or inhibits the growth of hyphae as well. In 

muskmelon seeds, microbial growth around the seed during imbibition is inhibited due to nutrient leakage 

from the embryo creates a semi-permeable endosperm cell wall (Amanda et al., 2011). 

4. Thick cell walls of the endosperm tissue provide a physical barrier to slow the penetration of fungus in 

lettuce and cucurbits. 

Biological Control 
Biological control uses other living organisms to modify the agricultural ecosystem to control disease or to 

prevent the establishment of a pest. Some of the organisms that are used for biological control of plants are 

free living bacteria or fungi in the rhizosphere. Other biological organisms are endophytes that exist inside 

the plant that may or may not be seed transmitted.   In some circles, the term endophyte has been applied 

almost exclusively to fungi, including mycorrhizal fungi or bacteria that for part all of their life cycles 

invade the tissues of living plants and cause unapparent and asymptoms. Bacterial endophytes can 

improve growth and reduce disease symptoms caused by several plant pathogens. 

Eg: Pseudomonas flourosences, Tricoderma viridae, Endophytes. 

Seed Dormancy 

Seeds can survive for prolonged periods in soil either while maintaining dormancy or in a quiescent state, 

where seeds lack any intrinsic barrier to germination but fail to receive a suitable environmental cue. 

Although a wide range of dormancy classes exist for seeds, most species that exhibit seed dormancy have 

either physical dormancy, where seeds are enclosed inside a water-impermeable layer in the seed or fruit 

coat, or physiological dormancy, where seeds are permeable but can only germinate following specific 

chemical or environmental cues. 

Systemic Acquired Resistance 

Induced Systemic Acquired Resistance (SAR) is the ability of a bacterium, chemical, insect or virus to 

induce broad plant defense mechanisms that lead to the systemic resistance to a number of pathogens. 

Salicylic acid is a plant hormone which helps in pathogen related proteins to inhibit pathogen. Salicylic 

acid and its derivatives have been used extensively in agriculture to induce SAR. 

Chemical Defense: Production of Secondary Metabolites 

Secondary metabolites, also called specialized metabolites, toxins, secondary products, or natural products, 

are organic compounds produced by bacteria, fungi, or plants which are not directly involved in the normal 
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growth, development, or reproduction of the organism. These compounds mainly act as a competitive 

weapon used against other bacteria, fungi, amoebae, plants, insects, and large animals (Joseph et al., 2020). 

Plant secondary metabolites can be classified into four major classes: terpenoids, phenolic compounds, 

alkaloids and sulphur-containing compounds. 

1. Alkoloides and their derivatives like, theobromine, caffeine, strychnine, brucine and morphine are 

natural compounds that protect seeds from insect or animal. 

2. Glucosides are bitter componets in some seeds. Eg: amygdalin in almonds, peaches and plums and esculin 

from horse chesnut, saponin in Tung seeds.  

3. Phenolic compounds like, coumarin and chlorogenic acid and their derivatives such as ferulic, caffeic and 

sinapic acids present in seed coats of many seeds. These compounds act as germination inhibitors that 

maintain quiescence in seeds and leach out into the soil to inhibit germination of neighboring seeds. 

Protective Proteins- Enzyme Inhibitors 

The most common group of defense proteins found in seeds mainly as proteinase inhibitors. These 

protective proteins found abundant in legumes seeds which provide resistance to insect development. 

Prolamins are the class of proteinase inhibitors found in cereals which inhibits trypsin and amylases and 

also provide limited resistance to insect development. 

Lectins 

Lectins are carbohydrate-binding proteins that bind glycons of glycoproteins, glyocolipids or 

polysaccharides with high affinity. Seed lectins help to kill or inhibit certain insect pests. The mode of 

actions is not fully understood but may involve impaired function of membranes in the digestive tract of 

insect. 

Conclusion 

The study of natural seed defense mechanisms has given wide range of knowledge about how the seed 

survive in adverse condition by manipulating their internal contents. And it’s an evolving field in seed 

biology is the study of organisms that provide biological control these organisms are naturally associate 

with seed or sometimes applied to protect seed. Natural seed defence have manipulated and exploited 

commercially to protect seed and improve their establishment. This trend will only continue as knowledge 

of seed defence mechanisms. 
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Pre-Cooling 

Removal of field heat from freshly harvested produce in order to slow down metabolism and reduce 

deterioration prior to transport or storage. 

Pre-cooling is necessary for maintaining an optimal postharvest life and to minimize the impact of the 

products senescence on its market quality. It is also regarded as one of the most cost-effective ways to 

maintain the quality and increase the shelf life of commercial crops. (Dehghannya et al.,2010). Pre-cooling 

can be accomplished by several techniques such as room cooling, hydro cooling, vacuum cooling, forced air 

cooling, and contact icing among other (Dehghannya et al., 2010). 

The choice of the pre-cooling method is influenced by the product type. For fruits and vegetables, the pre-

cooling method will be influenced by factors, such as the airflow rate, air temperature, relative humidity, 

the geometry and thermal properties of the produce, and the packing configuration and stacking 

arrangement (Dehghannya et al., 2010). 

Why Pre-Cooling is Necessary? 

Agricultural products had field heat when they were harvested under field conditions. The freshness and 

general quality of the harvested produce are decreased if it is placed directly into packets, jute bags, or 

cartons because of the field heat. As a result, the market quality of the harvested produce is declines quickly 

and the farmers’ incomes get affected. So, to prevent above mentioned losses and to increase the farmer 

income, it needs to pre- cool. 

Advantages of Pre-Cooling 

1. Pre- cooling removes the field heat after harvest the fruits and vegetables.  

2. The freshness of the produce maintained after the harvesting. 

3. Reduces the rate of respiration and ripening of fruits and vegetables. 

4. Reduces the production of ethylene that delays the ripening of fruits and vegetables. 

5. Inhibits the growth of spoilage organisms. 

6. Eliminate the attack of the dryness factor. 

Mechanism of Pre-Cooling 

1. Conduction 

2. Convection 

3. Radiation. 

Methods of Pre-Cooling 

1. Room cooling 

2. Forced-air cooling 

3. Hydro cooling 

4. Ice cooling 

5. Vaccum cooling 

6. Cryogenic cooling. 
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Source: - https://image.shutterstock.com/image-vector/heat-transfer-methods-water-boiling-

260nw-2159959229.jpg 

1. Room cooling: It is a slow, low-cost cooling approach that doesn't need any extra equipment for pre-

cooling. It is simple to operate as the product is cooled and stored in the same room. This approach involves 

simply loading food into a cool chamber and allowing cool air to circulate throughout the cartons, bags, 

bins, or bulk load. This method is most suitable for less perishable commodities. To ensure that the product 

cools more quickly, there should be enough space between box stacks inside the cold room; around 1 inch 

(2.5 cm) of space is adequate. It is observed that place-packed produce requires double the time for cooling 

as compared to tray packed produce. The stacks of produce inside the cold room should be narrow, about 2-

3 cartons. Fans should be installed to move the cold air throughout the room. 

Example- Beets, cabbages, peppers, pumpkins, squash, tomatoes, zucchini, cassava, ginger, garlic, potato, 

sweet potato, watermelon etc. are the examples of room cooling. 

2. Forced-air cooling: The majority of horticultural produce uses forced air cooling. This pre-cooling 

technique is the quickest, taking only a 1/4 to 1/10 of the time required for room cooling. Forced air cooling 

pulls or pushes air through the vents/holes in storage containers. In this method, uniform cooling of the 

produce can be achieved if the stacks of pallet bins are properly aligned. This cooling technique is the most 

frequently used for small-scale operations. Some cold rooms have sidewall-mounted, permanent forced-air 

conditioning equipment.  Small-scale growers and handlers have designed a variety of portable forced air 

coolers for use. Cooling time depends upon air-flow rate, the temperature difference between the produce 

and the cold air and produce diameter. Although it is slower than hydro-cooling, it is a useful alternative 

for crops that need to quickly remove heat but cannot accept being wet or having chlorine in the cooling 

water. The main disadvantages of forced- air cooling is the risk of desiccation of the crop. 

Example- Beans, carrots, cauliflower, celery, cucumbers, kohlrabi, leafy greens, lettuce, peas, peppers, 

potatoes, raspberries, spinach, rhubarb, strawberries, grapes, pear and peach etc. are the examples of 

forced- air cooling 

3. Hydro- cooling: In this technique chilled/cold water serves as the refrigerant because of its higher 

capacity to absorb heat, it is faster than forced air cooling. Hydro-cooling can be accomplished by immersion 

or through means of a chilled water shower. Due to the difficulties in moving water through the containers 

and the high cost of using water-tolerant containers, it is less commonly employed for packaged 

commodities. This technique is applied to crops that can withstand getting wet, chlorine, and water 

infiltration. 

Example- Mango, Peach, Cherry, Root crops, Pea, Cucumber, Brinjal, Carrot, Watermelon etc. are the 

examples of hydro-cooling. 

4.  Ice-Cooling: For quick cooling, produce is sometimes packed with crushed or flaking ice in certain 

commodities. However, the cooling rate slows down as the ice that is in contact with the product melts. The 

ice keeps a high relative humidity around the product. Finely crushed ice, flakes of ice, or a slurry of ice 

and water known as liquid ice are all examples of package ice. Liquid icing distributes the ice throughout 

the container, achieving better contact with the product. Only water-tolerant, non-chilling sensitive 
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products and containers may be utilized with packed icing. (Waxed fiberboard, plastic or wood). Ice (1 kg) 

will roughly drop the temperature of product 3 times its weight by about 28°C. 

Example- Broccoli, Brussels sprout, Chinese cabbage, Pea, Spinach, Carrot etc. are the examples of Ice- 

Cooling. 

5. Vacuum Cooling: Water evaporates from the product during vacuum cooling at very low air pressure. 

In this method, air is pumped out from a larger steel chamber in which the produce is loaded for pre-cooling. 

The removal of air results in the reduction of pressure of the atmosphere around the produce which further 

lowers the boiling temperature of its water. The water boils fast as the pressure drops, remove heat from 

the produce. The underlining principle of vacuum cooling process in that water boils at 100 C at atmosphere 

pressure. With the reduction in pressure, boiling temperature reduces and at pressure of 4.6 mm of mercury 

water will boil at 0°C Vacuum cooling cause about 1% product weight loss (mostly water) for each 6°C of 

cooling products which release water quickly from their surface may cool as rapidly within 20-30 minutes. 

Produce which have large surface area such as leafy vegetables (eg. lettuce), are especially suited to this 

method due to rapid release of water from their surface. 

Example- Lettuce, Mushroom, Snap peas, Cauliflower, Celery etc. are the examples of Vacuum Cooling. 

6. Cryogenic Cooling: In Cryogenic Cooling the temperatures of -196 and -78 C can be achieved by using 

the latent heat of evaporation of liquid nitrogen or solid CO2 (dry ice), respectively. In cryogenic cooling, 

the produce is cooled by conveying it through a tunnel in which the liquid nitrogen or solid CO2 evaporates. 

However, at the above temperatures the produce will freeze and thus be ruined as a fresh market product. 

This problem is prevented by careful control of the evaporation rate and conveyor speed. Cryogenic cooling 

is relatively cheap to install but expensive to run. This system would seem ideally suited to the horticulture 

industry where production is seasonal however no documented research has been conducted yet into the 

success of this application. The high cost of liquid nitrogen, dry ice and other suitable non-toxic refrigerants 

make this process most suitable for relatively expensive products. 

Conclusion 

The importance of pre-cooling is essential part of the proper temperature management of all horticultural 

crops. The objective of pre-cooling is to reduce the temperature of perishable product as soon as possible 

after harvest by removing heat from it. Pre-cooling is the key component in the preservation of quality for 

perishable fresh produce in post-harvest systems. This process lowers the respiration rate and minimizes 

other deteriorative processes and thus helps to maintain quality at a high level. Pre-cooling, when used in 

conjunction with appropriate handling or storage, extends the shelf life or vase life of horticulture produce, 

which results in more satisfied customers at all levels of purchase. 
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The aquatic weed Eichhornia Crassipes commonly known as Water Hyacinth introduced to India during 

British colonial period as an Ornamental plant. This floating aquatic plant is an obnoxious weed that has 

been suffocating surface freshwater sources like rivers, ponds, dams, lakes, irrigation canals and drainage 

systems making the water bodies unsuitable for fishery, transportation, recreation activities, it encourages 

the spread of diseases such as malaria, cholera and bilharzias and also increased evapo transpiration. 

Water Hyacinth can double in volume every 12 to 18 days. This cuts off sunlight as well as reduces oxygen 

level in the water and has become a serious threat to the ecosystem. 

 
Fig 1: Eichhornia Crassipes in water bodies 

The controlling mechanism for water hyacinth includes Chemical, Biological and Mechanical methods. By 

chemical control, the use of herbicides such as glyphosate, diquat and 2,4‐D amine (Wilson and Leonardo 

2019) are more cost-effective and less laborious process. Yet, it can lead to environmental effects as it can 

penetrate into the ground water system and can affect not only the hydrological cycle within an ecosystem 

but also negatively affect the local water system and human health. In biological control, weevil species 

(Neochetina eichhorniae and Neochetina bruchi ) (Sosa et al. 2007, Jayanth 2008), Alternaria eichhorniae  

(Babu et al. 2004) and Aqueous leachate of Lantana camara was found killing water hyacinth (Saxena 

2000).These insects are feed on water hyacinth and reducing the size of water hyacinth, vegetative 

propagation and seed production. 

In mechanical control, machine harvester has the ability to remove easily since water hyacinth is made up 

of about 95 % water and only 5 % solids and it is only considered a short-term solution to this long-term 

problem. But it requires huge investment to carry out mechanical operation in vast area. 

Applications of Water Hyacinth 

Though, the process is very time-intensive and complicated, the plant itself has a fibrous tissue and a high 

energy and protein content, and can be used for a variety of useful applications such as vermi compost, 

compost production and fertilizers. This plant is useful for production of biogas and biofuel; as a source of 

feed for fishes and animals; in vermi composting and compost production. It has been estimated that each 

year one hectare can yield about 100 tonnes of dry water hyacinth, this in turn, can produce 30,000 m3 of 

gas, and that this could satisfy the cooking needs of 40 or 50 rural families (Tyagi and Agarwal,2014).  
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Due to high cost of wheat straw, mushroom farming can be made economical by using water hyacinth for 

preparing substrate. Some other practical applications include making Paper (Mennonite Central 

Committee of Bangladesh has been experimenting with paper production from water hyacinth), Fibre board 

(The House and Building Research Institute in Dhaka), Yarn and rope (Bangladesh) and Charcoal 

briquetting. 

Nowadays, the occurrence of water hyacinth in any lakes and in storage structures is quite common. Apart 

from the loss of ecosystems due to water hyacinth, we could see many practical applications. If government 

takes necessary steps, it will help to maintain the aquatic ecosystem. 
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Introduction 

Late blight is most destructive and most studied disease of potato. Late blight disease of potato is caused 

by oomycetes fungi Phytophthora infestans. This disease occurs later than the early blight disease, so 

named late blight. It was discovered for the first time in Europe in 1845 and has a remarkable capacity to 

adapt to a wide range of environmental conditions where potato cultivation occurs. M. J. Berkeley 

originally identified the pathogen, which Anton de Bary later termed Phytophthora infestans in the 1870s 

(Berkeley, 1846; de Bary, 1876). The scientific community was persuaded by de Bary's (known as the "father 

of plant pathology") conclusive studies that the white sporulation of Phytophthora infestans on infected 

potato plants was the disease's causal agent and not the result of spontaneous generation from decomposing 

vegetation or the wrath of God. Thus, late blight represents the discipline of plant pathology's formal 

inception. The germ theory, which Louis Pasteur postulated 15 years later, benefited from these early 

experiments as well. Late blight of potato is famous for Irish famine. In 1845, Irish famine occurred due to 

late blight of potato and this disease destroyed the entire potato crop. In Ireland 20 lacks people were died 

due to starvation. 

Symptoms 

Symptoms of late blight is appeared late in season, at the time of flowering stage. The first symptoms of 

late blight appeared on leaves and affected leaves produce water-soaked patches that eventually turn dark 

green or black with water-soaked margins. Water-soaked patches quickly grow larger in humid, cool 

weather and a wide yellow halo may be visible around the lesion. These spots generally appear first on the 

lower leaves. When the weather is sufficiently humid or there is morning dew fall, a whitish cottony growth 

of the fungus can be seen surrounding the dark brown or black lesions on the underside of the leaves. The 

lesions turn necrotic and dry up when the weather gets dry.  

Initial symptoms of tuber lesions include irregular and black spots. The colour of the affected portions on 

the tuber's surface might range from pink or purplish to black metallic. The tuber tissues are deeply and 

irregularly penetrated and there is no yellow margin. Internally, the infected tubers are a rusty-brown 

appearance beneath the infected portions. 

Etiology 

Phytophthora infestans belongs to the class Oomycetes. In the 1840s, M. J. Berkeley originally referred to 

Phytophthora infestans as Botrytis infestans. The pathogen was called Phytophthora infestans by Anton de 

Bary in 1876. Sporangia or sac-like structures are produced by Phytophthora infestans on sporangiophores. 

One of the rare species in the genus Phytophthora that is adapted to air dispersal is Phytophthora infestans. 

However, because to desiccation and exposure to sun radiation, sporangia typically do not survive long-

distance travel. They may be distributed to nearby areas. 

Disease Cycle 

Phytophthora infestans persists between potato harvests as mycelium in infected tubers or tomato fruit in 

the absence of the oospore stage. Sporangia are transported to healthy potato foliage by air currents. 

Freshly cut seed tuber surfaces are particularly vulnerable to infections from airborne spores in 

contaminated storage facilities and seed potatoes can occasionally become infected and develop stem lesions 

that can kill the plant. Local infection may happen if infected seed is planted. 
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Management 

1. Use disease resistant variety. Kufri Naveen, Kufri Khasi Garo, Kufri Jeevan, Kufri Alenkar and Kufri 

Moti are the resistant varieties that are advised for growing. 

2. Good drainage and good air movement will help reduce the disease infestation.  

3. Sanitation of field.  

4. Planting of pathogen-free tubers: To be planted should only be certified seed tubers. 

5. To manage late blight, two to three-year crop rotations of non-host crops are advised.  

6. Elimination of overwintering inoculum: The most significant source of initial inoculum in the absence of 

oospores is infected tubers from the previous season.  

7. In humid regions, fungicide sprays are a crucial aspect of managing late blight. To protect tubers from 

infection, protective spraying with mancozeb or zineb 0.2% should be carried out.  

8. Spray of Metalaxyl @ 2 kg/ha, 2-3 sprays at 15 days interval are the best fungicide against Phytophthora 

infestans or Oomycetes. 
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Introduction 

Vegetable crops are cultivated and consumed worldwide and leafy vegetables and fruits in individual 

impart a source of nutrients and fibre in the human diet. Wilt pathogen infect the vascular system of the 

plant. The toxin produced by the pathogen can be moved throughout the entire plant along with the plant 

sap. A pathogen invading the roots may cause disease symptoms at the top of the plant. 

Symptoms 

Regardless of the pathogen, vascular wilt shows certain common symptoms. The leaves or other parts of 

the infected plants lose turgidity, turn lighter green to greenish- yellow, droop and wilted, turn yellow then 

brown and die. In cross section of infected stem, discoloured brown areas appear as a complete or 

interrupted ring of discoloured vascular tissues. 

Fusarium Wilt 

Tomato, potato, pepper, brinjal, crucifers (radish, cauliflower, and cabbage), cucurbits (cucumber, squash, 

and melon), beans, and peas are the vegetables that could be affected by Fusarium wilts. 

 
Fig. -1A 

The symptoms in tomato and potato started out as a slight vein clearing on the outer leaflets and a dropping 

of the leaf petioles. 

 
Fig. -1B 

Later the lower leaves wilt turns yellow and die and the entire plant may be killed, often before the 

maturity of the plant. In many cases a single shoot wilts before the rest of the plant shows symptoms or 

one side of the plant is affected first (Fig.-1A & B). If the main stem is cut, dark, chocolate-brown streaks 

may be seen running lengthwise through the stem (Fig 2).This discolouration extends upwards for some 

distance and is especially evident at the point where the petiole joins the stem. 
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Fig. -2 

Potato tuber may show browning of the vascular ring (Fig -3) as well as browning at the stem end and 

decay where stolen are attached. In pepper lower leaves do not begin to wilt until roots and the bases of 

the stem have already started to decay and wilting of the entire plant occurs. Darks brown, sunken and 

eventually girdling cankers may be seen at the base of the pepper plant. In eggplant, wilting starts from 

lower to upper leaves and the entire plant collapse. 

 
Fig. -3 

In case of cucurbits wilting of older plants is often the first symptom. Before diseased plants totally collapse, 

however, they may begin to wilt during the hottest part of the day and recover during the night. Infected 

plants are often stunted and yellowed. Leaves often have dead areas which can mimic nutrient deficiencies, 

Vines killed by Fusarium can be covered with pinkish -white fungal growth in wet weather. 

Verticillium Wilt 

Symptoms of Verticillium wilt vary by host and end environmental conditions. Older leaves are usually the 

first to develop symptoms, which include yellowing, wilting and eventually dying and dropping from the 

plant.  First the bottom leaves become pale then tips and edges die and finally leaves die and drop off. V-

shaped lesionat leaf tips are typical of Verticillium wilt of Brinjal (Fig.-4). 

 
Fig. -4 

Infected plants usually survive the season but are somewhat stunted and both yield and fruit may be small 

depending on severity of attack. A light tan discolouration in the stem usually confined to lower plant part 

may be found. The discoloration typically lighter in colour than with Fusarium wilt. Sometimes symptoms 

on only one side of the plant are seen. In potato the pathogen may be part of a complex that include the 

root lesion nematode and the bacterial soft rot organisms resulting in premature plant death “Potato early 

dying disease”. Tubers from Verticillium- infected plants may show light brown vascular discoloration 

usually restricted to the stem end. In pepper, the lower leaves wilt then leaf tip and margin drying and 

turn brown. Brown streaks in the vascular tissue can be observed well up into the plant which rapidly 

collapses and die (fig.- 5). 
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Fig. -5 

Cause and Condition for Disease Development 

Fusarium wilt in vegetable crops is caused by different type of the fungus Fusarium oxysporum. These are 

F. oxysporum f. lycopersici (tomato), F. oxysporum f. sp. melongenae (Brinjal) and F. oxysporum var. 

vasinfectum (pepper). Fusarium wilt in potato is caused by a complex of up to four different Fusarium spp. 

All of the Fusarium wilt pathogens are soil borne and are generally host specific. Verticillium wilt is caused 

by the Verticillium albo - atrum and Verticillium dahliae.  Fusarium wilt pathogens favour warm 

temperatures (80°F to 90°F), acidic soils (pH 5.0 to 5.5), and high humidity. Initial infections occur through 

wounds in host roots, and then spread throughout the water conducting vessels (xylem tissue) of plants. 

Vascular tissue becomes plugged both by fungal growth and the cellular outgrowths (tyloses) produced as 

a host response to infection. As a result, water movement is impeded in the plugged tissues, and wilting 

occurs. They are soil - borne and can persist for many years. V.albo –atrum is a cool weather organism 

although disease is retarded by the higher temperatures that favour Fusarium wilt. Visible symptoms may 

appear to be more severe when high temperatures exist, due to restricted water movement in the plant 

brought by damage done to the water conducting vessels earlier in the growing season. 

Management 

Several procedures have been followed to control Fusarium wilt in the green house and in field conditions. 

Resistant cultivars have been most efficient way of control wilt disease of tomatoes (Backman, 1987). 

1. Practices a long crop rotation (4 to 6 years) with cereals and grasses to reduce populations of pathogen, 

2. Apply field sanitation. Remove infected plant materials after harvest. 

3. Seed treatment with 5g Trichoderma viride formulation Mix 2 kg T.viride formulation mixed with 50kg 

FYM, sprinkle water and cover with a thin polythene  sheet. When mycelia growth is visible on the heap 

after 15 days, apply the mixture in  an area of one acre. 

4. Seed treatment with Carbendazim50WP @2.5 g/kg seed. 

5. Soil drenching with 0.01% Carbendazim 50 WP or 1% Bordeaux mixture or Blue copper or Fytolan 0.25% 

may give protection. 

6. Use of resistant varieties. 
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Introduction 

Barnyard millet is commonly known as “madira” and “sawa”. Out of twenty species of Echinochloa only 

two (E. frumentacea and E. crusgalli) are cultivated. It is grown for grain in Australia, Japan and other 

Asian countries. In the United States, it is grown primarily as a forage crop. In China and Japan, it is 

grown as a substitute crop when the rice crop fails. In India barnyard millet is cultivated in Uttarakhand, 

Tamil Nadu, Chhatishgarh Jharkhand and Himachal Pradesh. 

 

It is very drought resistant but is also capable of withstanding water logging conditions. It is generally 

grown as a rainfed crop. Barnyard millet grains are consumed just like rice. They are also used in making 

rice pudding (kheer). The grain is eaten mostly by the poor classes. It is also used as feed for cage birds. 

The straw makes good fodder for cattle. Its green fodder is very much relished by cattle. It can be easily 

grown on those lands on which rice cultivation is not possible. Generally, it’s cultivation done after the 

harvest of potato, mustard and rai. 

Nutritional Aspect 

The local super food, barnyard millet provides us not only a high fiber food bust also the most of elements 

required in diet. It also has medicinal use in regulating body weight and reduces blood sugar level. It acts 

as very good antioxidants. The protein content in millet is very close to Rice. The digestibility of protein is 

40 per cent. Millets are rich in B vitamins, especially niacin, B6 and folic acid, calcium, iron, potassium, 

magnesium and zinc. As none of the millets are closely related to wheat, they are appropriate foods for 

those with celiac disease or other forms of allergies of wheat.  

Millets Nutrition Facts per 100gms: 

Crop / Nutrient Protein 

(g) 

Fat (g) Crude 

Fiber (g) 

Minerals 

(g) 

Iron 

(mg) 

Calcium 

(mg) 

Calories 

(kcal) 

Barnyard Millet 11.6 5.8 14.7 4.7 18.6 14 309 

Rice 6.8 0.5 0.2 0.7 1.8 10 345 

Wheat 11.8 1.5 1.2 1.5 3.5 41 346 

Source: National Institute of Nutrition (NIN), Hyderabad., Anbukkani et al 2017 

Improved Varieties 

The most important factors to consider in selecting a variety are maturity and lodging potential. Seed color 

may also be important if grain is to be used for bird feed. Characteristics of individual millet varieties 

follow: 
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Variety Release year  Days to mature Yield (q/ha) 

VL Madira 207 2008 80-90 16-18 

PRJ-1 2003 115-120 23-25 

VL Madira 181 2001 70-80 16-18 

V.L. Madira172 2000 75-80 22-23 

VL Madira 21 1990 80-90 25-30 

VL Madira 29 1988 85-90 25-26 

VL Madira 8 1982 85-90 18-20 

Cropping System 

Barnyard millet - Lentil 

Barnyard millet – Pea 

Barnyard millet- Wheat  

Barnyard millet- Fallow 

Barnyard millet + Rice bean- Wheat 

In hills of Uttarakhand, if we grow barnyard millet with rice bean 4:1 and 2:1 as intercrop, there is increase 

in yield of Barnyard millet. 

Climatic Requirements: Barnyard millet is a drought tolerant crop and hence is grown as a rainfed crop. 

It can be grown successfully under partially water-logged conditions. It is grown from sea level to an 

altitude of 2000 meters on the Himalayan slopes. Warm and moderately humid climate is good for raising 

barnyard millet crop. It is a hardy crop and is able to withstand adverse conditions of weather better than 

other cereals. 

Soil: Barnyard millet is generally cultivated in soils of marginal fertility. It can be grown in partially water 

logged soils such as low lands on the banks of rivers etc. But it thrives best on sandy loam to loam soil 

having sufficient amount of organic matter. Gravely and stony soils with poor fertility are not suitable for 

raising barnyard millet crop. 

Field Preparation: Since it is cultivated in very light and marginal soils, the land is given only a limited 

preparatory cultivation. Two ploughings with local plough or harrowing followed by planking are sufficient 

to prepare the seedbed for barnyard millet. 

Sowing Time 

For Uttarakhand: 

High Hills (1500-2400 meter) First fortnight of April 

Mid Hills (1000-1500 meter) Mid-April to first fortnight of May 

Low Hills (up to 1000 meter) Last week of May to June first week 

Seed Rate 

Line sowing - 8-10 kg/ha 

Broadcasting - 12-15 kg/ha 

Seed Treatment 

Seed Treatment with nitrogen fixing bacteria Azospirillum brajiliance and Agrobacterium radiobactor and 

phosphorus solubilizing fungus Aspergillus awamori 10 g per kg seed help in increasing grain yield. 

Sowing Method 

Row to row distance 25 cm and plant to plant distance 10 cm while depth of sowing is 3-4 cm should be 

necessary for optimum population of 4-5 lacs plant per hectare. 

Nutrient Management 

Nutrient should be applied according to soil testing report. There is general recommendation of Nitrogen 

60kg/ha, phosphorus 40ka/ha and potash 20kg/ha to get good crop. 
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In case of organic farming in Uttarakhand there is recommendation of 8-ton FYM or 2-ton Vermicompost 

+ 2-ton Chullu compost. FYM, Vermicompost and chullu compost should be mixed properly in the field 15 

days before sowing. If irrigation facilities are available, half of nitrogen should be applied as basal and half 

of the nitrogen should be top dressed in standing crop after 25-30 days of sowing. 

Water Management: Generally barnyard millet does not require any irrigation. However, if dry spell 

prevails for a long period, then one irrigation must be given at the time of panicle initiation stage. It is 

always better if excess water of heavy rains is drained out of the field. 

Weed Management: Important weeds in barnyard millet crop are Galinsoga parviflora, Polygonum 

capitatum, Digitaria ciliaris, Setaria glauca, Oxallis latifolia, and Commelina banghalensis. The field 

should be kept weed free up to 25-30 days after sowing. Two hand weeding, one at 15-20 and second at 30-

35 days after sowing provide good control these weeds. In case of chemical weed control Isoproturon @ 0.5-

0.75 kg ai/ha, just after sowing along with one hand weeding at 30 days after sowing pro. In irrigated area 

spraying of 2,4- D sodium salt @ 0.75 kg ai /ha after crop emergence is recommended. 

Disease /Pest Management 

Disease  

Head Smut Whole ear converted 

in to powder 

-Grow Resistant variety PRJ-1 

-Treating the seed with Agrosan G.N. or Ceresan at the rate of 

2.5 g per kg of seed of hot water treatment (soaking seed in hot 

water at 550C for 7-12 minutes). 

-Remove infested plant 

Grain Smut Grains are swell up 

and convert in to 

black powdery mass 

-Grow Resistant variety PRJ-1 

-Treating the seed with Agrosan G.N. or Cerasan at the rate of 

2.5 g per kg of seed of hot water treatment (soaking seed in hot 

water at 550C for 7-12 minutes). 

-Remove infested plant 

Insect 

Shoot Fly Growing seedlings 

are get demaged 

Resistant variety PRJ-1 

Sowing with the onset of mansoon reduce incidence of shoot fly 

Spray of Imedacloprid @ 3 ml/10 liter water or Monocrotophos 

@1.5 ml/ 10 liter water control shoot fly 

Harvesting 

Crop should be harvested when it is ripe. It is cut from the ground level with the help of sickles in the field 

for about a week before threshing. Harvesting too late increases loss as a result of shattering and lodging. 

Rodents and birds can cause damage during ripening. However, threshing can be done with the help of 

advance machinery like Vivek Millet Thresher. 

Drying and Storage 

Barnyard millet seed should be stored at 13% moisture or less. However, good quality millet seed should 

have a minimum of broken kernels and be relatively free from weed seeds. 

Yield 

With improved package of practices, it is possible to harvest 20-25 quintals of grain per hectare and 70-75 

quintal of straw per hectare. 
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The term ‘’nutraceutical’’ was coined in 1989 by Stephen De-Felicia, it combines two words – ‘’nutrient’’ (a 

nourishing food component) and ‘’pharmaceutical’’ (a medical drug). Nutraceuticals can be utilized as non-

specific biological therapies used to promote general health. The philosophy behind nutraceuticals is to 

focus on prevention, according to the saying by a Greek physician Hippocrates (known as the father of 

medicine) who said ‘’let food be your medicine’’. 

Most of the underutilized fruits are cheap and highly nutritious. Many of the fruits, seeds, leaves of the 

plants are used as curative foods in the traditional Indian medicine and ayurveda (Ajay vino, et al., 2016). 

Scientific reports state that fruits play an important role in treating several diseases. They are useful in 

curing nutrient deficiency diseases. There are several examples available in Ayurvedic literature about the 

role of different fruits in human diet. They are the food products supplemented with herbal ingredients, 

vitamins, minerals and nutrients (Yallesh Kumar et al., 2018). They are now popularly known as 

“Nutraceuticals’, the word first coined in 1996 by Stephen De Felice. 

These are defined as parts of a food or a whole food that have a medicinal or health benefit including 

prevention and treatment of disease. These are bridge the gap between food and medicines. Besides basic 

nutritional value, they provide health and medicinal benefits Excessive free radical concentration in the 

body cause damage to DNA, proteins & natural defense enzymes and may cause health problems. 

Nutraceuticals exhibit antioxidant activity and act as scavengers of free radicals (OH, OOH, OOR, Singlet 

oxygen) that damage our body. (DeFelice, 1996). 

These fruits have both restorative as well as curative properties viz. aromatic, cooling, digestive, stomachic, 

stimulant, astringent, emollient, useful in seasoning, maturation and fermentation of culinary, processed 

food and drinks. There are few other fruits which possess specific properties such as diuretic, diaphoretic, 

sedative or stimulant to nerves, improver of peristaltic movements of intestine and liver ailment, cardio 

tonic, relieving cough, cold, bronchitis, asthmatic spasm, blood pressure etc. 

Some minor fruits contain essential oils in their peel, foliage or roots and exhibit carminative and 

germicidal properties. In addition to their therapeutical values, these fruits provide nutrition, strength and 

vigour to our body and restore loss of minerals and amino acids, thus protecting it against many deficiencies 

and diseases. 

Some of the other minor fruits found in the regions are fairly good source of ascorbic acid viz. Artocarpus 

spp. Bael, Wood apple and Amla were found to be rich source of calcium (Singh et al., 2003; Mazumdar, 

2004, Abhishek et al., 2017). The medicinal value is subordinated to the nutraceutical value and certain 

minor fruits might have medicinal qualities, one of the possible functions of nutrients being also the 

therapeutic one.  

Currently underutilized food sources ranging from minor grains and pulses, root and tuber crops and fruits 

and vegetables to non-timber forest products have the potential to make a substantial contribution to food 

and nutrition security, to protect against internal and external market disruptions and climate 

uncertainties, and lead to better ecosystem functions and services, thus enhancing sustainability (Keatinge 

et al., 2010). 
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Introduction 

Covid-19 is a respiratory disease caused by the virus SARS-COV-2, was identified for the first time in 

Wuhan, China in Dec 2019 and quickly spread to other parts of the world. Closing the borders was the first 

to stop the spread of corona, followed by the complete lockdown and limiting the opening of business. 

Covid-19 pandemic have caused huge negative impacts on population, health, education and different 

sectors of economy like, industry, agriculture, stock market, employment and truism etc. It has been two 

years since the COVID-19 pandemic penetrated the deepest core of human civilization and made us realize 

the power of Mother Nature. The economic impact of the COVID-19 pandemic in India has been largely 

disruptive. India’s growth in the fourth quarter of the Fiscal year 2020 went down to 31% according to the 

ministry of statistics, on May 31st, the Indian government released the data for the GDP that during the 

financial year 202-21, GDP contracted by 7.3%. It the most sever contraction from the time India got its 

independence. 

Factors Affecting the Indian Economy 

1. Capital market and commodity exchange Market 

2. Political changes 

3. Currency exchange rate trends 

4. Demographic transition 

5. Energy and Oil 

6. Monetary policy 

7. Fiscal Policy. 

Impact on Unemployment 

The rate of unemployment has been increased due to the lockdown imposed due to raise in the COVID 

cases.  Due to the strict lock down and closing of border people were migrating towards their respective 

native places, this leads to the decline in the economic activities of the country. So, there is no business and 

money transaction which creates the unemployment. The unemployment rate in March 2020 was 21.73%, 

23.14% and 21.11% India, Urban and Rural respectively. And in the year April 2021 unemployment rate 

decline to 7.97%, 9.78% and 7.13% India, Urban and Rural respectively. 

 

Impact on Manufacturing Sector 

So many large companies like, TCS, Hindustan pvt Ltd, TATA motors Mahindra and Mahindra were 

stopped their production and operational activities during COVID-19. Decline in the manufacturing of 

products affects the international trade which leads to decline in the demand. 
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Impact on Agriculture Sector 

Farm sector was relatively insulated from lockdown- imposed supply side restrictions but it encountered 

huge demand side problems due to the closure of hostels, restaurants, sweet mart shops, hotels and 

canteens- and no wedding receptions and other public functions. The GOI focused on the demand side 

problems through enhancing state crop procurement, rise in MSP and PM KISAN. 

 

Agriculture- In the farm sector most of the states shown the decline in the production, due the total 

lockdown farmers were unable to attend the agriculture activities during the proper season of the particular 

crop, so they could not get desirable yield and desirable price in the market. 

Horticulture- As horticulture crops are perishable, crops were adversely affected during the COVID-19 

some of the states shown the highest decline in the production. Himachal Pradesh, Chhattisgarh, and TN 

faced the highest decline of 18%, 17.9% and 13.9% respectively. 

Poultry- The fall in the production levels in poultry could be directly affect to the lower demand for the 

poultry product. Due to widespread fear that COVID-19 virus may spread through poultry birds. 

Conclusion 

The COVID-19 pandemic creates the severe economic hardships, especial for young individuals, as India 

has large share of young people and pandemic put them at long term unemployment. Due to lock down in 

the country manufacturing industries reduced the production and operational activities. Apart from this 

closing of borders restricted the movement of goods from one place to another. 
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Technology in the recent years has significant influence in every facet of people’s lives. Various sectors have 

been dramatically transformed and like many other sectors agriculture is also transforming. The term 

internet of things (IoT) was coined by Kelvin Ashton in 1999, but the IoT was born between 2008 and 2009 

at the point when more things or objects were connected to Internet than people. IoT has been implemented 

in agriculture for monitoring plants, soil, greenhouse gases, animals etc. (Patil et al., 2012). Nanotechnology 

based sensors has greater importance in IoT based agriculture. 

Nanotechnology 

The concept of nanotechnology was given by Richard Feynman in 1965 in his famous speech titled There 

is plenty of room at the bottom. Nanotechnology is the engineering of functional systems at the molecular 

scale. In its original sense, Nanotechnology” refers to the projected ability to construct items from the 

bottom up, using techniques and tools being developed today to make complete, high-performance products. 

(Nayyar et.al., 2017). Nanotechnology provides intelligent solutions in diverse areas such as biomedical, 

industrial, and military fields, along with consumer and industrial goods. It can be combined with IoT to 

develop a physical network, composed of nano materials that facilitate the exchange of data through various 

components communicating with each other at nano level. This integration is known as Internet of nano 

things.it has revolutionized various fields i.e., medicine, agriculture, and other sectors into a new 

dimension. 

Role of Nanotechnology in Agriculture 

Nanotechnology and nanomaterials in agriculture aim to reduce the amount of sprayed 

chemicals by smart delivery of active ingredients, minimize nutrient losses in fertilization and 

increase yields through optimized water and nutrient management. Nano capsules, nanoparticles, nano 

emulsions, and viral capsids are main plant production products and fertilizers based on nanotechnology. 

They are used as the smart-delivery systems of active ingredients for disease and pest control in plants or 

for the delivery of nutrients to plants. Nano fertilizers have broad application today. The main 

representatives are nitrogen fertilizers, potash fertilizers, nanoporous zeolite, zinc nonfertilizer, 

nonherbicide, nanopesticide (Rameshaiah et al., 2015). 

Precision Agriculture 
The use of IoNT in agriculture will lead to development of several precision farming applications and with 

the live implementation of Nano-Sensors based Nano devices will lead to efficient environment monitoring, 

crop growth and even animal monitoring. With the development of Wireless Nano Sensor Network (WNSN) 

various agriculture activities can be performed like Grass Monitoring, Animal Health and Feed 

Management, Agriculture Field Condition Monitoring and Effective monitoring of usage of Pesticides and 

Insecticides in the agriculture field. Nano materials can be prepared using ecofriendly products with higher 

efficiency and long-lasting effect. these materials play a key role to minimize GHG emission to the 

atmosphere, a particularly significant decrease in releases amounts of carbon dioxide (CO2), nitrous oxide 

(N2O), and methane (CH4) from the agriculture field and helps in sustainability. It is possible to create 

nanomachines that can carry out basic computing, sensing, and actuation activities. Nano machines can 

also be the basis for the creation of nano robots, nano processors, and nano clocks. For the delivery of DNA 

(deoxyribonucleic acid) or RNA (ribonucleic acid) to plant cells, for their genetic alteration, or to stimulate 

defense responses, induced by pathogens, nanomaterials can be utilized. 
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Nanomaterials from a Plant 

By processing leftover agricultural products, modified plants, or microbes, nanomaterials can be created. 

Internet of nano things has its role in dairy farming. Through nano technology it is possible to manage 

health and feed of an Animal through nano scale drug delivery system and by improving the nutrient profile 

of feedstock through nano nutrients. 

Conclusion 

Precision farming is the key for ensuring agriculture sustainability. And through nanotechnology precision 

farming has become an easy task. In the near future, the advancement of nearly all fields will be 

significantly impacted by the development of nanotechnologies, nanomachines, IoT, and Internet of nano 

things (IoNT). 
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Nanotechnology 

Arecanut (Areca catechu L.) is an important commercial plantation crop belongs Palmaceae family. The 

economic part of the palm is known as arecanut or ‘betel nut’ and is mainly used for masticatory purpose 

in many parts of Asia. India is the largest producer ranks first in area and production in the world, about 

a 16 million people depending on arecanut industry for their livelihood. This nut also plays a significant 

role as pharmaceutical in Ayurveda and in Chinese medicinal practices. In India, is majorly grown in the 

southern and north-eastern parts of the country, which includes Karnataka, Kerala, Tamil Nadu, West 

Bengal and Assam, which shares 90 percent of the total area and production.  However, Karnataka stands 

first in area, productio, and productivity, with an area of 5,00,000 hectare with a production of 950 MT with 

a productivity of 1900 Kg ha-1 which is higher than the average country’s productivity. 

Arecanut production is majorly impaired by various biotic and abiotic stresses. Among the biotic stresses, 

leaf spot disease is caused by Colletotrichum gloeosporiodes is becoming more devastating and destructive 

to the arecanut planation and which results in the complete death of the leaf either individually or for the 

whole plantation, which accounted for about incidence of 12-62 per cent. This disease is a serious problem 

in all over the arecanut growing regions of Karnataka, Kerala and North-Eastern states of India. 

Symptoms of Leaf Spot Disease of Arecanut 

Initially, the disease symptoms on leaves were water-soaked, dark brown spots with light yellow halo, the 

spots also observed on leaf sheath and fruits/nuts, which enlarged and coalesced. With time, lesions may 

also become slightly sunken, often leading to a raised rim on affected foliage, leaf sheath and fruit. In 

advanced stages of lesion development, and under favourable environmental conditions, fruiting bodies 

may be observed on dead tissue in the centre of spots. Under high-humidity conditions, complete defoliation 

of leaves observed. 

  
Spots on leaves Leaf spot infected arecanut palm 

Etiology 
Colletotrichum gloeosporiodes is the predominant species causing anthracnose or leaf spot or leaf blight in 

nurseries as well as main field in various crops, particularly in tropical and subtropical regions. It has a 

very wide host range, almost every crop grown throughout the world is susceptible to one or more species 

of Colletotrichum. The genus is associated with economically significant diseases of cereals and grasses, 

legumes, vegetables and perennial crops, including tree fruits. Recently, the genus Colletotrichum was 

nominated as the eighth most important group of phytopathogenic fungi in the world, based on perceived 

scientific and economic significance. 

Favourable Conditions for Diseases Development 

1. The disease development depends not only on the presence of the pathogen but also on agronomic 

management practices and environmental factors, such as temperature (25-30 °C being optimal), rainfall, 
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duration of wetness period, growth stage and high humidity of above 95 per cent for conidial germination 

and appressorium formation. 

2. Infected crop residues and high level of inoculum left in the field i.e infected crop residues in the field. 

3. The conidia are dispersed locally from infected plants by rain splashes before being disseminated further 

by wind. 

Integrated Management of Leaf Spot Disease 

1. Good sanitation practices and removal of severely infested plants parts. 

2. Selection of disease-free seedlings. 

3. Avoid overhead watering or sprinkler irrigation if possible. 

4. Provide good air circulation within the plant canopy by maintaining proper plant spacing. 

5. Apply recommended dose of fertilizers or soil test-based nutrients and avoid excess or insufficient 

fertilization to manage healthy status of the plants 

6. Apply Trichoderma enriched farm yard manure or vermicompost @ 10-15 kg per plant. 

7. Apply biocontrol agent Trichoderma sp. 5g L-1 of water or Pseudomonas fluorescens 5g L-1 of water at 15 

days intervals for two time. 

8. Application of propiconazole 25% EC @ 1 ml L-1 of water or Tebuconazole 38.9% SC @ 1 ml L-1 of water 

or Hexaconazole 5% @ 1 ml L-1 of water or Carbendazim 12% + Mancozeb63% WP @ 2g L-1 of water.  

Note: Based on the severity of the diseases apply above fungicides at 20-25 days intervals by using 

fungicides with different mode of action. 
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Introduction 

The Protray nursery is an upcoming technique for quality vegetable seedling production, where seedlings 

are produced under shade net and such seedlings have better germination, appears healthy and are 

protected from pest and diseases and build up well developed root system within 25-30 days. The benefits 

of protray nursery includes production of pest free quality seedlings, having independent area for each 

seed, improved seed germination, better root development, minimized seedling mortality and damping off 

disease, provides uniform, healthy and early maturity, easy handling and cheaper transportation and good 

main field establishment and crop stand. Since the hybrid seeds are expensive, this method helps to reduce 

cost by minimizing the seed wastage. 

Rooting Media 

Well sterilized and decomposed coco peat was used as a rooting media, which prevented damping off disease 

in the nursery and also possessed high water holding capacity and good texture, improved air circulation, 

encouraged seed germination and root growth. 

Procedure for Raising Hybrid Vegetable Seedlings 
First the protrays for raising seedlings were disinfected by dipping in copper fungicide solution prepared 

by mixing 3 g chemical per liter of water. Protrays were filled with rooting media coco peat @ 1.25 – 1.5 kg 

of coco peat per tray. Small depressions were made in the centre of each cell in the protray and one seed 

per cell was sown and covered with same media. 10 trays one over the other was kept and covered with a 

plastic sheet and left for about 3- 4 days. This helped in increasing temperature of media, maintained the 

humidity level and also enhanced the seed germination. Raised beds were prepared having 110 cm width, 

15 cm height and convenient length with slope on both the side. 2 ft space was left for watering. The beds 

were then mulched with black or blue colored plastic sheet which avoided the penetration of seedling roots 

in to the soil. The trays were arranged 5 days after sowing (DAS) in double row over mulched beds and 

watered once in a day. The seedling growth was encouraged by foliar application of water-soluble fertilizers 

19:19:19 @ 3 g/ lt on 12 and 20 DAS. Watering was stopped 2 days prior to sales, this practice helped in 

hardening the seedlings. The seedlings were ready for selling in 25 to 30 days. 

Process of Raising of Seedlings in Pro-Trays 

  
1. Rootingmedia- Coco-peat 2. Filling of Coco-peat in Pro-trays 
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3. Small depressions made in Pro-trays 4. Sowing of seeds in Pro-trays 

 

 

5. Seeds sown in Pro-trays 6. Pro-trays are kept over the other and 

covered with plastic sheet for better 

germination 

  

7. Uniform Germination of seeds in Pro-trays 8. Seedlings ready for Transplanting in the 

main field. 
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Introduction 

The practice of using plastic for growing vegetables is known as plasticulture. It includes raised beds, 

plastic mulch, drip irrigation, soil fumigation, Spraying pumps, irrigation, nursery pot, the packaging of 

agricultural products and the protection of harvests from precipitation. 

 

Applications of Plastics 

1. Plastic mulch: The mulch also protects fruits and leaves from disease by preventing direct contact with 

the soil. Black plastic mulch even helps control weeds. 

2. Drip irrigation: Drip irrigation helps eliminate this problem by frequently supplying small amounts of 

water to maintain a more constant moisture level under the plastic. 

3. Fumigation: Controls weeds, insects, and diseases. This control is an important element of 

plasticulture, because the high temperatures induced by plastic mulch stimulate pest activity. 

Advantages 
1. Production is early and fast: Plastic mulch raises the soil temperature, which helps plants grow more 

quickly and mature earlier. 

2. Reduced fertilizer leaching: Plastic mulch covering the bed (or portion of it) prevents rainfall from 

percolating through the soil and moving nutrients beyond the reach of plant roots. Preventing leaching 

improves the efficiency of production by eliminating the need to make several trips through the field to 

resupply leached nutrients, thereby saving time, fuel, and fertilizer. 

3. Suppress weed growth: Black plastic mulch prevents the growth of most weeds. 

4. Increases plant growth: Plant leaves require CO2, which they get from the atmosphere. When plants 

are grown on plastic, the CO2 released from roots accumulates under the plastic and eventually escapes 

through the holes in which the plants are growing. 

5. Reduced evaporation: Because growth rate on mulch may be twice that on unmulched soil, plants 

may require more water even though evaporation is reduced. 

6. Improves the quality of the produce: Vegetables grown on plastic mulch are cleaner and less subject 

to rots because soil has not been splashed on the plants or fruit. 

https://www.databridgemarketresearch.com/reports/global-drip-irrigation-market
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7. Improves soil structure: Soil under plastic mulch remains loose, friable, and well aerated. Roots have 

access to adequate oxygen, and microbial activity is enhanced. 

8. Better surface water drainage. Excess water runs off the plastic-covered rows and out of the field, 

reducing drowning and other stresses related to waterlogged soil. 

9. Better fumigation. Plastic mulches increase the effectiveness of soil fumigation by retaining fumigants 

in the soil and providing better pest control. 

Disadvantages 

1. High initial investment: Because plasticulture requires an investment in specialized equipment - 

including bed press, mulch layer, and mulch transplanter (or plug-mix seeder) - initial production costs are 

significantly higher than for traditional practices. Yearly costs of plastic and drip tubing further increase 

production expenses. These costs, however, should be offset by increased returns from earlier harvests, 

better quality, and higher yields. 

2. Intensive care and increased management: Plastic mulch and drip irrigation must be monitored 

daily to avoid damage from the equipments and wild animals. 

3. Removal and disposal causes the serious environmental pollution: black plastic mulch does not 

break down and should not be disked into the soil and small pieces may remain in the field for several 

years. 
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Biofortification 

Biofortification is the process of improving the nutritional quality of food crops. This can be achieved 

through agronomic practices, conventional breeding or biotechnology-based approaches like genetic 

engineering and genome editing. Biofortification of staple crops such as rice is intended as a sustainable, 

cost-effective and food-based means of delivering target micronutrients to populations who do not have 

access to or cannot afford diverse diets and other existing interventions such as fortified foods and 

supplementation. Humans have been modifying crops for favourable traits since agriculture was invented 

thousands of years ago. The idea was biofortification, and the lead researcher was Dr. Howarth Bouis – 

now a co-laureate of the World Food Prize. Dr Bouis was one of the CGIAR scientists who had the 

revolutionary idea that dietary quality was just as important as quantit. 

But conventional breeding takes multiple generations and cannot be used to improve on only one specific 

trait. Genetic engineering and genome editing are precise technologies that can streamline the breeding 

process and introduce rice traits that cannot be significantly improved through conventional breeding. It 

makes foods more nutritious as plants are growing rather than having nutrients added to plant foods 

during processing. Biofortification of essential micronutrients into crop plants can be achieved through 

three main approaches, namely transgenic, conventional, and agronomic, involving the use of 

biotechnology, crop breeding, and fertilization strategies, respectively. 
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Biofortification increases the nutritional value of crops through either selective breeding or genetic 
modification Instead of adding nutrients to the food after harvesting, as in staple food fortification, the 

plants themselves are altered so that they produce these nutrients. Selective breeding begins with a plant 

variety that already contains some amount of the vitamin or mineral of interest. These plants are then 

bred to generate plants that have higher levels of the compound, and the process is repeated over many 

generations to develop a plant variety with desirable levels of the compound. Selective breeding has 

produced multiple plant strains with improved nutritional value, but it’s not always an option. For crops 

that are difficult to breed, genetic modification may be a better option than selective breeding. Since it’s 

such a popular staple crop, rice is a good target for biofortification; however, rice plants do not contain any 

vitamin A or vitamin A precursors, so selective breeding of rice cannot be used to prevent VAD. 

Breeding Methods for Biofortification 

1. Selective breeding – This is the conventional method which requires crops which have naturally 

occurring high nutritious value -to be crossbred with high-yielding varieties. The development of the hybrid 

varieties must be monitored by nutritionists to check whether the improved levels of nutrients can be used 

by the consumers and how these levels are affected by storage, processing, and cooking of the food crop. 

2. Genetic modification – Altering the genetic makeup of a crop by introducing foreign genes from the 

wild crop of same species or other species that code for the increased production of certain nutrients or 

disease resistance could make the host crop rich in nutrients and increase its quality. Alternatively, 

different genes which code for different nutrients can also be stacked in a crop to make it rich in a wide 

variety of nutrients. One of the most glorious examples is that of golden rice which has been enriched with 

beta-carotene, a precursor of Vitamin A. 

List of Biofortification Crops 
1. Iron-bio fortification of rice, beans, cassava, legumes and sweet potato. 

2. Zinc-bio fortification of rice, beans, maize sweet potato, and wheat. 

3. Provitamin A carotenoid-bio fortification of cassava, maize, and sweet potato 

4. Amino acid and protein-bio fortification of cassava and sorghum. 

Genetics of Golden Rice 

Golden rice was created by transforming rice with two beta-carotene biosynthesis genes:  

1. psy (phytoene synthase) from daffodil (Narcissus pseudonarcissus)  

2. crtI (phytoene desaturase) from the soil bacterium Erwinia uredovora. 

(The insertion of a lcy (lycopene cyclase) gene was thought to be needed, but further research showed it is 

already produced in wild-type rice endosperm.) 

The psy and crtI genes were transferred into the rice nuclear genome and placed under the control of an 

endosperm-specific promoter, so that they are only expressed in the endosperm. The exogenous lcy gene 

has a transit peptide sequence attached, so it is targeted to the plastid, where geranylgeranyl diphosphate 

is formed. The bacterial crtI gene was an important inclusion to complete the pathway, since it can catalyse 

multiple steps in the synthesis of carotenoids up to lycopene, while these steps require more than one 

enzyme in plants. The end product of the engineered pathway is lycopene, but if the plant accumulated 

lycopene, the rice would be red. Recent analysis has shown the plant's endogenous enzymes process the 

lycopene to beta-carotene in the endosperm, giving the rice the distinctive yellow colour for which it is 

named. The original golden rice was called SGR1, and under greenhouse conditions it produced 1.6 µg/g of 

carotenoids. 

Golden Rice 2 

In 2005, a team of researchers at Syngenta produced Golden Rice 2. They combined the phytoene synthase 

(psy) gene from maize with crtl gene from the original golden rice. Golden Rice 2 produces 23 times more 

carotenoids than golden rice (up to 37 µg/g) because psy gene of maize is the most effective gene for 

carotenoid synthesis, and preferentially accumulates beta-carotene (up to 31 µg/g of the 37 µg/g of 

carotenoids). 

https://byjus.com/biology/nutrients/
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Benefits of Biofortification 

The Green Revolution and related movements in India were focussed on eradicating hunger from the 

country. As a result of the Green Revolution, the country has increased the production of food grains and 

is largely self-sufficient. There are various schemes and measures undertaken by the government to ensure 

that the population gets enough food intake in terms of the calorific value. 

However, the current focus is on increasing the nutrient content of the food intake. Despite having ‘enough 

to eat’, many people are not getting enough nutrients in their food intake. This causes the problem of 

‘hidden hunger’. 

Hidden Hunger is the Term Used to Describe the Deficiency of Micronutrients Such as 

Zinc and Iron 

According to many researchers, hidden hunger can be solved by biofortifying food crops. 

1. Biofortification helps in achieving overall health improvement in the people. 

2. Such crops are more resilient to diseases, pests, droughts, etc. and provide better yields. 

3. It offers a food-based, sustainable and low-dose alternative to iron supplements. 

4. It has the potential to reach the poorest section of society (who cannot afford food supplements) and will 

also benefit farmers. 

https://byjus.com/free-ias-prep/green-revolution/
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5. It is highly cost-effective since once the initial research is done, the process can be easily replicated and 

scaled. 

6. Biofortification done through non-genetically modified methods (like traditional plant breeding done in 

India) is a better alternative then introducing GM crops that face implementation barriers. 

7. In a country such as India, that faces huge nutritional challenges, biofortification is a sustainable, cost-

effective method that can help resolve this challenge. 

a. Various studies and reports show that India faces a huge challenge in the form of undernutrition. 

b. Anaemia and iron deficiency are problems pervading society especially the economically weaker 

sections and women. 
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Introduction 

Suitable nutrition is a critical element in the prevention of numerous diseases related to civilization 

condition. The leading killer diseases due to unhealthy food today are cancer, depression, diabetes, and 

coronary heart disease (CHD) (Wang et al., 2016). However, the main challenge today, and even in the 

future, will be providing people with enough, safe, and healthy food. Foods from animals and fish, which 

contain essential ingredients such as protein, unsaturated fat, and minerals, will be incredibly scarce. With 

increased health awareness globally as a result of an increase in the number of non-communicable diseases, 

the demand for a healthier lifestyle through the consumption of foods that prevent and control these non-

communicable diseases has increased (Berner et al., 2014). 

Chia seed is not a new food for humanity. The seed has been used in many different areas since the Aztecs, 

especially the food items. Chia seeds in Tanzania used in raw form and added to drinking water, fruit 

juices, blending with other cereals for the formulation of composite flour and occasionally taken as 

nutritional supplements. The crop is increasingly earning popularity in East Africa because of its economic 

and human-health benefits. The chia seed is becoming increasingly important because of its nutritional 

and functional properties and it is described as “the seed of the 21st century” and “new gold and super 

nutrient”. The main chia producing countries are Bolivia, Ecuador, Guatemala, Mexico, and Peru (Ixtaina 

et al., 2008). It has been a significant food crop in the Aztec, Mayan, and current indian civilizations. 

Botanical Characteristics 

The chia seed is an oilseed that is native to Central and South America. It is considered as a pseudo-cereal, 

which is cultivated for different usage and commonly grown in several countries. The shape of the chia seed 

is flat and oval. It is 2.0-2.5 mm long, 1 to 2 mm wide, and 0.8-1.0 mm thick (Ixtaina et al., 2008; Suri et 

al., 2016). The colour of the coat of the seed varies from grey, black- and white-spotted, which are slightly 

different from each other. However, black seeds are more common, and white seeds are slightly larger than 

black seeds (Ixtaina et al., 2008 and Ayerza, 2013). Chia seeds reported to contain protein (15-25%), fat (15-

35%), ash (4-6%) dietary fibre (18-35%) and carbohydrates (18-31%). Furthermore, in several developing 

countries, both micronutrient malnutrition (MNM) and protein-energy malnutrition (PEM) have increased, 

particularly among children. 

The Chemical Composition of Chia Seeds 
1. Chia seeds are ascribed high nutritive value particularly with higher contents of dietary fibre and fat 

(Table 1).  

2. Chia seeds contain approximately 30–34 g dietary fibre, of which the insoluble fraction (IDF) accounts 

for approximately 85–93%, while soluble dietary fibre (SDF) is approximately 7–15%. In terms of dietary 

fibre content, chia seeds exceed dried fruits, cereals or nuts (Figure 01).  

3. It is characterised by high contents of polyunsaturated fatty acids, mainly -linolenic acid (ALA), which 

accounts for approximately 60% all fatty acids. Linoleic, oleic and palmitic acids are found in lower 

amounts.  

4. Chia seeds have greater contents of omega-3 acids than flaxseed. We also need to stress the advantageous 

ratio of omega-6 to omega-3 acids, which is approximately 0.3:0.35. 

5. Proteins in chia seeds are also rich in endogenous amino acids, mainly glutamic and aspartic acids, 

alanine, serine and glycine and more to be stressed that chia seeds are gluten-free such as used for diabetic 

patients. 

6. Moreover, chia seeds supply many minerals, with phosphorus (860–919 mg/100 g), calcium (456–631 

mg/100 g), potassium (407–726 mg/100 g) and magnesium (335–449 mg/100 g) found in greatest amounts 
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also contain the vitamins, mainly vitamin B1 (0.6 mg/100 g), vitamin B2 (0.2 mg/100 g) and niacin (8.8 

mg/100 g) 

Table 01: Proximate composition of chia seeds. 

Country of region Protein Fat Ash Carbohydrate Dietary fibre 

Salta, Argentina 15-25 30-33 4-5 26-41 18-30 

Ecuador, Brazil 20-24 16-33 3.5-4.6 - 27-36 

India 15-23 25-34 - 37-45 23-35 

 
Figure 01: Basic composition of chia seeds 

Health Benefits of Chia 

Current trends in healthier nutrient-dense foods show chia seeds are becoming more popular to researchers 

because of their nutritional composition, and benefits to the human-health. The human health benefits of 

chia seeds have drawn much attention because of the essential fatty acids and a high level of proteins and 

other components like phytochemicals such as phenolic compounds, flavonoids, tocopherols, steroids, and 

carotenoids. These include increased blood levels, improved blood sugar, lower blood pressure, and 

improvement of the health of guts (Suri et al., 2016).  

1. Chia seeds are frequently used as traditional food in central and southern America. This grain is widely 

consumed for various health benefits to maintain healthy serum lipid levels, particularly for the presence 

of the phenolic acids and omega 3/6 oil. 

2. Ingestion of 25 g/day of milled chia seed compared to whole chia seed or placebo during 10 weeks by 

overweight women increased the concentration of ALA and eicosapentaenoic acid (EPA) in plasma, but had 

no influence on inflammation or factors that increase the risk of disease using both traditional and 

metabolomics-based measurements. 

3. Chia has possible effectiveness for allergies, angina, athletic performance enhancement, cancer, coronary 

heart disease, heart attack, hormonal/endocrine disorders, hyperlipidemia, hypertension, stroke, and 

vasodilatation. 

4. Chia seed has 2.3, 2.6, 8.3, and 9.8 times more fiber per 100 g of edible portion than wheat, oat, corn, 

and rice, respectively. 

Uses Health Benefits 

Whole seed  

 

• Direct consumption 

• Ingredient in production of breads, 

cookies, bars, baked goods, granolas, 

and others 

• Feed ingredient 

• Chia is rich in total dietary fiber 

with good relation of insoluble to 

soluble fiber 

• Helps in reducing 

cholesterolemia, modification of 

the glycemic and insulinemic 

responses, changes in intestinal 

function, and antioxidant activity 
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• TDF has also technological 

functionalities as a fat-binding, 

gelforming, chelating, and 

texturizing agent 

Lipids, 

proteins, 

and fiber 

compounds 

 

• Encapsulated oil and fractions rich 

in alpha-linolenic and sterols 

• Potential source of protein fractions 

with functional properties, i.e., films 

and emulsifying agent 

• Potential source of bioactive 

peptides 

• Potential source of mucilage or 

soluble fiber with functional 

properties, i.e., films and 

emulsifying agent 

• Ingestion alpha-linolenic and 

cardiovascular protective factor 

• Soluble fiber intake regulatory 

factor triglyceride and cholesterol 

decreased inflammatory 

responses, help bowel transit 

• Proteins as protecting agents 

against oxidative processes 

Antioxidant 

compounds 

 

• Production of formulated 

nutraceuticals  

• Potential source of antioxidants, 

kaempferol, quercetin, chlorogenic 

acid 

• Protective factor against free 

radicals and oxidative processes 

delay 
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What is Parthenocarpy? 

Noll (1902) coined parthenocarpy. Parthenos-VIRGIN, Carpy-FRUIT. Fruits without pollination and 

fertilization is called parthenocarpy. A plant is known to be parthenocarpic plant when its fruits are 

completely devoid of seeds or contain a very minute number of seeds or present aborted seeds. 

Ideotype of Parthenocarpic Trait (Rotino et al., 1999) 
1. Production of marketable fruits without pollination. 

2. Percentage of fruit setting under adverse conditions is similar to that obtained under favorable growth 

conditions. 

3. Phenotypic expression of the trait should not display any negative effect on both intrinsic and extrinsic 

fruit quality.  

4. Multi-pistillate parthenocarpic (eg. cucumbers) is also most productive trait which has to be exploited at 

commercial level. 

Based on Nature of their Origin it has Two Types 
1. Natural parthenocarpy: Naturally coccinia and some genotypes of cucumber produce seedless fruits. Low 

temperature (freezing temperature ≤ 5°C) in bell pepper causes the parthenocarpic fruit development. 

According to Fuzhong et al. (2005) the temperatures that induce parthenocarpy range from 7 to 10°C in 

Brinjal.  

2. Artificial parthenocarpy: obtained by use of plant growth regulators, distant hybridization, mutation, 

alternation in chromosome number and biotechnological tools. 

Use of Plant Growth Regulators 

In absence of natural or genetic parthenocarpy alternate method should be adopted to have seedless fruit. 

Parthenocarpy have been induced in many crops (Cucumber, tomato, bottle gourd, brinjal, cucurbits, 

watermelon etc.) by exogenous application of phytohormone, viz. auxins (Elassar et. al., 1974), gibberellins 

and cytokinin (Choudhury and Phatak, 1959). Exogenous application of plant growth regulators on ovary 

increased its internal auxin (IAA) content which triggered rapid cell division and cell enlargement resulted 

in parthenocarpic fruit set. Krishnamoorty (1981) reported that the cytokinin influences the direction of 

transport of organic metabolites and minerals and their accumulation in the cell, which enhances fruit 

growth. 

Distant Hybridization 

Hybridization between individuals from different species belonging the same genus (interspecific 

hybridization) or two different genera of same family (intergeneric hybridization) is termed as distant 

hybridization and such crosses are known as distant crosses or wide crosses. Wild relatives of different crop 

represent a good source of variation for breeding programmes, in particular for traits related to biotic and 

abiotic stresses and also fruit quality traits. The F1 plants with seedless fruits were obtained from the cross 

between cultivated species with that wild relatives or other cultivated species. 

Mutation 

Various radiation treatments, such as helium accelerated ions, gamma irradiation have been used 

successfully to generate parthenocarpic mutants (Sugiyama and Morishita, 2001). Alkylating agents (EMS 

and EES) has been used to generate parthenocarpic mutants of Arabidopsis (fwf) and tomato (Bianchi and 

Soressi, 1969). After pollinating with soft X-ray irradiated pollen the soft X-ray irradiation did not damage 

the cell walls of the watermelon pollen and leading to normal pollination and fertilization. However, the 
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chromosomal double helix of the watermelon pollen was damaged, thereby inhibiting embryotic 

developmental processes, leading to abortion of the embryo and degeneration of endosperm, which lead to 

the production of seedless watermelon. 

Alternation in Chromosome Number 

Unbalanced development of embryo and endosperm in triploid background has been utilized to yield 

parthenocarpic vegetables. Triploid seedless resulted from the cross between tetraploid and diploid. The 

tetraploid produce by the colehicin treatment to growing points of young seedling. As well as interspecific 

hybridization between amphidiploid, maternal parent to diploid, paternal parent and develop seedless 

triploid. 

 

Biotechnological Tools 

Biotechnology offers a wide range of opportunities and easier ways of obtaining parthenocarpic varieties 

than conventional breeding. The processes of seed and fruit development which are intimately connected 

and synchronized, are controlled by phytohormones. The regulatory region(s) of the gene represents the 

most important genetic information to control temporal and spatial expression of the gene of interest. These 

two parameters are relevant both to obtain parthenocarpy and to ensure an optimal expressivity of the 

parthenocarpic trait without affecting the vegetative plant growth. Transgenic approach, gene silencing by 

RNA interference (RNAi) and by antisense RNA technology are powerful tools to interfere with the 

expression of genes. Genome editing technologies include TALENs, ZFNs and CRISPR/Cas9. CRISPR/Cas9 

system is the most popular among the genome editing technologies. For rapid development of new 

parthenocarpic vegetable cultivars is possible only through CRISPR/Cas9. 

Conclusion 

The development of fruits without fertilization is known as parthenocarpy. Parthenocarpy improves the 

fruit quality, processing attributes, production and productivity of vegetable crops like tomato, cucumber, 

watermelon etc. Absence of seeds can enhance the shelf life of the fruits, allowing a better conservation, 

fruit set in adverse climatic conditions, early and offseason production of vegetable crops. Therefore, it is 

important to ensure yield stability regardless of environmental conditions. Breeding of new cultivars with 

the ability to develop fruits without pollination or any artificial stimuli is a promising approach. 

Parthenocarpic vegetables can be natural or can be induced artificially by various methods like, use of plant 
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growth regulators, distant hybridization, mutation, alternation in chromosome number, gene silencing, 

gene modifications and genome editing tools. 
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Introduction 

India stands second in the list of country’s having highest population whereas it holds seventh position in 

occupied land area. Since the land area is limited, it’s a big challenge to feed such a huge population. In 

such situation’s food shortage, Nutrition deficiency etc. are likely to occur. To overcome these problems, the 

concept of agroforestry is being applied nowdays, which integrates the tree component with arable crops 

and livestock on same land so as to minimize the huge gap between the growing demand of food and its 

supply. 

Agroforestry and its Features 

Agroforestry is the management and integration of trees, crops and livestock on the same unit of land and 

can be and can be an integral component of productive agriculture. In simple terms, agroforestry refers to 

sustainable land use system that combines arable crops with tree crops and/or livestock on same land unit. 

 

Its features include: 

a. Multiple outputs with protection of the resource base; 

b. Emphasis on the use of multiple indigenous trees and shrubs; 

c. Suitability for low-input conditions and fragile environments; 

d. The interplay of socio-cultural values more than in most other land-use systems; and 

e. It is structurally and functionally more complex than monoculture. 

The Benefits of Agroforestry 
Past researches have highlighted that Agroforestry can produce substantial benefits both economically and 

environmentally by providing more output and also more sustainable than both agriculture and forestry 

monocultures. 

1. Control runoff and soil erosion 

2. maintain soil organic matter and biological activity at levels satisfactory for soil fertility.  

3. Lead to more closed nutrient cycling than agriculture  

4. Check the development of soil toxicities,  
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5. Utilize solar energy more efficiently than monocultural systems. 

6. lead to reduced insect pests and associated diseases. 

7. employed to reclaim eroded and degraded land. 

8. Agro forestry can augment soil water availability to land use systems. 

9. Nitrogen-fixing trees and shrubs can substantially increase nitrogen inputs to agro forestry systems. 

10. Prunings to the soil at the time of crop planting usually leads to a good degree of synchrony between 

nutrient release and demand. 

11. Economics risks are reduced when systems produce multiple products. 

12. Provide shelter to livestock. 

Agroforestry and Agriculture 

According to Jonah Busch, senior research fellow at the US-based non-profit Center for Global 

Development, “…forests contribute toward the achievement of many Sustainable Development Goals—not 

just climate and biodiversity, but also food security, energy, clean water and health.” 

The report says that forests support sustainable agriculture by stabilizing soils and climate, regulating 

water flow, providing shade and shelter and providing a habitat for pollinators and natural predators of 

agricultural pests. When integrated judiciously into agricultural landscapes, trees can increase agricultural 

productivity. 

“Increasing crop productivity, if paired with direct forest protection measures, can increase both 

agricultural production and forest cover. But without direct forest protection, increasing crop productivity 

can put forests at greater risk by making it more profitable to clear land for crops,” Busch added. 

Agroforestry requires putting the right tree in the right place for the right reason. It mixes agriculture and 

forestry practices to create profitable and sustainable farms, ranches, and woodlands. 

Protected topsoil, livestock, and wildlife habitat. Increased crop yields and profits. Reduced energy and 

chemical inputs. Improved water quality and increased water-use efficiency. These are just a few of the 

potential benefits of agroforestry. Smallholder dairy farmers are using fodder trees for nutritious feed to 

boost milk production. Fertilizer trees which capture nitrogen from the atmosphere and deposit it in soil 

provide a low-cost way for farmers to improve soil fertility and boost crop yield. 

The five popular practices of agroforestry to consider: 

1. Windbreaks are plantings of single or multiple rows of trees, shrubs, or both. 

2. Riparian forest buffers are trees, shrubs, and grasses located next to rivers, streams, and lakes to 

help protect aquatic resources. 

3. Silvopasture combines trees with a livestock operation by managing forage, livestock, and trees on the 

same acreage. 

4. Alley cropping grows crops between maturing trees. 

5. Forest farming grows and protects high-value specialty crops under the forest canopy. 

Conclusion 

Agroforestry bridges the gap that often separates agriculture and forestry. Agroforestry is promoted due to 

its potential for carbon sequestration, soil erosion and runoff control, and improved nutrient and water 

cycling, as well as for offering socio-economic benefits and greater agricultural productivity. Restoring 

degraded forests through agroforestry will help fighting food insecurities, removes pressure on natural 

forests and conserving the soil and environment as well. At farm, watershed, and landscape scales, 

integration of agroforestry practices can transform our agricultural lands into stable, resilient, diverse, 

aesthetic, and sustainable agricultural land-use systems. Agroforestry practices can increase crop 

production, control erosion and sediment, provide multiple crops including wood products, sequester and 

biodegrade excess nutrients and pesticides, moderate microclimates, and diversify habitats for wildlife and 

humans. Agroforestry systems sequester carbon and serve as a renewable energy source. By enhancing the 

production capabilities of rural lands, agroforestry can help revitalize rural communities. 
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https://www.fs.usda.gov/nac/practices/alleycropping.shtml
https://www.fs.usda.gov/nac/practices/forestfarming.shtml


 

 
Volume 04 - Issue 12 - December 2022       386 | P a g e  
 

Diversification and Economic Importance of Pongamia 
pinnata in Indian Sub-Continent 

Article ID: 38134 
Sunandini1 

1Department of Forest Products snd Utilization, College of Forestry, Dr. Y.S. Parmar University of 

Horticulture and Forestry, (Nauni) Solan, Himachal Pradesh – 173230. 

 

 

Introduction 

Pongamia pinnata has been found to be one of the most widely used species and commonly known as Indian 

Beech or Karanj, belongs to the genus Pongamia and family Fabaceae. Fabaceae is one, among three 

subfamilies of Leguminosae i.e., Papilionaceae (Fabaceae), Caesalpinoidae and Mimosae. The Fabaceae 

family is a major source of food and forage with great diversity, and plays an important role economically 

as well as ecologically. The genus Pongamia has only one species which is Pongamia pinnata. The 

Pongamia tree is a host plant for Lac insects. Pongamia tree is a deciduous, medium-sized tree, fast growing 

and reaching upto a diameter of 60 cm. It is a legume having tap root system and symbiotic relationship 

with nitrogen-fixing bacteria which prevents soil erosion. The leguminous roots of tree enrich the soil with 

nitrogen. 

Distribution 

Pongamia pinnata is an Indo-Malaysian species, commonly grown on alluvial and coastal regions from 

India to Fiji, and from sea level to 1,200 m. It is planted in the humid tropical lowlands around the world, 

and has been introduced in Egypt and the United States. It is also found in Australia, India, Florida, 

Hawaii, Oceania, Philippines and Seychelles.  

In India, diverse occurrence and distribution of Pongamia pinnata is reported throughout the country, 

particularly in the Western Ghats. Its variability is also found in Andhra Pradesh and Orissa along with 

altitudinal gradient. It can tolerate salinity and alkalinity frost (Kesari and Rangan, 2010), water logging 

and withstand upto a temperature of 50°C. It is well adapted to adverse soil moisture and climatic 

conditions. Though it is a drought resistant species, prolonged drought conditions may kill seedlings. 

Mature trees require a dry season of 2 - 6 months, where heavy rain is prominent. 

Morphology 
Karanj is a shade bearer and can grow under the shade of other trees. It is rough, grey-brown in color and 

has smooth bark. Height and girth of a plant varies with growth and climatic conditions. Leaves are 

imparipinnate, shiny, pinkish red and mature leaves look glossy and deep green. Terminal leaflets are 

deltoid, orbiculate, lanceolate, obovate, elliptic and ovate. Leaves are also considered as a good source of 

green manure. The tree flowers at the age group 4 - 5 years during the month of March to May. Flowers 

are white, pink to lilac in color, fragrant,cup shaped and pollinated mostly by bees. Flowers are considered 

to have anti-diabetic action. In Indian conditions, seed ripens during the month of February to May and 

pod production starts after 5 - 7 years of sowing. Pods do not open naturally and some seeds may decay 

before their germination. The pods are borne either singly or in clusters, generally bear up to 1 - 3 seeds 

per pod.  

Seeds are compressed, elliptical, 1.7 - 3.0 cm long and 1.2 - 1.8 cm broad. The weight of the seeds varies 

according to the geographical distribution, growth conditions and health status of the plant. Approximately, 

the seed weighs 810 - 1410 seeds per kg, which is equivalent to 530 - 600 seeds per kg (Sunil et al., 2009).  

The P. pinnata seeds contain about 30 – 40 percent oil, which can be used as eco-friendly preservative 

against wood decaying organisms. The Pongamia oil extracted is yellowish orange to brown in color which 

darkens with time. Karanj seed oil contains active metabolites such as karanjin, pongamol, pinnatin and 

glabrin, etc. Karanjin is known to be effective against a large number of insects. Pongamia pinnata seed 

oil has been used for the protection of wood through the heating process. It is one of those nitrogen-fixing 

trees which produce oil from seeds. 
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Pongamia seeds Pongamia seeds oil 

The seed cake left after oil extraction contains 5.1 percent nitrogen (N), 1.1 percent phosphorous (P2O5) and 

1.3 percent potash (K20) which serves as a good animal feed, organic manure for agricultural and 

horticultural crops. It is rich in protein content, but also contains toxic flavonoids including 1.25 percent 

karanjin, and 0.85 percent pongamol alkaloid, resin, sugar and tannin. Karanj oil is a source of bio-diesel 

which is completely biodegradable and non-toxic. 

Economic Importance 

The increased rate of population growth results in more demand for different sources of energy such as 

coal, electricity, natural gas and oil. Also, the high greenhouse effect of fossil fuel has made us look for 

alternative sources. Oil is the most convenient and effective source of energy, as it comes from natural 

phenomena. Among the tree borne oils Jatropha, Pongamia, Neem, etc are listed as the potential sources 

of biofuels. Pongamia, a nitrogen fixing tree has wider acceptability by farmers and adaptability to the local 

environment.  

The various prts of P. pinnata such as flower, seed, leaf and root have been utilized as a source of traditional 

medicines, animal fodder, timber, fish poison, and fuel in India. It is used as a blood purifier, lubricant, 

varnish, water-paint binder and in the soap making industry. Various insecticidal, anti- fungal and 

antibacterial components present in essential oils which make them eco-friendly wood preservatives. It is 

an important species of urban forestry and also traditionally used to package and conserve the freshness 

of hot season fruits like Mango and tender nuts of Palmyra palm. 

The phytochemical constituents present in Pongamia pinnata seed oil are flavonoids, alkaloids, 

carbohydrates, tannins, lignins, saponins, glycosides and fixed oil and fats. The natives and traditional 

people of Chhattisgarh use different parts of Karanj plant as medicine. The oil extracted from seeds of 

karanj is rubbed on skin diseases. The aqueous paste of powdered Karanj roots and barks is being prepared 

and applied externally for joint pains. The roasted karanj seeds are used internally to stop the vomiting. 

Conclusion 

Pongamia pinnata is a leguminous, deciduous, medium sized and nitrogen fixing tree species. The better 

growth of tree prefers alluvial soil and tropical climate. In India, it is widely distributed in Western Ghats. 

Morphologically, pongamia is a shade bearer tree species having smooth bark, shiny deep green leaves, 

white to pinkish flowers and elliptical seeds. The seeds contain approximately 30 – 40 percent oil in which 

bioactive compounds like, karanjin, pongamol, pinnatin and glabrin, etc. are present. These chemical 

constituents have antimicrobial, antifeedant, fungicidal and insecticidal properties. It is an important 

species of urban forestry and also traditionally used to package tropical fruits. The oil extracted from seeds 

can also use for skin irritations, joint pains and to make biodiesels. 
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Introduction 

Black rust, sometimes referred to as stem rust, is a disease that causes problems across the globe. A 

particularly prevalent disease of wheat plants is black or stem rust. In many nations, wheat rusts are 

thought to be the crop diseases that cause the most damage. Epidemics of wheat rust have been documented 

in India's central provinces as early as 1827 and the black rust fungus nearly led to a famine in 1947. The 

most fearsome disease of cereal crops in the past was black rust. Since resistant cultivars have been 

developed, the damage has decreased, but outbreaks could still happen if new pathogen races emerge that 

are resistant to the types of resistance that are currently available. Stem rust still poses a serious threat 

to wheat and barley, and consequently to the global food supply. This is brought on by the basidiomycete 

fungus Puccinia graminis tritici. It is an obligatory parasite that is heteroecious (its life cycle involves two 

separate hosts). The primary host is the wheat plant, while the secondary or alternate hosts are the 

barberry plant (Berberis vulgaris).  

Ancient Greece and Rome experienced a serious problem with wheat stem rust. As far back as Aristotle's 

time, rust was seen and understood (384-322 B.C.). During the springtime event known as the Robigalia. 

Every year on April 25th, the Romans celebrated the "Robigalia" holiday, which involved marching a 

procession to the sacred trees to ask Robigus to spare the crops. In an effort to please the Robigus, in 

addition to praying, wine was thrown on the altar, and lambs, reddish dogs, foxes, and cows were sacrificed 

in the hope that he would not bring the rusts to harm their crops. The majority of historical accounts, 

however, focused on celebrations and sacrifices to please a God in order to protect their crops from the 

deadly rusts (Agrios, 2005). French farmers began to observe in the 17th century that barberry plants and 

other hedges made fields with black stem rust much worse. In 1660, the French city of Rouen became the 

first to enact legislation to manage barberry bushes (Zadoks and Bouwman, 1985). 

The first in-depth descriptions of the wheat stem rust fungus were independently published in 1767 by the 

two Italian scientists Fontana and Tozzetti. In 1797, Persoon gave it the name Puccinia graminis. The 

Tulasne brothers first realized that some autoecious (single host) rust fungus could produce up to five spore 

stages in 1854. Although they were the first to connect the red (urediniospore) and black (teliospore) phases 

as distinct spores of the same organism, the other Puccinia graminis stages remained a mystery. 

Symptoms of Black Rust 

The pathogen that causes wheat stem rust infects and manifests symptoms on wheat, related cereals 

(barley, oats and rye), grasses, and barberry plant species (Barberris vulgaris). Wheat disease symptoms 

take the form of oval blisters or pustules called Uredia on the stem, leaf sheath, and leaf. These could 

appear on the wheat spike's neck and glumes. Later, the pustule's lining epidermis is ruptured. Under the 

ruptured epidermis, a powdery mass of brick red uredospores is visible. As the plant matures later in the 

growing season, the pustules turn black because the fungus starts producing teliospores or teleutospores 

instead of uredospores, and the uredia turn into black telia. Telia may at times evolve on its own. The 

wheat plant may have large populations of uredia and telia, and the entire infected area of the plant may 

be covered in ruptured areas that are both filled with uredia and telia. 

Etiology 
The rust fungus are obligatory parasites. In order to grow and reproduce in nature, they need living host 

tissue; they are unable to do so as saprophytes. They persist as spores in the absence of living host tissue. 

Only the teliospores of the majority of rust fungus are suited to survive without a living host plant for 

longer than a few months in natural settings. 
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Mycelium that has been well branched makes up the fungus' body. Primary mycelium is septate, 

endophytic, intercellular, branching, and monokaryotic. Dikaryotization causes the secondary mycelium, 

which emerges later in the life cycle, to be dikaryotic. Through the haustoria it creates, which have an apex 

like a knob, the mycelium collects nutrients from the host cell. Wheat serves as the major host for the 

dikaryotic or secondary mycelium, while Berberis serves as the secondary host for the monokaryotic 

mycelium.   

The black rust fungi are heteroecious. This term refers to rust fungi that need two unrelated hosts, like 

wheat and barberry, to complete their life cycle. The five spore stages produced by Puccinia graminis are 

basidiospores, pycniospores (spermatia), aeciospores, urediniospores (uredospores), and teliospores. The 

heteroecious life cycle was initially discovered by Anton de Bary in 1865, but it wasn't until Canadian 

scientist John Craigie investigated the virus in 1927 that the function of each spore stage was thoroughly 

understood. 

Systemic position of Puccinia graminis tritici  

Kingdom  Fungi  

Division  Basidiomycota  

Sub-division  Basidiomycotina  

Class  Basidiomycetes  

Order  Uredinales  

Family  Pucciniaceae  

Genus  Puccinia  

Disease Cycle 

Each fresh wheat crop is exposed to Puccinia graminis tritici spores, the primary inoculum, to begin the 

disease cycle of wheat stem rust. Depending on the region where the wheat is farmed, several sources of 

the initial spores that infect the new wheat crop. Wheat is sown in warm climates in the late fall and 

harvested in the early summer. Urediniospores are the first spores to infect the new wheat plants in the 

fall. They typically arise from unattended wheat plants that have been diseased. At harvest time, seed that 

was dropped in a field or along a roadside frequently sprouted and produced sporadic volunteer plants. 

Spores released by late-maturing wheat plants that are still in the field can infect these plants.  

Wheat and Barberry are the two hosts on which the black or stem rust complete its life cycle. The 

aeciospores, which originate from the secondary host barberry plants, first infect wheat. However, the 

uredospores that are produced by the infected wheat plant allow the disease to spread to other hosts. In its 

two-host life cycle, the fungus Puccinia graminis tritici generates five distinct types of spores. Uredospores, 

Teleutospores, Basidiospores, Pycniospores, and Aeciospores are some of these spores. 

Epidemiology 

Hot days (25-30 0 C), mild nights (15-20 0 C) and damp leaves from rain or dew are all conducive to stem 

rust. Like the other spore stages, aeciospores and urediniospores need free water to germinate. Stomata 

are the entry point for infections. The pattern of the rust disease can be used to predict the source of the 

inoculum. The disease pattern that results from inoculum from a point source, such as barberry, is typically 

fan-shaped, with the alternate host at the tip of the fan (Figure 13). Inoculum comes from a wide area, such 

as southern wheat harvests in the northern hemisphere, from which urediniospores are discharged, if the 

disease has a more pronounced pattern. Wheat fields with scattered infections, primarily on the upper 

leaves, suggest that airborne spores were brought into the field from an outside source. Rainfall is crucial 

for spore deposition during the spores' long-distance dissemination. 

Management 

1. The use of disease resistant plant cultivars is the most efficient and practical method of controlling this 

disease. Resistant varieties for stem rust are HD-2278, HW 741, S 27, S 307, S 308, etc.  

2. Eradication of alternate host (Barberry) is useful in control of disease.  

3. Field should be free from weed and plant debris.  

4. Seed treatment with Vitavax @ 2 gm/kg of seed or seed treatment with bioagents such as Trichoderma 

viride or Trichoderma harzianum.  
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5. Foliar spray of Vitavax or Triazole group of fungicides like Propiconazole, Hexaconazole and Triadimefon. 

Conclusion 

Black rust is an important disease of cereals. It causes huge loss to cereal crops (specially wheat) across 

the world wide. Black rust pathogen is an obligate parasite (non-culturable in artificial media). Destruction 

of barberry is important to control the black rust disease. Vitavax is a proven fungicide against black rust 

disease. 
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Introduction 

Agricultural Biotechnology delivers biomass for food, feed, genetic modifications, and molecular tools to 

enhance the plant breeding potential, resulting in an increase the food supplies, farm income, and reduced 

damage to ecology and the environment. As the world population continues to grow, much more effort and 

innovation will be urgently needed to sustainably increase agricultural production, improve the global 

supply chain, decrease food losses and waste, and ensure that all who are suffering from hunger and 

malnutrition have access to nutritious food. GM crops are adopted globally because of their enormous 

benefits to the environment, human and animal health, and contributions to the improvement of the 

economic conditions of farmers and the general public. Biotech crops play an important role in increasing 

productivity per hectare and decreasing the cost of production for inputs. The biotechnological tools that 

are important for agricultural biotechnology include conventional plant breeding, tissue culture and 

micropropagation, molecular breeding or marker-assisted selection, and genetic engineering and GM crops. 

Plant genetics remains a key component of global food security, peace, and prosperity for a foreseeable 

future. Crop genetic engineering plays a crucial role in the chronic demands of global food security. 

However, the genetically improved seed is only part of the solution. The such seed must be integrated into 

farming systems and economic, and social impacts for sustainable agriculture. Food is a very important 

requirement of our life and its demand shall keep on increasing with the increase in population all over the 

world. But productivity is decreased because of many challenges of production. Only plant breeding 

methods cannot address the serious challenges. During the mid-1970s traditional methods of crop 

improvement like the selection process, breeding in plants for yield, resistance to different diseases, and 

drought were in practice. But nowadays there are many new techniques are used in agriculture like gene 

transfer, cell, protoplast culture, etc. 

Application of Recombinant DNA Technology in Agriculture 

Recombinant DNA which is also known as genetic engineering changes the natural genetic characteristics 

of an organism by inserting foreign DNA. It is used in agriculture to form genetically modified organisms. 

It helps to produce genetically modified crops. Today, in the market, genetically modified foods are available 

in the vast majority. Recombinant DNA has increased the production of crops all over the world, as well as 

decreased the use of insecticides and herbicides by farmers. Crops modified genetically in agriculture are 

done for two purposes, high yield and resistance to pests. GM crops improved in many fields like herbicides, 

and resistance to plants. In agricultural fields crops are modified according to the needs using RDT. The 

first genetically modified crop was the tomato in 1994. They gave its name ‘Flavr Savr Tomato’. It has 

qualities like prolonged flavor and delayed ripening etc. There are different types of GM crops such as Bt 

cotton, Bt Maize, Bt Brinjal, Bt mustard, etc. Bacillus thuringenesis is a bacterium found in sails used in 

G.M. crops. 

Food Quality 
Consumers accept food by its texture, taste, and aroma. These important qualities have proven to be very 

suitable in the r-DNA technique in tomatoes, by introducing the “antisense technology” during ripening 

pectin was breakdown. An enzyme known as ACC oxidase is involved in the conversion of ACC to ethylene. 
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Nutritional Quality 

If the nutritional value of a food is increased by r- DNA tech then it will attract the people in near future. 

GM crops are also modified for the allergenicity of the host plant. The modification of carbohydrate 

metabolism by rDNA tech has been demonstrated for starch in potatoes. “Bioreactors” are used for the 

production of pharmacologically and industrially important substances such as proteins. From transgenic 

potatoes, correctly processed human serum albumin can be obtained. 

Role of Transgenic Plants in Agriculture 

At present, environmental degradation and the consistently growing population are two main problems on 

the planet earth. Fulfilling the needs of this growing population is quite difficult from the limited 

sustainability of farmland available on the globe. Although there are legal, social, and political barriers to 

using something an effective way of biotechnology, advances in this field have substantially improved 

agriculture and human life to a great extent. One of the important tools of biotechnology is genetic 

engineering (GE) which is used to modify plants, animals, and microorganisms according to desired needs. 

Genetic engineering facilitates the transfer of desired characteristics into other plants. It is not possible 

through conventional plant breeding. Apart from the use of GE in agriculture, It has modified plants for 

enhanced production of vaccines, hormones, etc. Transgenic plants generated for capable of expressing 

recombinant proteins including viral and bacterial antigens and antibodies. Common food plants like 

bananas, tomatoes, rice, carrot, etc. 

  
Recombinant DNA technology Transgenic plants 
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Plant-Microbe Interactions for Sustainable Agriculture 

Plant-microbe interactions are both symbiotic and antagonistic, and the knowledge of both these 

interactions is equally important for the progress of agricultural practice and production. The adoption of 

next-generation sequencing (NGS) and marker-assisted selection of resistant genes in plants, equipped 

with cloning and recombination techniques, has progressed the techniques for the development of resistant 

plant varieties. Genome-wide association studies (GWAS) of both plants and microbes have made the 

selection of desirable traits in plants and manipulation of the genomes of both plants and microbes 

effortless and less time-consuming. Stress tolerance in plants is accentuated by the association of certain 

microorganisms with the plant, the study and application of the same have helped develop stress-resistant 

varieties of crops. Next-generation sequencing approaches have made it possible to identify the function of 

microbes associated with the plant microbiome that are both culturable and non-culturable, thus opening 

up new doors and possibilities for the use of these huge resources of microbes that can have a potential 

impact on agriculture. 

Genetics Crucial for Food Security and Sustainable Agriculture 

Genetics is important for making sustainable food security and agriculture. Millions of lives depend upon 

crop genetic improvement. It can keep speed with the growing global population, changing climate, and 

shrinking environmental resources. While there is still want to learn about the biology of plant–

environment interactions. Another challenge is that water systems are under severe strain in many parts 

of the world. The freshwater available per person has decreased. The foundation of Mendelian genetics 

enabled plant breeders to cross plants with new precision, carefully manipulating the plant genome to 

produce new, improved varieties. These breeding techniques have been used to develop higher-yielding 

varieties, including plants resistant to pests or disease. Germplasm is living genetic resources such as seeds 

or tissue that are maintained for their use in plant breeding. 

 

Conclusion 

Sustainable agriculture has three pillars: social, economic, and environmental. It creates nutritious food, 

allows farmers to reduce the amount of land and water they use, cultivates soil fertility and genetic 

diversity, and reduces toxic inputs. And it enhances food security for the very poorest farmers and families 

in the world. So, for example, if we can breed resistance into a plant, whether through conventional or 

genetic engineering, and that means we can reduce the amount of sprayed chemicals that we use, that’s 

part of sustainable agriculture. 

Keywords: Biotechnology, Genetic engineering, Genetically Modified Organism, Recombinant DNA, 

Transgenic. 

References 
1. Venter, M., 2007. Synthetic promoters: genetic control through cis engineering, Trends in Plant Science, vol.12, no. 3, pp. 118–

124, View at Publisher Site | Google Scholar 



 

 
Volume 04 - Issue 12 - December 2022       395 | P a g e  
 

2. Berk, A., Zipursky, S. L., 2000. Molecular Cell Biology, vol. 4, WH Freeman, New York,  NY, USA,  

3. Khan, S., Ullah, M., Siddique, R., Nabi, G., Manan, S., Yousaf, M. and Hou, H., 2016. Role of Recombinant DNA Technology 

to Improve Life. International Journal of Genomics, [online] 2016, pp.1- 14. 

4. Bazan-Peregrino, M., Sainson, R. C. A., R. Carlisle, R. C. et al., 2013. Combining virotherapy and radiotherapy for the 

treatment of breast cancer, Cancer Gene Therapy, vol. 20, no. 8, pp. 461–468, View at Publisher Site | Google Scholar 

5. Fang, J., Zhu, X., Wang, C. and Shangguan, L., 2016. Applications of DNA Technologies in Agriculture. Current Genomics, 

17(4), pp.379-386. 

6. Paoletti, M. G., Pimentel, D.,1996. Genetic engineering in agriculture and the environment-assessing risks and benefits. 

BioScience.; 46(9):665–673. 

7. Bruening, G, Lyons, J. M., 2000. The case of the FLAVR SAVR tomato. California Agriculture. 54(4):6–7. 

8. Winerip M., 2003. Do you call that a tomato? The New York Times, USA. 

  



 

 
Volume 04 - Issue 12 - December 2022       396 | P a g e  
 

Current Status and Future Potential of Transgenic 

Herbicide-Resistant Crops 
Article ID: 38137 

Dheer Pratap1, Mohammad Hasanain2, Saba Siddiqui3, Dhruvendra Singh Sachan4, Gufran 

Ahmad5, Kushal Vaishya6, Ankur Tripathi7 
1,6Research Scholar, 3Associate Professor, 5M.Sc. Student. 

1,3,5&6Department of Agriculture, IIAST, Integral University, Lucknow. 
4Research Scholar, Department of Agronomy, CSAUAT, Kanpur. 

7Research Scholar, Department of Agronomy, ANDUAT, Kumarganj, Ayodhya. 

 

 

Introduction 

The phrase "herbicide-resistant crop" (HRC) refers to crops that have been genetically modified to become 

herbicide-resistant or that have been selected in cell or tissue cultures for mutations that do so. Herbicide-

tolerant crops (HRCs) are another name for these plants. Transgenic HRCs are the subject of the majority 

of debate and success around HRCs, hence this article will concentrate on these items. The majority of 

transgenic plants are transgenic HRCs, and since their introduction in 1994, about 60 million hectares of 

these plants have been planted globally (ISAAA. 2005). 

Present and Previous Products 

In the USA and Canada, the first transgenic HRCs went on sale in 1995 as bromoxynil-resistant cotton 

(3,5-dibromo-4-hydroxybenzonitrile) and glufosinate-resistant canola (oilseed rape), respectively. Since 

then, glyphosate (N-(phosphonomethyl) glycine)-resistant transgenic HRCs and additional transgenic 

crops that are resistant to these two herbicides have been released in North America and other nations. 

The HRCs used in North America are ones that are available worldwide. Some of species, particularly 

cotton and soybean that are glyphosate-resistant, are widely farmed outside of North America. Crops that 

were resistant to ali bromoxynil have been taken off the market for commercial reasons. In the case of 

sugarbeet that is resistant to glyphosate. The item is available but has not been grown. Except for some 

glyphosate-resistant cultivars of maize, all transgenic HRCs. Herbicide resistance was conferred via a 

transgene of bacterial ancestry. 

Bromoxynil-Resistant Crops 
A post-emergence herbicide with greater activity on dicotyledonous plants than on grasses is called 

bromoxynil. The photosynthetic process's photosystem II is inhibited by it. Dicotyledonous crops that are 

resistant to bromoxynil, like cotton or canola, provide the farmer with more weed-control options. A 

transgene from the soil bacterium Klebsiella ozaenae that codes for an enzyme that breaks down 

bromoxynil was used to make crops resistant to this pesticide. Up until 2004, the USA was a major producer 

of bromoxynil-resistant cotton, and up until 2001, Canada was a major market for bromoxynil-resistant 

canola. Although under some circumstances these crops were helpful for controlling weeds, adoption rates 

were never very high, and bromoxynil-resistant crops were finally abandoned for financial reasons. No 

weeds have, as far as we know, developed a resistance to bromoxynil in crops that can tolerate it. 

Glyphosate-Resistant Crops 

An excellent non-selective post-emergence herbicide is glyphosate. Before the development of glyphosate-

resistant crops, it was applied to avoid contact with the crop in non-crop circumstances, prior to sowing, or 

with specialist application equipment (Duke, 1988; Duke et al., 2003). Glyphosate is especially efficient 

because it translocates well to metabolically active tissues like meristems and undergoes very little or no 

metabolic degradation in most plants. The herbicide can spread throughout the plant before symptoms 

appear thanks to its very sluggish mode of action. 

Till date Soybean with glyphosate resistance. Canola and cotton. Farmers in North America have access to 

maize and sugar beet, albeit GM sugar beet has not yet been planted. A resistant variant of the herbicide 
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target enzyme, 5-cnolpyruvyl-shikimate-3-phosphate synthase, is present in all glyphosate-resistant crops 

(EPSPS). an essential enzyme in the production of aromatic amino acids. A bacterial gene (the CP4 gene of 

Agrobacterium sp.) is employed in all types of maize, with the exception of a few. For some maize types, 

the GA21 transgene encoding a resistant version of the enzyme was created using site-directed mutagenesis 

of maize EPSPS. Additionally, glyphosate-resistant canola has a bacterial gene for glyphosate oxidase 

(GOX), an enzyme that converts glyphosate into less harmful phytochemicals like 

aminomethylphosphonate and glyoxylate. 

 
When crops resistant to glyphosate are utilised often. Weed resistance is starting to cause issues. on 

occasion. Natural resistance has allowed weeds to fill ecological gaps left by glyphosate-resistant weeds, 

such Commelna benghalensis. Common ragweed (Ambrosia artemisiifolia) and horscweed (Conyza 

canadensis) have developed resistance to glyphosate in glyphosate-resistant crops. 

Effects of Herbicide-Resistant Crops on the Environment 

Transgenic HRCs' effects on the environment have lately been examined. When used at approved doses, 

glufosinate and glyphosate are not believed to constitute important environmental pollutants. both 

herbicides are regarded as! lave Other than plants, Iow toxicity to non-target species. Numerous of the 

herbicides that glyphosate and glufosinate replace are more toxicologically and environmentally 

questionable than they are. Both the post-emergence herbicides glyphosate and glufosinate can take the 

place of pre-emergence herbicides. enabling the farmer to employ them only in situations where they are 

truly necessary. with cost savings and less strain on the soil ecology. 

There has been discussion over how HRCs affect overall herbicide use. According to a review of the relevant 

research, HRCs have largely had no impact on the usage of herbicides. The question of whether HRC use 

has lessened the dangers connected to weed management is more crucial. The majority of studies find that 

the hazards have decreased. 

Farmer Problems with Herbicide-Resistant Crops 

Although yield/losses have only been observed in cotton, some glyphosate-resistant cultivars of maize, 

cotton, and soybean have been sufficiently vulnerable to glyphosate under particular circumstances to 

exhibit phytotoxicity symptoms with authorised application rates. The rising use of these crops shows that 

these issues are quite modest. 

Herbicide drift from HRCs and unintended spraying of conventional crops have been a bigger concern than 

when two separate crop species are cultivated in the same region because HRCs and conventional cultivars 

of crops cannot be visually distinguished from each other. Gene flow from transgenic to non-transgenic 
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cultivars of the same crop is a more serious issue. A potential long-term issue for growers is the 

development of a seed bank of canola seeds with both single and multiple herbicide resistance 

characteristics. 

Potential Transgenic Herbicide-Resistant Crops 

Crops may be made resistant to the majority of herbicide classes using transgenes. Acetolactase synthase 

inhibitors, such as 2.4-D, are examples of some of these herbicides. Protoporphyrinogen oxidase inhibitors, 

asulam, dalapon, paraquat, phenmedipham, phytoene desaturase inhibitors A lot of work has gone into 

creating crops using some of these transgenes, the most of which are patented. For instance, a gene 

producing a resistant variant of the enzyme was used to modify maize to make it highly resistant to 

herbicides that block protoporphyrinogen oxidase. Although this product advanced to the trade name stage, 

there don't seem to be any immediate intentions to market it. Directed evolution was used to create a novel 

transgene from a microbial acyltransferase that confers resistance to glyphosate (Castle et al., 2004). The 

commercialization of HRCs that are resistant to herbicides other than glufosinate and glyphosate or to 

those that are not important crops currently receives little funding. 

 

Why are there not More Transgenic Herbicide-Resistant Crops? 

Only two herbicides, glyphosate and glufosinate, are currently resistant to HRCs. are wide-spectrum 

products intended for usage after an emergence. In a few of these crops, only four transgenes are employed. 

There is just one product in each of the chemical families for the broad-spectrum herbicides glufosinate and 

gluphosate. Nearly every other possible HRC that has been patented confers resistance to a number of 

different selective herbicides from the same chemical family. As a result, the herbicide won't eradicate as 

many weed species as glyphosate or glufosinate, but it can be used with other herbicides because the HRC 

is cross-resistant to a number of them. In these circumstances, it might not be able to customise the HRC 

to be resistant to only one herbicide. lowering the likelihood that HRC revenues will be correlated with 

those from a single herbicide. 

It appears that there won't be many new HRCs introduced in the near future. lengthy development time 

and expensive expense. the limited rate of development and launch of new HRCs, as well as considerable 

economic risk. Fear of customer rejection of HRC-based products is a significant factor to take into account 

when allocating resources to the launch of an HRC. Therefore, it appears that existing goods will account 

for the majority of the rise in HRC use during the coming years. Beyond this, any projections would be 

exceedingly speculative. 
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Fish is a nutritious food item containing a good amount of protein, omega-3 fatty acids, minerals and other 

nutrients. It is consumed by the people of India and World on a daily basis. With an increase in demands, 

the price of fish and fish products are also increasing day by day. So, commercial fish production has 

established itself as a profit-oriented business. Freshwater fish farming is one of the important fish 

production systems. It indicates raising and rearing fish in a freshwater system like tanks, ponds and other 

enclosures in a commercial manner for the purpose of food production. Before starting the fish production, 

the preparation of the pond is a crucial step which affects the production directly. In this article, we will 

discuss briefly the pond preparation procedure and how it can help the fish farmers towards better 

production. 

Importance of Pond Preparation in Fish Farming 

The most important component of the fish farming business is to prepare a pond in a proper way. Without 

the construction of a well-prepared pond, it is not possible to start or run any fish farming business. The 

importance of pond preparation is given below. 

1. Aquatic plants and animals which are harmful to fish are controlled. 

2. Cannibalistic and unwanted fishes are removed. 

3. A healthy environment of the pond is preserved. 

4. Optimum pH for fish production is maintained. 

5. Availability of the feed for the cultured fish is ensured. 

Types of Ponds Used in Fish Farming 
Within freshwater fish culture unit, different kinds of pond components are used; they are nursery, rearing, 

production, segregation and breeding/spawning pool. 

The percentage of area covered by these different pond types are given below: 

Nursery pond: 3% 

Rearing pond: 11% 

Production pond: 60% 

Segregation pond: 1% 

Breeding pond: 25% 
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Nature of Different Ponds 

Nursery ponds: Shallow 

Rearing ponds: Moderately deep 

Production ponds: Moderately deep 

Segregation pond: Moderately deep 

Breeding ponds: Moderately deep 

Water level (for larger production ponds): 2-3 meters 

Preparation of Pond 

1. Preliminary or preparation stage: 

Soil sampling: Before starting other procedures, the soil should be tested. Samples are collected 

from the bottom of the pond and dike. Generally, pH and organic matter contents are analyzed. pH 

is important to determine the amount of lime to be treated later. Soil sampling is very important, 

especially for the new ponds. 

Demudding: One of the most important steps of pond preparation is to “de-mud” the pond, which 

we wish to prepare. “De-mud” basically is the process of removing mud from the pond which we wish 

to use. The main purpose of demudding is to make it more suitable for fish farming. Demudding can 

be done just by removing the mud from the pond, which is the easiest way. Instead of demudding 

directly, we can go for deepening of our pond which is the best option for larger fishes. 

Pond drying: The bottom of the pond is dried to remove the unwanted fish species. Drying is done 

until the soil cracks. Drying also ensures the oxidization of harmful substances and mineralization 

of organic matters. 

Make the dike of the pond taller: The most common problem of the rainy season for most of the 

ponds is that flood can carry away fishes of the pond. So, if the pond is located in an area which is 

closer to the river or stream, then taller embankment or dike is a must. It should be at least 2 to 3 

ft higher than the highest level of water in the pond. This can be done very easily and automatically 

during the time of digging or demudding. Sand removed during de-mudding/digging can be used to 

make dikes taller. Otherwise, sandbags can be used to make the dikes/embankments taller. 

Efficient inlet and outlet system: Efficient inlet and outlet system is very much important for 

the proper working of the pond system. This mostly comes in the form of a pipe through which water 

can enter and exit from the system. The inlet system of the pond should be placed slightly higher 

than the outlet system to ensure maximum water flow. Proper inlet and outlet system prevent 

overflow of the pond by taking care of heavy rainfall/slight flood. This is very much helpful for the 

proper maintenance of water quality. 

2. Treatment stage: 

Controlling harmful aquatic plants and animals: Aquatic weeds and insects both are very 

much harmful to fish farming ponds as weeds consume almost all nutrients and reduce the amount 

of oxygen. Their growth should be controlled efficiently so that they cannot create any problem in 

the pond. 

Removing cannibalistic and unwanted fishes: Removal of cannibalistic and unwanted fishes 

is very much important step in pond preparation. Shol, gozar, boal, taki, etc. are cannibalistic fish 

and mola, dhela, chanda, pumpti etc. are unwanted fish. They can be removed by drying the pond 

or by using poison in the pond. Rotenone powder is the best option for this purpose. 

Conditioning the pond: Conditioning is done by application of a layer of lime or calcium hydroxide 

which is spread over the bottom of the pond for two weeks.  It is usually applied during or after the 

pond drying stage. This removes the acidity of the soil, facilitates biogeochemical cycles and prevents 

unwanted species. 

Liming can be done in three different ways: 

a. By broadcast over a dried pond which includes the dike walls. 

b. By mixing with water and spraying over the pond and 

c. By liming the water flowing into the pond. 
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Manuring 

After 15 days of liming, manuring or fertilization is done in order to facilitate the growth of fish food 

organisms. Manure can be of organic or chemical nature. The application rate of raw cow dung for stocking 

pond is 2-3 tonnes/ha. The application rate of poultry manure is 5000 kg/ha. Use of chemical fertilizer 

depends upon the concentration of phosphorus and nitrogen in the soil and varies accordingly. The standard 

combination of NPK is 18:10:4 for freshwater ponds. 

Conclusion 

Fish pond preparation is the basic and first step in freshwater fish farming. Pond preparation is to be done 

intensively to enhance the fish production of the pond. Without proper preparation of the pond bottom if 

we start the fish culture technique it will create a huge problem and production will be of poor quality. In 

the case of the pond preparation process, good management practices are the basic solution for obtaining 

better fish yield. Sustainable methods should always be chosen to make pond preparation more suitable 

for environment-friendly fish farming technique. 
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What is Response Farming? 

Response farming mainly focuses on water and its management at farm level. 

Concepts 
The concept is that improved information about water supply (rainfall) prospects and about impacts of 

alternative actions which may be taken, would equip farmers to more closely meet their goals. This 

information is required by all farmers. 

General Comments on the Water Constrains 

1. Recent advances in our understanding of rainfall as a resource in crop production have shed light on two 

facets of the water constraint – its nature and the requirements within its confines. 

2. The bad news is that the water constraint is far more complex than a case of too little rainfall. 

 

3. This is reflected in present crop yield and returns which are far below the levels that actual amounts 

could support – even in semiarid areas. 

4. Response farming comprises a set of management tactics by which sowing density and nitrogen 

application can be targeted to the yield potential of the season based upon the timing and nature of the 

opening rains. 

5. Sowing density and nitrogen application are set by the timing of the opening rains and then further 

adjustments are made four to five weeks after sowing. 

6. The in-season adjustments involve additional nitrogen fertilizer in seasons that promise high yield 

potential and crop thinning when yield potential and crop thinning when yield promises to be low. 

7. These combinations have the purpose of maximizing yield in seasons of high potential and minimizing 

fertilizer and seed input in seasons in which the rainfall is too low for it to have any advantage. 

8. The scheme is possible, it is proposed, because the timing and nature of the opening rains are closely 

correlated with total seasonal rainfall and hence yield potential 

Variability in Rainfall Season Parameters 

1. The five key factors which characterize a rainfall season for crop production have been identified as the 

onset and final rain dates, rainfall amount, duration and intensity. 

2. Season rainfall amount is notoriously variable in most locations in the world. 

Response Farming Origins and Research Aspects 

1. It was at the University of California at Davis (UCD), from 1966 to 1977, that the writer and colleagues 

carried out early research on crop water production functions and crop water balance relationships. 

2. These are the first two principal components of the new technology. 
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3. However, kenya is where the response farming package came together.in late 1977 the writer joined the 

U.S Departments of Agriculture to extend the UCD research into the low resource, rainfed agriculture 

setting setting of the recurrent drought zones of eastern Kenya. 

4. The project continued through 1983, sponsored by the U.S agency for International Development and 

the Government of Kenya,the latter represented by the Kenya Agricultural Research Insitute. 

5. The fourth and final component of response farming research is modelling the impact of farmers’ 

management decisions on crop water utilization and consequent yield. 

6. Both plant population and fertilization lend themselves to manipulations to confirm with actual rainfall 

conditions early in the growing cycle, say 30 days after germination. 

7. For example, plant numbers can be reduced if rains are found to be in the lower part of the predicted 

range or fertilizer, especially nitrogen, can be augmented if rains are in the upper part of the expected 

range. 

8. These actions are important aspects of the response farming strategy. 

Responding to Rainfall Prediction 

1. Land preparation and tillage oriented toward retention of all rainfall e.g blocked, flat furrows or small 

basins, versus measures to affect drainage of excess rainfall from the land, such as sloping furrows. 

2. Choice of higher water requirement market or food crops, with particularly desirable traits and large 

potential yields, versus lower water requirement crops which other insurance for the family food supply. 

3. Planting in narrow rows with high seed and initial fertilizer rates to maximize production with high 

rainfall, versus wide rows and reduced seed and fertilizer rates for more assured and cost-effective food 

production with limited water. 

Reference 
Stigter C.J 1999. The future of Agrometeorology; Perspectives in science and science and Services. 
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Conventional use of pesticides has caused concerns about pesticide residue in food stuff, environmental 

contamination, pesticide drift and the devastation of useful species (Seth et al., 2016). Therefore, 

alternating methods of pesticide usage have to be implemented which will act upon the pest but, do not 

leave its residue on plants or its produce. Baits are a preferred type of formulation used in urban pest 

management, especially for the control of cockroaches, ants and increasingly termites. With precise 

placement in areas away from contact with human population, especially children, and a reduced rate of 

active ingredient (AI) application in a given structure area, baits are more economical and pose less risk 

for consumers and the environment than other formulations. Baiting is an effective, selective, less 

expensive and eco-friendly method of insect-pest management in which, an enticing food with toxicant is 

used to attract and kill insect-pests. Baiting techniques are devised after understanding the biology and 

behavior of the pest, utilizing toxic formulations comprising of readily acceptable bait matrices (Lenz and 

Evans, 2002). Some lepidopterans, especially noctuids, like Spodoptera litura (Fabricus), Spodoptera 
frugiperda (J.E. Smith), Mythimna separata (Walker) and Agrotis ipsilon (Hufnagel) cause heavy damage 

to crops and are difficult to manage by conventional spraying due to their hiding and migrating behavior. 

Poison Baits 
Poison baits consist of an effective base material that act as a carrier for insecticide and an attractive 

phagostimulant that stimulates consumption by insects, resulting in increased poisoning and improved 

pest control (Shahanaz et al., 2019). It may also include preservatives and attractants (including oil, sugar 

and water) to enhance storage, stability and efficacy (Appel and Rust, 2021). 

History of Poison Baits 

Grains and vegetables comprised the early baits. These were eventually refined to their specific attractive 

components such as proteins and carbohydrates. Phosphorus, borax, boric acid and sodium fluoride were 

used in cockroach bait during the mid-19th century. The first successful large scale commercial baiting 

programme in the world was done using malathion-protein hydrolysate bait in 1950 against mediterranean 

fruit fly. During 1990s, baits were incorporated as a component of IPM with the usage of slow acting 

toxicants and pathogens (Dhang, 2014). Three per cent protein hydrolysate was used in village-level area 

wide fruit suppression project in India during 2004-2006 (Stonehouse et al., 2007). 

Bait Formulations 

Solid (granules, pellets and water dispersible granules), semisolid (paste, gel, hydrogel) and liquid bait 

formulations were developed and used based on pest ecology (Dhang, 2014). Novel baits such as 

ferromagnetic baits (Broadbent, 2017) are gaining prominence. 

Factors Affecting Efficacy of Poison Baits 

1. Base material: Eudocima phalonia (Linnaeus) moths were attracted more on the fruit puree with agar 

and phytogel than on agarose medium (Reddy et al., 2007). Among the various bran materials evaluated, 

wheat bran was significantly superior over rice bran and maize bran in terms of consumption by S. litura 
larvae. (Shahanaz et al., 2019). 

2. Phagostimulant: Attraction of S. litura larvae towards rice bran was more when jaggery and molasses 

were used at 20 and 10 per cent, respectively (Muddasar et al., 2017). Addition of 0.20 per cent starch, 

almost doubled the consumption of bait by S. litura larvae over that without phagostimulant (Shahanaz et 
al., 2019). 
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3. Poison 

a. Insecticides: The infestation by S. litura larvae was least in plots treated with emamectin 

benzoate bait (10.6 %) followed by novaluron treated baits (13.6 %) after four days of treatment 

(Sreedhar and Nageshrao, 2016). No-choice test conducted to study the efficacy of insecticides in 

wheat bran with jaggery bait formulations against fourth instar larvae of S. litura resulted 90.00 to 

97.50 per cent mortality with chlorpyriphos 20 EC and 75 to 92.50 per cent mortality with novaluron 

10 EC, 48-hr after treatment (Duraimurugan and Srinivas, 2017). 

b. Photosensitizers: Photosensitizers such as methylene blue, bromophenol blue and safranin 

were toxic to A. ipsilon larvae, exhibited starvation, antifeedant with contact and stomach poisonous 

effect, when applied as poison bait. The most efficient compound among all the tested 

photosensitizers was safranin followed by methylene blue and bromophenol blue (Abd-El-Aziz and 

Thabit, 2021). 

c. Plant oils: Essential oils of garlic, mint, cumin, caraway and parsley showed toxic effects to all 

stages of A. ipsilon and had stomach toxicity. The best treatment among all the tested oils was garlic 

oil (LC50 value of 0.03 ml per 100 ml) followed by mint oil ˃ cumin oil ˃ carawaya oil ˃ parsley oil 

(Sharaby and Nojiban, 2015). 

Efficacy of Poison Baits for Different Lepidopteran Pests 

The lowest larval population of S. frugiperda (1.09 larvae/10 plants), highest grain yield (2635 kg/ha) and 

fodder yield (3510 kg/ha) were recorded in maize plots treated with poison baits containing rice bran 25 kg 

+ jaggery 5 kg + thiodicarb 75 WP 250 g/ha (Lunagariya et al., 2020). The maize plots with whorl application 

of poison bait (wheat bran 10 kg + jaggery 2 kg + water 3 L + Thiodicarb 100 g) recorded lowest larval 

population of S. frugiperda, followed by carbofuran 3G, sand + lime, Nomuraea riley, Metarhizium 
anisopliae and ash (Shinde et al., 2020). 

Pros of Poison Baits 

Runoff, pesticide residue and drift issues are less compared to conventional application methods. Poison 

bait is very effective in situations where spraying or dusting is impractical, such as migration of cutworms 

and armyworms (Spodoptera spp. and Agrotis spp.) during outbreaks and management of late instar larvae 

of S. litura during cyclonic weather conditions. Baits are suitable for pests with cryptic habitat. (Shahanaz 

et al., 2019). 

Conclusions 

The base materials evolved from grains to specific compounds and finally into multi component baits. Baits 

are very effective in managing migrating and hiding nocturnal pests. Wheat bran and rice bran are 

preferred as base materials by S. litura and S. frugiperda larvae, respectively. Jaggery and molasses act as 

efficient phagostimulants. Thiodicarb, malathion, emamectin benzoate and spinetoram performed well as 

poison baits under field conditions. Photosensitizers like safranin and plant essential oils can be used as 

killing agent in poison baits. 

Future Thrusts 

Need to: 

1. Investigate poison baits by using nanotechnology 

2. Explore the possibility of magnetic baits for lepidopteran pests 

3. Scale up studies on bait constituents that are safe for non-target organisms 

4. Understand more about sensory mechanisms of attraction to bait constituents. 
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Abstract 
Debt is a condition in which one party owned money from another at specific interest rate and also have to 

pay them in certain time period. When a person takes money, he has two things first he has to pay the 

money he took and secondly interest of that loaned money or capital. In case of farmers mostly they have 

only farmed as main source of occupation. In that case we can classify farmers into different groups or 

classes on the basis of the way he chooses to pay his debt. Broadly It can be classified into three groups 

which are- active payer, passive or dormant payer and lastly intermediate payer. According to my 

studies it’s found that intermediate payer is those who able to pay their debt at time, followed by other two. 

Introduction 

India is considered as LAND OF VILLAGE and maximum occupation of people is farming. Research shows 

that up to 70% of the farmers in India are marginal; they usually have landholding of less than 5 acres. 

Agriculture is considered as high input processes. It requires more capital in different intercultural 

operational activity. In order to get higher yield famers must have to use different kind of resource. 

Although in India government doesn’t imposed tax on farmers but in case of some resource like water and 

electricity, they have to pay price in order to utilize them (their price is different in different state). It 

observed that an average agricultural household in India has debt equivalent to 60 per cent of their annual 

income (India Today report). According to the National Sample Survey, the annual income of a farm 

household was Rs 1.23 lakh, and the average debt was Rs 74,100 from July 2018 - June 2019. Crops and 

wages are the two main source of income. According to the survey, 50.2 per cent of Agri-households in India 

are in debt. At the same time, state-wise data reveals that Telangana and Andhra Pradesh farmers 

contribute about more than 90 percent of total Agri - household’s debt. An average farm household has a 

debt burden of over Rs. 2 lakhs in these states. It is much higher than the average debt of Rs. 74,100. 

 
Fig.-1 show avg. annual income of farm household 
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Agricultural Indebtedness is One of the Major Issues of Every Developing Country 

Especially for those countries who have agriculture as main source of economy. Agricultural indebtedness 

has always been a major social and economic issue in India, despite the growth of institutional credit to 

agricultural, indebtedness among farmers persists. This is mainly due to the transcendence of the deficit 

nature of rural family budgets especially the small holding agriculturists and all other farmers having poor 

means of income. The unpredictable weather, the burden of old debt, a long time gap between expenditure 

and income from farming activities, the small size of land holdings, unproductive spending on social-

ceremonies, a high rate of illiteracy is some of the important factors responsible for the agricultural 

indebtedness in India. 

 
Fig.-2 Farmer’s debt by purpose of loan in India (source: MACROSCAN2005) 

According to NSSO 59th Round at all India level, about 59 per cent of the outstanding loans were taken 

from institutional sources which included Government (2.5 per cent), Co- operative society (19.6 per cent) 

and banks (35.6 per cent). 
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Among the non-institutional sources, agricultural/ professional money lenders (25.7 per cent) had the major 

share in terms of outstanding loans. According to NSSO 70th Round at all India level, about 60 per cent of 

the outstanding loans were taken from institutional sources which included Government (2.1 per cent), Co-

operative society (14.8 per cent) and banks (42.9 per cent). Among the non-institutional sources, 

agricultural/ professional money lenders (25.8 per cent) had the major share in terms of outstanding loans. 

In today’s fastest growing world as development is at its peak, every sector is boosting so do agriculture 

sector also but this development result in increase the cost or capital of resources. 

As the increase in cost of cultivation left farmers no choice but to invest more capital. A wealthy farmer 

can manage money crisis as they already have saving or capital with them but it is a huge problem or issue 

with small or marginal farmers and this left no choice to them but to take loan or money from other sources. 

Once a farmer take loan then there are many ways one can pay it back and, on this basis, we classify them 

in different groups. 

1. Active Payer: This are those type of farmer who want to pay their debt as soon as possible but their 

way is unproductive or profitless. They usually sale whole portion of agricultural produced soon after 

harvesting at ongoing market price. Here it’s found that they won’t save any amount of their yield for future 

consumption and also not wait for price to increase. For them price doesn’t affect. Although its good way of 

paying debt but the drawbacks of this type of player is that – as they sale whole produced without saving 

any portion of it or money for future needs so in that scenario, they again have to take loan or money for 

its needs, so ultimately, they remain in debt all time but again depend on the quantity of loan. 

It is also found that this type of practice is more effective or profitable for those types of farmers whose 

income or capital is more than their debt. 

2. Passive or Dormant Payer: They are that type of farmers or payer which doesn’t sale their crop after 

harvesting or even sometime at MSP but to keep them and only sale when price of their crop is what they 

expected. It is that reported that they are in more loss than active payer because as they don’t sale their 

crop and wait for price to get high or what they expected price but it’s not always possible and sometimes 

they even give up the good price in hoping for more. And on the other hand, due to not selling the crop at 

first place and not giving the loan money back on time, their interest amounts keep on increases. But this 

again depends on person experience and demand of its produced in its particular area and place. This type 

is all about probability, there is half chance that famers might get good price or expected price for their 

produced and pay their loan money soon. 

3. Intermediate Payer: They are people with good management and financial skills. They repay their 

debt soon from above both type of payee. This type of farmer basically sells whole crop after harvesting by 

keep a portion of crop or money which will full fill his future needs and requirement. In this group payer 

again can be classified into different classes on the basis of portion of crop or quantity they sale and at 

which time: 

a. Substantial seller – this are those who sell much or maximum portion of crop at one’s by saving 

only those or limited portion which will full fill needs. 

b. Abstract seller - although they also sell maximum portion of crop but they don’t sell them 

together instead they sale them in chunks. 

c. Equivalent seller -In this farmer’s sell half of it’s produced by saving another half of it. 

Conclusion 

In agriculture the one of the most resources are investment. If a farmer has enough money, he can use 

modern technology to increase its yield or make more profit. When we talk about investment the first thing 

come to mind is debt. According to my research in general all defaulter farmer can be broadly grouped into 

three classes on the basis of way to pay debt 

1. Active payer 

2. Intermediate payer 

3. Dormant or passive payer. 

In active payer they usually sell all the grain or crop without saving for future consumption or needs. This 

kind of payer is also considered as renewal payer because as they don’t save anything for consumption 

purpose so they have to take again loan in order to fulfil their needs. 
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In case of dormant or passive payer they are usually don’t sale their crop but instead they save them in 

order to sale when the price is high but the thing, they don’t look that their interest is also increasing so 

this type of payer hardly able to pay their debt. 

Intermediate payer they are those who think and act precisely and effectively. They save some crop and 

saving for future consumption purposes. They usually sale maximum portion of their yield and save only 

which part that will help to run they basic family needs and farmer financial. The intermediate paying is 

best way to overcome from debt because by timely paying debt money will help in interest to lower down 

and also by saving money for future need eliminate future loan possibilities. 
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Introduction 
Media is the plural form of medium, which (broadly speaking) describes any channel of communication. 

This can include anything from printed paper to digital data, and encompasses art, news, educational 

content and numerous other forms of information. 

Management 

The process of dealing with or controlling things or people. Management is doing things right. It's the 

discipline of planning, organizing, leading and controlling an organization. That is to say that managers 

have many styles and management has many types. 

Media Management 

Media management is seen as a business administration discipline that identifies and describes strategic 

and operational phenomena and problems in the leadership of media enterprises. Media management 

contains the functions strategic management, procurement management, production management, 

organizational management and marketing of media enterprises. 

Management Process: Management process is characterized by the following features: 

1. Social Process: The entire management process is regarded as a social process as the success of all 

organizational efforts depends upon the willing co-operation of people. Managers guide, direct, influence 

and control the actions of others to achieve stated goals. Even people outside the organization are 

influenced by the actions of managers. 

2. Continuous Process: The process of management is on-going and continuous. Managers continuously 

take up one or the other function. Management cycle is repeated over and over again, each managerial 

function is viewed as a subprocess of total management process. 

3. Universal: Management functions are universal in the sense that a manager has to perform them 

irrespective of the size and nature of the organization. Each manager performs the same functions 

regardless of his rank or position in the organization. Even in a non-business organization managerial 

functions are the same. 

4. Iterative: Managerial functions are contained within each other the performance of the next function 

does not start only when the earlier function is finished. Various functions are taken together. For example, 

planning, organizing, directing and controlling may occur within staffing function. Similarly, organizing 

may require planning, directing and controlling. So all functions can be thought of as sub-functions of each 

other. 

5. Composite: All managerial functions are composite and integrated. There cannot be any sequence which 

can be strictly followed for performing various functions. The sequential concept may be true in a newly 

started business where functions may follow a particular sequence but the same will not apply to a going 

concern. Any function may be taken up first or many functions may be taken up at the same time. 

Levels of Management 

The three levels of management typically found in an organization are low-level management, middle-level 

management, and top-level management. Low-level managers focus on controlling and directing. They 

serve as role models for the employees they supervise. 
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Management Functions Roles and Skills 

The term “Management” refers to the performance of some functions such as planning, organizing, 

controlling and directing by an individual or a group of individuals in order to achieve a common goal. 

Management is required when we work in group. Management functions cannot be performed in isolation. 

Management has been defined by a number of authors. Some of which are as follows: “Management is the 

art of getting things done through others” “Management is the coordination. 
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What is Research? 
Depending on who you ask, you will likely get very different answers to this seemingly innocuous question. 

Some people will say that they routinely research different online websites to find the best place to buy 

goods or services they want. Television news channels supposedly conduct research in the form of viewer 

polls on topics of public interest such as forthcoming elections or government-funded projects. 

Undergraduate students research the Internet to find the information they need to complete assigned 

projects or term papers. Graduate students working on research projects for a professor may see research 

as collecting or analyzing data related to their project. Businesses and consultants research different 

potential solutions to remedy organizational problems such as a supply chain bottleneck or to identify 

customer purchase patterns. However, none of the above can be considered “scientific research” unless: (1) 

it contributes to a body of science, and (2) it follows the scientific method. This chapter will examine what 

these terms mean. 

What is Science? 

To some, science refers to difficult high school or college-level courses such as physics, chemistry, and 

biology meant only for the brightest students. To others, science is a craft practiced by scientists in white 

coats using specialized equipment in their laboratories. Etymologically, the word “science” is derived from 

the Latin word scientia meaning knowledge. Science refers to a systematic and organized body of knowledge 

in any area of inquiry that is acquired using “the scientific method” (the scientific method is described 

further below). Science can be grouped into two broad categories: natural science and social science. Natural 

science is the science of naturally occurring objects or phenomena, such as light, objects, matter, earth, 

celestial bodies, or the human body. Natural sciences can be further classified into physical sciences, earth 

sciences, life sciences, and others. Physical sciences consist of disciplines such as physics (the science of 

physical objects), chemistry (the science of matter), and astronomy (the science of celestial objects). Earth 

sciences consist of disciplines such as geology (the science of the earth). Life sciences include disciplines 

such as biology (the science of human bodies) and botany (the science of plants). In contrast, social science 

is the science of people or collections of people, such as groups, firms, societies, or economies, and their 

individual or collective behaviors. 

Scientific Knowledge 

The purpose of science is to create scientific knowledge. Scientific knowledge refers to a generalized body 

of laws and theories to explain a phenomenon or behavior of interest that are acquired using the scientific 

method. Laws are observed patterns of phenomena or behaviors, while theories are systematic explanations 

of the underlying phenomenon or behavior. For instance, in physics, the Newtonian Laws of Motion 

describe what happens when an object is in a state of rest or motion (Newton’s First Law), what force is 

needed to move a stationary object or stop a moving object (Newton’s Second Law), and what happens when 

two objects collide (Newton’s Third Law). 

Collectively, the three laws constitute the basis of classical mechanics – a theory of moving objects. 

Likewise, the theory of optics explains the properties of light and how it behaves in different media, 

electromagnetic theory explains the properties of electricity and how to generate it, quantum mechanics 

explains the properties of subatomic particles, and thermodynamics explains the properties of energy and 

mechanical work. 
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Scientific Research 

Given that theories and observations are the two pillars of science, scientific research operates at two levels: 

a theoretical level and an empirical level. The theoretical level is concerned with developing abstract 

concepts about a natural or social phenomenon and relationships between those concepts (i.e., build 

“theories”), while the empirical level is concerned with testing the theoretical concepts and relationships to 

see how well they reflect our observations of reality, with the goal of ultimately building better theories. 

Over time, a theory becomes more and more refined (i.e., fits the observed reality better), and the science 

gains maturity. Scientific research involves continually moving back and forth between theory and 

observations. Both theory and observations are essential components of scientific research. 

Scientific Method 

In the preceding sections, we described science as knowledge acquired through a scientific method. So, what 

exactly is the “scientific method”? Scientific method refers to a standardized set of techniques for building 

scientific knowledge, such as how to make valid observations, how to interpret results, and how to 

generalize those results. The scientific method allows researchers to independently and impartially test 

preexisting theories and prior findings, and subject them to open debate, modifications, or enhancements.  

The scientific method must satisfy four key characteristics: 

1. Logical: Scientific inferences must be based on logical principles of reasoning.  

2. Confirmable: Inferences derived must match with observed evidence.  

3. Repeatable: Other scientists should be able to independently replicate or repeat a scientific study and 

obtain similar, if not identical, results. 

4. Scrutinizable: The procedures used and the inferences derived must withstand critical scrutiny (peer 

review) by other scientists. 

Types of Scientific Research 

Depending on the purpose of research, scientific research projects can be grouped into three types: 

exploratory, descriptive, and explanatory. Exploratory research is often conducted in new areas of inquiry, 

where the goals of the research are: (1) to scope out the magnitude or extent of a particular phenomenon, 

problem, or behavior, (2) to generate some initial ideas (or “hunches”) about that phenomenon, or (3) to test 

the feasibility of undertaking a more extensive study regarding that phenomenon.  

Descriptive research is directed at making careful observations and detailed documentation of a 

phenomenon of interest. These observations must be based on the scientific method (i.e., must be replicable, 

precise, etc.), and therefore, are more reliable than casual observations by untrained people. Examples of 

descriptive research are tabulation of demographic statistics by the United States Census Bureau or 

employment statistics by the Bureau of Labor, who use the same or similar instruments for estimating 

employment by sector or population growth by ethnicity over multiple employment surveys or censuses.  

Explanatory research seeks explanations of observed phenomena, problems, or behaviors. While 

descriptive research examines the what, where, and when of a phenomenon, explanatory research seeks 

answers to why and how types of questions. 
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Introduction 
Twenty years from now, the earth’s population will need 55% more food than it can currently produce. 

However, agriculture is facing severe challenges such as global climate change, exhausted resources, 

reduction of arable lands, and various pathogen attacks. Advances in genomic technologies may offer 

potential solutions to these agricultural problems. Recent years have seen the rapid development of new 

genomic technologies such as CRISPR, TALENS, and ODM (collectively gene editing), as well as doubled 

haploids, molecular markers, and mapping populations. Together with the rapidly expanding availability 

of genome sequence data, these technologies have the potential to transform plant breeding. Crossbreeding 

is a traditionally used technology to improve crops with desirable traits such as nutritional quality, higher 

yields, and abiotic and biotic stress tolerances. Nowadays, emerging genomic technologies (EGTs) are being 

used extensively in agriculture and life sciences by researchers all over the world to incorporate desirable 

genes in different crops such as cereals, pulses, oilseeds, fruits, or vegetables. Application of these 

technologies in new crops is expected to play an important role towards faster productivity growth so 

critical for meeting the sustainable development goals, in particular the goals of zero hunger and 

sustainable food, nutrition, and environmental security in the world: 

1. CRISPR/Cas, ZFN, TALENs                                                        

2. Development of Molecular Markers                                                                     

3. Markers Assisted Breeding 

4. SNP Markers 

5. Computer-Aided Drug Design (CADD) in plants 

6. Genetic Engineering and Development of Transgenic (GMO) crops 

7. Current status of regulatory frameworks controlling GMO crops in the world 

8. Risk assessment of GMO crops 

9. New other emerging genomic technologies 

10. Genomic Technologies: Present and Future. 

Genomic Technologies: Present and Future 

Genomic technologies are best defined as technologies used to manipulate and analyze genomic 

information. The total content of DNA within the organism is called the genome. Genome sequences are 

available for many organisms including human beings. 

 
DNA SEQUENCING 
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This studies the shape and texture of this recent evolution, with a particular indicates on new technology: 

DNA cloning, macromolecular structure analysis (X-ray crystallography and NMR), DNA sequencing, DNA 

synthesis, amplification by the polymerase chain reaction, and transgenic animals (bacteria through 

mammals). This introduces us to the basic biology of modern genomics and the experimental tools that we 

use to measure it. We'll introduce the Central Dogma of Molecular Biology and cover how next-generation 

sequencing can be used to measure DNA, RNA, and epigenetic patterns. We will also get an introduction 

to the key concepts in computing and data science. We need to understand how data from next-generation 

sequencing experiments are generated and analyzed. 

One new sequencing technology involves watching DNA polymerase molecules as they copy DNA - the same 

molecules that make new copies of DNA in our cells - with a very fast movie camera and microscope, and 

incorporating different colors of bright dyes, one each for the letters A, T, C, and G. This method provides 

different and very valuable information than what's provided by the instrument systems that are in most 

common use. 

Electrophoresis in Large-Scale Genomic Sequencing 

Electrophoresis is used to separate the DNA strands and able to see the structure of DNA. The human 

genome is smaller than the plant genome. Although a human genome reference sequence is now available. 

But it is difficult to evaluate the ability of large sequences, complex genomes remain critically important 

for researchers in the biological sciences. Particularly continued Plant genomic sequence determination 

will ultimately help to realize the promise of medical care tailored to an individual plant’s unique genetic 

identity. Many new technologies are being developed to decrease the costs and dramatically increase the 

data acquirement rate of such sequencing projects. This new sequencing includes Sanger reaction-based 

technologies that have electrophoresis as the final separation step as well as those that use completely 

novel, nonelectrophoretic methods to generate sequence data. 

Genomic Technologies in Agriculture 

Agricultural genomics uses technology to study and classify the genes of plants to develop new, specific 

varieties of crops. These new crops can help address various food problems around the world and can 

improve the productivity and sustainability of many plant varieties and livestock productions. The ability 

to read genome sequences coupled with technologies that introduce new genes or gene changes. Now it 

allows people to speed up the ability to select desirable traits in plants. Scientists can selectively add traits 

like resistance to herbicides in plants. 

 
Genomic Technologies 
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Conclusion 

Plant Genomics is key to Food Supply, Human Health, and a Sustainable Environment. To understand 

and treat human diseases, the health sciences can focus resources on the determination of the entire DNA 

sequence of a single animal genome, the human genome. To engineer plants as a source of food, fiber, 

renewable energy, and bioremediation, the genomes of many plant species have to be analyzed. Therefore, 

it may appear that, whereas the human genome project is timely, comparable plant genome projects are 

too costly with current technology. 

Keywords: Genomic technologies, Agricultural biotechnology, Sustainable agriculture, Genomics, 

CRISPR, GMO crops. 
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Summary 
Rice bean (Vigna umbellata (Thunb.) ohwi and ohashi) is a multipurpose crop with tremendous nutritional 

potential. It is widely cultivated in eastern India and hilly region of northern Himalaya usually grown as 

annual crop even though the crop itself is perennial legume. Being endowed with different nutritional 

content, rice bean is rich in abundant protein (25.57 %) that is albumins and globulins with 60% protein 

digestibility. So, far rice bean has been established in 20,000 hectares of land as supplementary crop of 

which the main crop area was located in the hilly area of north eastern India pertaining to climatic 

condition. Despite being produced at consumer scale, there is felt need to undergo different scientific 

research and crop improvement so as to put up its importance up to farmers level through different front-

line demonstration and developing superior accession for commercial cultivation. 

Introduction 

Rice bean (Vigna Umbellata (Thunb.) Ohwi and Ohashi) is popularly known by several names as rice bean, 

red bean, climbing mountain bean at different location. It is underutilized legume widely cultivated in 

eastern India and hilly regions of northern Himalaya.  It is annual pulse belonging to family Fabaceaea of 

the genus Vigna that grow well on a diverse range of soil and climatic condition.  Not only being a perennial 

legume, it contains high digestibility protein namely albumins and globulins as predominant protein 

component in it. It can be grown not only as legume but also as fodder cum green manure crops in field. 

Because of its diverse nature, it can be grown in wide range of soil except in the waterlogged soil. 

The undercover crop has gained popularity recently as a supplementary grain legume which earned greater 

potential to overcome the food and nutritional problem (Bhardwaj and Thakur, 2017). In most of the 

marginal area, resource poor farmers cultivate this crop therefore it is quite related with the bulging 

population which can ultimately lead to frequent food shortage and nutritional disorders. Rice bean is 

mostly cultivated in non-irrigated and uncultivated lands which otherwise would be bare, hence cultivation 

of rice bean is considered important in such areas contributing to food and nutritional security. Taking into 

account the potential productivity, rice bean has been found overwhelming over other pulse crops, such as 

green gram and black gram in mid altitude, particularly Himalayan region, beyond 1500 m above mean 

sea level where pulse crops like green gram and black gram cannot be established successfully (Shukla et 
al., 2014). 

Morphological Study of Rice Bean Crop 

Rice bean (Vigna umbellata) is a perennial legume which is grown usually as an annual crop. It exhibits 

versatile habit such as erect, semi-erect or twining stem (Pattanayak et al., 2019). It usually grows up to 

30-100 cm height, but can reach up to 200 cm (Ecoport, 2014). It has an extensive root system with a taproot 

of about 100-150 cm long, branched stem and finely haired, trifoliate leaves with entire, 6-9 cm long leaflets, 

long axillary racemes (5- 10 cm), papillonaceous with bright yellow flower. The fruits are cylindrical with 

long pods (7.5 -12.5 cm), 6-8 mm seeds with a concave hilum. Rice bean seeds show variability in colour, 

from greenish-yellow to black through yellow, brown. 

Nutritional Importance 

Rice bean being hardy crop, its nutritional potential is not known to the people widely. It contains 60% of 

digestible proteins of which albumins and globulins are abundant protein (25.57 %) which is rich in 

essential amino acids like methionine, tryptophan, lysine, tyrosine and valine. The protein content of rice 
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bean is found to be higher (82-85%) than that of other pulses (80%). Rice bean contained a high proportion 

of unsaturated fatty acids although it showed lower lipid content compared to other legumes which showed 

its versatility. The different anti–nutritional factors analysis of the rice bean revealed the presence of 

phenolic, tannins, trypsin inhibitors, phytic acid, lipoxygenase and saponin within an acceptable limit. 

Prospect in India and North-Eastern Region 

Rice bean is cultivated in 20,000 ha and produces nearly 75000 Mt annually. The important rice bean 

producing states are viz. Himachal Pradesh, Uttaranchal, Assam, Manipur, Meghalaya, Mizoram, 

Nagaland, Sikkim, Tripura, Madhya Pradesh and Chattishgarh (Raiger et al., 2009). In the context of 

North eastern region, it is widely grown in hilly area under shifting cultivation as well as a kharif intercrop 

in the valley region. 

Depending on the consumer preferences, in a particular region and habitat, the size and the colour of the 

rice bean seed differs. They were named according to the convenience in the local dialect as Chakhawai in 

Manipur, Bete in Mizoram, Naga dal in Nagaland and Rambaija in Meghalaya (Philanim et al., 2020). 

Talking about Manipur, it is widely grown and cultivated in the valley as well in the hilly region. The 

physiographic nature of the rice bean plant is quite tall of nearly 250 cm which required construction of 

stake for support. They are mostly late sowing variety which last for nearly 150 days of crop stand. Similar 

morphogenetic nature of plants type is grown in the other north eastern states including Meghalaya and 

Mizoram but of shorter plant height (120-150 cm). 

Conclusion 

Rice bean is a versatile crop with multiple nutritional potential. Despite being grown in meagre area, rice 

bean production is still very low so as the total area under the crop is negligible. The benefits that rice bean 

contributed in sustaining the health of degraded soils and in achieving the nutritional self-sufficiency is 

tremendous. However, the crop remained underutilized. Despite processing through enormous strategy, 

lack of scientific research on crop improvement and consumer awareness has limited cultivation and 

restricted consumption to some local communities of few developing countries. Recently 2071 accessions 

were maintained at ICAR-NBPGR. For this, further popularization of the legume among the farmers 

community about their nutritional benefits must be done through farmers’ levels and developing 

agronomical superior accessions for commercial cultivation. 
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Abstract 
Cannabis sativa which is commonly known by many different names like hemp, marijuana, pot, weed, 

ganja in many different countries. It is famously known as a drug but only few knows that it is very 

beneficial in curing many diseases. It has many other uses apart from medicinal purposes. Cannabis is one 

of the oldest crops which is being cultivated. Cultivation of cannabis differ in different countries. As 

cannabis is a crop plant so by doing cultivation of this can be very profitable. In many countries, cannabis 

is banned for recreation but in few it is legalised and few countries are in the process of legalising it. Due 

to its legalisation issue plant remained un investigated for several decades and restrict research in 

medicinal field. 

Introduction 

Cannabis sativa L. commonly known as hemp, marijuana, pot, weed and ganja in different parts of the 

world belongs to family Cannabaceae. It is one of the initially cultivated plants around 10,000 years ago 

when agricultural farming was started. Cannabis sativa and Cannabis indica is the sub species of cannabis 

plant which are most recognised. C. sativa is basically hemp which helps to treat diseases like epileptic 

seizures, anxiety, and depression. C. indica is marijuana which has psychoactive effects.  The first ever 

report which disclose that cannabis sativa L. can be used as a medicinal plant was published in 1843 and 

explained how plant extracts can be used to cure diseases like tetanus, hydrophobia and cholera. The 

derivatives of cannabis help in HIV/AIDS and multiple sclerosis, cancer, depression and mental illness. 

According to National survey on Drug use and health 2020, around 49.6 million people use cannabis. Mainly 

people use cannabis for medicinal purposes and drugs. People consume it in different ways like by smoking, 

brewing it as tea, consuming it in a form of edibles like brownie or candies, eating it raw, applying it as a 

treatment or taking it as a capsules or supplements. Based on variety, cannabis can be divided into two 

groups: fiber type and drug type. Fiber type grows skinny and tall with very little or no branches on the 

other hand drug type grow bushy with big branches like a Christmas tree. 

Cannabis is a crop plant and if grown on a large scale it can be very profitable. Apart from using it in 

medicine and drugs, it has many other uses in different fields like agriculture, food, cosmetics, medicine, 

pharmaceutical and industrial. China is the origin of cannabis and from there it has been spread into the 

whole world. Now it is being used in making ropes, papers, textile fiber, natural fiber, clothes, composites, 

cosmetic and biofuels. It’s dried leaves, seed oil and other parts are used for medicinal purposes and 

recreational but some of the ingredient which are present in it that can be mined altering. Consumption of 

cannabis as a drug is banned in many countries but countries like Uruguay, Canada, Netherlands, S. Africa 

and Spain has legalised the consumption, cultivation and selling of cannabis as a drug. But for medicinal 

purposes almost every country grow cannabis. Morocco (19%) is the largest producer of cannabis in the 

world followed by Afghanistan (10%), Lebanon (6%), Spain (5.5%) and India (5.1%). Many countries are 

legalising cannabis for recreation also but few countries are there who has still banned cannabis for 

recreation. 

Cultivation of Cannabis 

Today many countries like Canada, South Africa, Uruguay and some states of USA have legalized the 

cultivation of Cannabis. Now India is also permitting farmers to grow cannabis for industrial purposes. 

But in India, its cultivation is limited to only few states with some restriction to the growers. The grower 

has to take permission from government for its cultivation and they can only sell its harvest to the 

government of State Uttarakhand become the first state in India where government have legalized its 
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cultivation. Other than Uttarakhand, Uttar Pradesh and Madhya Pradesh government are now permitting 

cultivation of Cannabis only for industrial purposes. 

Requirements for Cultivation 

The growth and the yield of the cannabis is directly influenced by the soil and climatological parameters of 

the area. Apart from Climatological parameters, other parameters are changeable. 

They can be manipulated according to crops needs. Now with the advancement in the agricultural, the 

climatic factors can also change under protective structures like Green house and polyhouse. Some famers 

prefer to grow cannabis under protective structures for better quality yield but it can also grown under 

open environments and yet get higher yield. 

1. Soil & pH: The best suited soil for the cultivation of cannabis is loamy soil, but it can also be grown in 

sandy soil and black soil. The plant grows well with the pH range between 5.8-6.2. Like other plants it 

prefers slightly acidic pH. 

2. Propagation: The Propagating material for cannabis plant is seed. Farmer can directly sow seeds in 

the field with the help of seed drill or else can grow first in nursery and later transplant seeding of 20-25 

days old into the field. The seed rate of Cannabis again depends on the types of cannabis. For seed hemp, 

the seed rate requires is 30kg/ha or 100-150 plants/meter sq. and for fibre hemp, the seed rate is 60-

100kg/ha or 300-500 plants/meter sq. Selection of good quality seed with high resistance value to biotic and 

abiotic factor and also have good germination percentage are some important parameters to considered. 

3. Photoperiodism: The amount of sunlight a cannabis plant receives plays an important role for its 

vegetative and reproductive growth. Some cannabis plants are long-short day plant, which requires more 

than 13 hours of sunlight for its growth and development and for the flowering to start they need longer 

dark period of more than 12 hours, short day period with long night for good flowering. The other type is 

day neutral plant which is not influenced by day length. 

4. Sowing Time: The best month to grow photoperiodic effected cannabis plant is February to March. The 

flowering starts in the month of September to October and for auto flowering plant it can sow at any time 

except pick winter.  

5. Temperature and Humidity: The temperature requirements vary from place to place. The 

temperature required during transplanting of seedling is range between 21-25 degree Celsius with relative 

humidity of 65-70%. During the vegetative stage, the temperature ranges from 27- 29 degree celsius in day 

time and 20-22 degree celsius at night with relative humidity level between 40-70%. And the temperature 

range during flowering stage vary from 26-27 degree celsius during day time and 15-18 degree celsius in 

night and with relative humidity of 40-50%. 

6. Nutrient Requirement: The cannabis cultivation is very effortless farming. It requires very less 

amount of external fertilizer application. Although to get higher yield its nutritional recommendations 

should be full filled. The plant requires more nitrogen during vegetative stage with few amounts of 

phosphorus and potassium. During flowering stages, it requires more Potassium and Phosphorus with very 

little to zero amount of nitrogen. During vegetative stage N: P: K requires in the ratio of 3:1:1 but during 

the late vegetative state (7 weeks after planting) it requires less nitrogen with N: P: K in amount 1:1:1. 

During flowering stage its N: P: K requirement are in the ratio of 1:3:2 from early to mid-flowering season. 

In the late flowering season ratio change to 0:3:3 respectively. 

7. Water Requirement: The water requirement is again depended on place of cultivation. The crop grown 

between March to April requires water of upto 22 liters/day/day (only during sunny days). During rainy 

season, there is no need for artificial irrigation.  

8. Harvesting: The time period required for harvesting is different for variety to variety. Some cannabis 

varieties can become ready for harvesting in 7 weeks after transplanting and some might require 16 weeks. 

On an average cannabis plant become ready for harvesting within 9-12 weeks after planting. Some external 

sign for maturity is appearance of trichome i.e., discoloration of leaf from green to pale yellow, curling and 

dropping of leaf and lastly browning of pistils. After harvesting, the flower must be dried, trimmed and 

cured. The harvest should be store in airtight container under low temperature. 
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Fig1. Cultivation requirements of cannabis 

Chemical Compounds and it’s Uses 

Cannabis plant contain some unique chemicals called cannabinoids which are the most important and 

active ingredient in therapeutic treatment some of the most famous chemical compounds are THC (delta-

9-tetrahydrocannabinol) and CBD (cannabidiol). Not only that some minor compounds present in cannabis 

are responsible for enhancement of medicinal effects which might be the result of their independent 

biological activity.  

1. THC Properties: Some of the most important compound of cannabis is THC which is the most abundant 

psychoactive cannabinoid which possess many medicinal and mild altering properties such as anti-

inflammatory which helps in liver inflammation, helping in hepatitis and suppressing immune function 

such as calming the hyperactive immune system ultimately help in auto immune disorders. It also 

including curing of insomnia, motion sickness, nausea, loss of appetite and appetite Stimulation, treats 

anorexia and many more but it can also cause intoxication due to its psychoactive nature.  

2. CBD Properties: The second most abundant cannabinoid is CBD but it does not induce psychotropic 

nature caused by higher doses of THC it also helps in the reduction of intoxication, euphoria and other 

similar effects caused by THC. CBD also have some medicinal uses such as rheumatoid arthritis, diabetes, 

post-traumatic stress disorder, anxiety disorder, and antibiotic-resistant infections. 

3. Trichome Properties: Functional compounds of the cannabis plant is secreted from resinous gland 

called Trichomes which cover the entire body of the cannabis plant but they are largely concentrated on 

the female flowering part of the plant and can be released when heated with at a certain temperature of 

180°C (356°F). Trichomes are toxic for the plant kingdom as can be used in herbicides and weedicides to 

destroy the unwanted plant from the field. 

4. Terpenes: Present in cannabis which are generally responsible provided with certain aroma to the plant 

and also for different interactions involving cannabinoids. They also provide some pharmaceutical anti-

inflammatory, neuroprotective and analgesic effects. Terpenes neuroprotective properties generally used 
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in optic nerves relates problems. The Terpenes responsible for anti-inflammatory and neuroprotectives 

myrcene and for analgesic its beta-caryophyllene). (11) Terpenes contains anti-cancer and emetic properties 

which makes cannabis so popular in treating cancer andaiding chemotherapy.  

5. CBG and CBC Properties: Cannabis also possess anti-fungal and anti-microbial properties because of 

Cannabigerol and cannabichromene. Cannabis is not widely used for treat fungal or bacterial infection. 

Cannabis based sprays can be used as same for preventing the plant for any fungal or bacterial infection 

in plants. 

Conclusion 

Cannabis sativa is a versatile plant which has many uses. It is actively being consumed by people in the 

form of drugs. It gives a psychoactive effect to the consumers, which makes them calm and relaxed by giving 

the feeling of high. Besides this it has various agricultural and industrial applications such as, paper 

production, wood, fiber, and also have promising uses in medicinal and pharmaceutical industries. After it 

first legalised, scientists have found the various chemicals which are useful in treating disease like 

HIV/AIDS and multiple sclerosis, cancer, depression and mental illness. The chemical compound of 

Cannabis is called cannabinoids. Out of many compounds two are most popular compound- THC and CBD. 

After realising its medical importance many countries are now legalised its cultivation. The cultivation of 

Cannabis is very effortless, it can be easily grown anywhere and also have very less nutrients requirement. 

One can generate good revenue after cultivating cannabis. 

References 
1. Hussain, T., Jeena, G., Pitakbut, T., Vasilev, N., and Kayser, O. (2021) Cannabis sativa research trends, challenges, and new-

age perspectives. iScience; Volume 24, Issue 12, 17 December 2021, 103391. 

2. https://doi.org/10.1016/j.isci.2021.103391 

3. https://www.rttnews.com/slideshow/3824/ten-largest-cannabis-producing-countries-marijuana-cannabis-thc-cbd-us-morocco-

afghanistan.aspx  

4. https://worldpopulationreview.com/country-rankings/countries-where-weed-is-illegal 

5. https://nida.nih.gov/download/1380/cannabis-marijuana-research-report.pdf?v=7fc7d24c3dc120a03cf26348876bc1e4 

6. https://www.medicalnewstoday.com/articles/246392 

7. Chandra, S., Lata, H., and Elsohly, MA.(2019) Propagation of Cannabis for Clinical Research: An Approach towards a Modern 

Herbal Medicinal Products Development. Front. Plant Sci. 11:958. 

8. doi:10.3389/fpls.2020.00958 

9. https://www.indiatimes.com/trending/social-relevance/countries-where-marijuana-is-legal-551710.html 

10. https://www.worldatlas.com/articles/countries-producing-the-most-marijuana-resin.html 

11. https://www.indiatimes.com/amp/news/india/madhya-pradesh-set-to-legalize-cultivation-of-cannabis-for- medical-purposes-

500887.html 

12. https://www.zamnesia.com/grow-weed/293-soil 

13. https://fluence.science/monitoring-ph-for-cannabis/ 

14. https://www.hoajonline.com/renewablebioresources/205 2-6237/2/1 

15. https://elevate-holistics.com/blog/the-best-seasons-for- growing-marijuana/ 

16. https://mobile.bingedaily.in/en/amp/how-to-grow-weed- at-home-in-india 

17. https://www.sensoscientific.com/blog-temperatures-and- medical-cannabis/ 

18. https://www.zamnesia.com/blog-the-ultimate- temperatures-for-growing-cannabis-n1142 

19. https://www.zamnesia.com/grow-weed/308-npkratios 

20. https://mjbizdaily.com/cannabis-requires-morewater-than-commodity-crops-researchers-say/ 

21. https://weedmaps.com/learn/the-plant/when-toharvest-cannabis 

22. https://bedrocan.com/medicinal-cannabis/ 

23. https://cannabislegale.org/the-top-medical-uses-of-cannabis/ 

  

https://doi.org/10.1016/j.isci.2021.103391
https://nida.nih.gov/download/1380/cannabis-marijuana-research-report.pdf?v=7fc7d24c3dc120a03cf26348876bc1e4
https://www.medicalnewstoday.com/articles/246392
https://www.indiatimes.com/trending/social-relevance/countries-where-marijuana-is-legal-551710.html
https://www.worldatlas.com/articles/countries-producing-the-most-marijuana-resin.html
http://www.indiatimes.com/amp/news/india/madhya-
http://www.zamnesia.com/grow-weed/293-soil
https://fluence.science/monitoring-ph-for-cannabis/
https://www.hoajonline.com/renewablebioresources/205%202-6237/2/1
https://elevate-holistics.com/blog/the-best-seasons-for-%20growing-marijuana/
https://www.sensoscientific.com/blog-temperatures-and-%20medical-cannabis/
https://www.zamnesia.com/blog-the-ultimate-%20temperatures-for-growing-cannabis-n1142
https://www.zamnesia.com/grow-weed/308-npkratios
https://mjbizdaily.com/cannabis-requires-morewater-than-commodity-crops-researchers-say/
https://weedmaps.com/learn/the-plant/when-toharvest-cannabis
https://bedrocan.com/medicinal-cannabis/
https://cannabislegale.org/the-top-medical-uses-of-cannabis/


 

 
Volume 04 - Issue 12 - December 2022       424 | P a g e  
 

Nanotechnology Need of Future Farming 
Article ID: 38147 

S. S Kinge1, A. J. Rathod2 
1Ph.D. (scholar) Department of Agronomy, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth Dapoli. 

2Ph.D. (scholar) Department of Agronomy, PGI, Mahatma Phule Krishi Vidyapeeth Rahuri. 

 

 

Importance and Need Nanotechnology 
Agriculture is the backbone of most of the developing countries, more than 60% of the population reliant 

on it for their livelihood. As well as developing improved conditions and delivering nutrients as appropriate, 

nanotechnology can improve our understanding of the biology of different crops and thus potentially 

enhance yield or nutritional values. In addition, it can offer routes to added value crops or environmental 

remediation. Fertilizer plays pivotal role I agriculture production up to 35 to 40% of the productivity. To 

enhance nutrient use efficiency and overcome the chronic problems of eutrophication, nano fertilizer might 

be a best alternative The nutrients applied through fertilizer at the wrong time or in wrong place or 

transformation of the nutrients has made them unavailable. Although taken up by the crop, the nutrients 

are not used for grain production due to other growth-limiting factors such as lack of mineral elements, 

insufficient water, or light. Several factors determine the fertilizer use efficiency in mustard crop at farm 

level. Among them are properties of soil, stages of crop and variety, season, water management, weed 

control, insect and disease, time of sowing cropping sequence, fertilizer application method, time and 

fertilizer sources. 

 

The use of fertilizer is being practiced to produce enough food for increasing production. However, the 

fertilizers particularly Nitrogen (N) and Phosphate (P) being used in many folds excess due to their low use 

efficiency and availability in the preferred chemical form uptake by plants. The typical use efficiency of 

nitrogen fertilizer (urea) is about 30-40 % and phosphate are about 15-20 % in most agriculture settings. 

The unutilized fertilizer input release to the environment and pollute soil, air, water and environment. 

Moreover, use of urea affects the soil pH that further affect the uptake efficiency of essential macro and 

micro nutrients by the plants. Sustainable agriculture, food availability and nutritional security are among 

the key sustainable development goals of the century. However, food security is now a challenging issue for 

the rising population due to the limited available resources with progressive climate change throughout 

the world. Human population is constantly on the rising making it a must to produce more food. As per UN 
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estimate planet earth will inhibit about 9.6 billion people by 2050 AD. This burgeoningly rising world 

population calls for commensurate increase in agricultural productivity to satisfy the food need of its 

inhabitants. Conventional fertilizers offer nutrients in chemical forms that are not often fully accessible to 

plants. Additionally, inversion of these chemical fertilizers to sparingly soluble forms in soil is the reason 

for the very low utilization of most of the added micronutrients. These problems make it imperative to go 

in for the repeated use of fertilizers. It is fairly well known that the yield of many crops has begun to drop 

as a result of imbalanced fertilization and decrease in soil organic matter. In addition to the irreparable 

damage that the excess use of chemical fertilizer causes to the soil structure and mineral cycles excessive 

(often indiscriminate) and imbalanced application of the fertilizer spoils the soil microflora, plants and 

consequently the food chain across generations of consumers. Heavy use of nitrogen (N) and phosphorus 

(P) fertilizer has become the major anthropogenic factor leading to world-wide eutrophication problems in 

freshwater bodies and coastal ecosystem. To deal with such situations it is very important to develop smart 

material that can systematically release nutrients to specific targeted sites in plants which could be 

beneficial in controlling their deficiencies in agriculture, while keeping intact the natural soil structure 

such as strategy has a potential to contribute to clean the environment through controlled release of 

nutrients through site targeted delivery, reduction in toxicity and enhanced nutrient utilization of delivered 

fertilizers. 

Scope Nanotechnology in Agriculture 

Nano fertilizers possess unique feature which enhance plant performance in terms of ultrahigh absorption, 

increase in production, rise in the leaves surface area. Beside the controlled released of nutrients 

contributes in preventing eutrophication and pollution in water resources. Replacement of traditional 

fertilizers by nano fertilizer is beneficial as upon application, it releases nutrients into the soil steadily and 

in a controlled way, thus, preventing the water pollution. Among most recent technical improvement in the 

field of agriculture. 

 

Nanotechnology holds an eminent position in remodelling agriculture and food production to fulfil the 

demands in an efficient and cost-effective way. Nanotechnology is a promising tool and has the potential to 

foster a new era of precise farming techniques and therefore, may emerge as a possible solution for their 

problems. Nanotechnology has the potential to improve global food production and food quality. Nano-

fertilizer are nutrient carriers of nano dimensions ranging from 30-40 nm and capable of holding bountiful 

of nutrient ions due to their high surface area and released it slowly and steadily that commensurate with 

crop demand  

The use of nano fertilizers not only causes increased use efficiency through ultra-high absorption of the 

nutrients, increase in photosynthesis caused by expansion in surface area of the leaves but also reduce the 

toxicity generated due to over application in the soil as well as reduces the split application of fertilizer. 

Nano fertilizers and nanocomposites can be used to control the release of nutrients from the fertilizer 
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granules to improve the nutrient use efficiency while preventing the nutrient ions from either getting fixed 

or lost to the environment.  

Nanotechnology applications in agriculture and food sector make more relevance and importance since the 

Indian economy is predominantly agriculture and given the large population to feed, the food security 

concern is the more serious. The Indian agriculture scenario is also characterized by diversity of soils and 

agro-climatic conditions and thus diversity in crops and fluctuation in productivity. Thus, offers as much 

potential challenges in agriculture like food security for growing numbers, low productivity in cultivable 

area, lower agricultural input efficiency, unsuitable farm management, increasing cost of fertilizers, soil 

and water pollution caused by fertilizers. To overcome these problems, we have to increase the use of this 

nano fertilizers for efficient and target specific use of fertilizers by the crops. 

Conventional fertilizers are generally applied to the crops by either broadcasting and spraying. However, 

one of the major factors that decide the mode of application is the final concentration of the fertilizers 

reaching to plant. In practical scenario, very less concentration (much below to minimum desired 

concentration) reaches to the targeted site to leaching of chemicals, drift, runoff, hydrolysis by soil moisture, 

evaporation, and photolytic and microbial degradation. It has been estimated that around 40-70 % of 

nitrogen, 80-90 % of phosphorus, and 50-90 % of potassium content of applied fertilizers are lost in the 

environment and cloud not reach to the plant which causes economic and sustainable losses. 

Nitrogen is a component of many important organic compound ranging from nucleic acid to proteins which 

is supply through urea but large amount of urea losses due to denitrification, volatilization and leaching 

losses. This increases the cost of fertilizers and cost of application of fertilizers. Fertilizers offer nutrients 

in chemical forms that are not often fully accessible to plants and required more time to get available for 

plant. Among the total quantity of fertilizer applied to soil large number of fertilizers loosed from soil. 

Additionally, inversion of these chemical fertilizers to sparingly soluble forms in soil is the reason for the 

very low utilization of most conventional fertilizers. These problems make it imperative to go in for the 

repeated use of fertilizers. To overcome this problem there is need to find out the alternate source of 

nitrogen from conventional urea. Nano fertilizers are the new frontier of nanotechnology towards 

sustainable agriculture. Nano urea manufacturing method provide a simplistic way to develop nano scale 

material for better crop production while significantly minimizing the Argo chemical leaching to the soil. 

Nano urea (liquid) contains nano scale nitrogen particles which have more surface area (10,000 times over 

1 mm urea prill) and number of particles (55,000 nitrogen particles over 1 mm urea prill). Further 

application of nano urea (liquid) improves yield, soil health, biomass, and nutritional quality of the produce. 

 

Nano fertilizers consist of nano materials which are defined as material size range of 1 - 100 nm at least in 

one dimension nano materials possess improved properties or phenomena (Liu and Lal, 2015). Due to 
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higher surface area to volume size ratio, absorption and their availability is manifold. It has dynamic 

chemical and physical properties over their conventional fertilizers. Nano urea easily enter through 

stomata and other openings and is assimilated by plant cells. It is easily distributed through the phloem 

from source to sink inside the plant as per the need and unutilized nitrogen is stored in the plant vacuole 

and is slowly released for proper growth and development of the plant. Small size (30-40 nm) of nano urea 

increases its availability to crop by more than 80%. 

The nanotechnology includes balanced nano fertilizer application by spraying the total vegetative plant 

parts. Nanotechnology can provide the solution to increasing the value of agricultural products and 

environmental problems by using fertilizer with nanoparticles. Thus, we can control the release of mineral 

elements added as fertilizers, The basis of the work of nano fertilizers is the rapid supply of nutrients and 

increase the duration of the fertilizer effect. Nano fertilizer has a significant impact on improving the 

solubility of other soil elements, displacing and replacing insoluble elements, reducing nutrient 

mineralization, increasing bioavailability and easily absorbed by the plant. 

In many risks averse, high value production system foliar fertilizers are marketed as insurance to minimize 

the potential impact of unpredictable nutrient deficiencies, the supply of nutrients by foliar fertilization 

represents a significant cost (per kg of applied element) and requires careful consideration of the relative 

benefits over conventional soil fertilizer application. 

 

Assumptions and Future Prospects 

The gap between production and consumption is more. There are losses of nitrogenous fertilizers in Indian 

soils. Productivity of mustard is very low because it is grown in rainfed condition, inadequate fertilizer 

deficiency of essential plant nutrients. Agriculture also has to face a number of challenges in crop 

production system such as yield stagnation. Multi-nutrient deficiencies, declining organic matter, low use 

efficacy of fertilizers, shrinking arable land, climate change, water availability and restricted labour. Indian 

soils are being exhausted heavily as 30 million tons of nutrient get losses while 20 million tonnes added to 

crops, leaving a net deficit of 10 million every year.  

The fertilizer response ratio of crops has declined drastically. Due to these socio-economic issues such as 

migration of peoples from farming, ever-increasing cost of cultivation and non- availability of labours, 

deterioration of natural bodies due to misuse of agro-inputs, this adds enormous pressure on agricultural 

scientist to evolve technologies that target multifarious problems of Indian agriculture. Nutritional 

deficiency is the most important factor after drought and salinity limiting plant growth and productivity. 

Reduced imbalanced and indiscriminate application of conventional fertilizer. Addressing soil, air and 

water pollution with precision targeted and balanced application of agri-inputs. 
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To address all the challenges ahead, we should think of an alternate technology by using nanotechnology 

to precisely detect and deliver the correct quantity of nutrients required by crop in suitable proportion that 

promote productivity while environmental safety. Nano fertilizers could be used to reduce nitrogen loss due 

to leaching, emission, and long-term incorporation by soil microorganism. They could have allowed for 

selective release linked to time or environmental conditions. Easy to application and have quick results. 

Increase crop productivity and quality at reduced input cost to farmer. Slow and controlled release 

fertilizers may also improve soil by decreasing toxic effects associated with fertilizer over application. 
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Weed control and weed management are the two terms used in weed science. Weed control is the process 

of limiting infestation of the weed plant so that crops can be grown profitably. Weed management includes 

prevention, eradication and control by regulated use, restricting invasion, suppression of growth, 

prevention of seed production and complete destruction. Thus, weed control is one of the aspects of weed 

management. 

 

Cultural Methods of Weed Control 
Weeds can be effectively controlled or their population pressure can be decreased in the field with the 

adoption of following agronomic manipulations/ cultural practices. Several cultural practices like tillage, 

fertilizer application, irrigation etc., are employed for creating favourable condition for the crop. These 

practices, if used properly help in controlling weeds. Cultural methods alone cannot control weeds, but help 

in reducing weed population. The various such methods are: crop rotation, time of sowing, plant density/ 

maintenance of optimum plant population, planting pattern /crop architecture, selection of quick growing 

varieties, growing of intercrops, tillage, dab system or stale seed bed preparation, mulching, soil 

solarisation, good crop husbandry management practices like proper placement of fertilizers and better and 

suitable irrigation methods. 

Mechanical Weed Control 
Removing the weeds physical or with tools/Implements (either manual/power operated) to control weeds is 

called mechanical methods. This is the oldest method adopted for the control of weeds since from the ancient 

times.  

Tools: It is a handle held instrument or equipment used by manual labour for mthe control of weeds. E.g. 

Hand-hoe, spade, sickle, scythe and crow bar. 

Implements: It is a handle held instrument or equipment which is larger in size, manual or animal or 

power operated used under outdoor conditions. Country pough is used for opening the soil, preparation of 

seedbed, covering the manure in the land, thinning of excess plant and removing the weeds. Blade harrow 

is a Bullock drawn row cultivation implement. It cuts the weed to 7.5 to 10 cm below the ground and leaf 

on the soil surface as mulch. In India, it is the common row weeding Implement on heavy black soils. It is 

locally called “Guntakka”. Junior hoe is general used in south India. It is not only used as a cultivator but 

also used as an inter cultivator for crops like cotton and sugarcane. It is a lite Implement primary designed 

for loosing the soil and eradicaing the weeds between the crop rows. Rotary Weeder - Japenese Rotary 

weeders; Dry land weeders – Star type and Peg type; Wet land weeder - Cono Weeder; engine operated 

power weeder. 
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Chemical Method of Weed Control 
Herbicide: It also called as phyto-toxic chemical. A chemical used for killing or inhibiting the growth of 

targetted plants (Herbicide word derived from Latin word herba means plant and caedera means kill).  

Acid equivalent (a.e.): The theoretical yield of parent acid from an active ingredient in acid-based 

herbicides.  

Active ingredient (a.i): The chemical compound in a commercial product that induces its herbicidal 

effects. 

Herbicide formulations: Herbicide formulation is defined as the process by which a toxic /active 

ingredient (a.i.) is made ready for use by blending with liquid or dry diluents by grinding and/or by addition 

of inert/inactive materials such as surfactant, wetting agent, emulsifier, stabilizer, spreaders, stickers, or 

antifoaming agents. Herbicides are originally manufactured in chemically pure forms which are too toxic 

for their direct use in the field. Herbicide formulations are nothing but the process of converting particular 

active ingredient into a commercially available form. Herbicides are sold in the market in different 

formulations. A formulation is a physical mixture of one or several herbicides and inert ingredients that 

provide effective, efficient and economical weed control. It is important to note that formulation is a 

physical and not a chemical mixture. This inert ingredient can be chemically or biologically active but have 

no herbicidal activity. The biological activity of herbicides depends, to a great extent, on the formulation, 

which is again largely governed by the physical and chemical properties of active ingredient and of the 

inert materials used in the formulation. 

Biological Method of Weed Control 
The biological control of weeds involves the use of living organisms, such as insects, disease organisms, 

herbivorous fish, other animals and competitive plants to limit their infestations. Biological suppression is 

an effective, environmentally safe, technically appropriate, economically viable and socially acceptable 

method of pest management. Biological method has gained too much popularity for the control of insect 

pests followed by fungal diseases in agricultural crops. Four types of bio-agents have been identified which 

can be successfully used for controlling terrestrial and aquatic weeds.  

Insects: Insects have been more frequently used than other animals. e.g., Parthenium hysterophorus is 

controlled by Zygogramma bicolorata; Cyperus rotundus is controlled by Bactra minima  

Plant pathogens: Many fungi are observed to attack specific weed species. e.g., Eichhornia crassipes is 

controlled by Cercospora rodmani; Johnson grass is controlled by Sphacelotheca holei.  

Bio-herbicide: Sprayable bio-agents, presently the fungal spores or their extracts applied like herbicides 

to kill the existing growth of weeds. Devine - Phytophthora palmivora against Strangler vine (Morrenia 
odorata; Collego - Colletotrichum gleosporoides against Joint vetch (Aeschyomene gleosporoides)  

Carp fish: Certain fresh water carp fish consume large quantities of aquatic weeds and they are very 

suitable for relieving water bodies of their massive growth of noxious, aquatic vegetation. e.g., Grass carp, 

silver carp and common carp.  

Competitive Plants: Certain plants which are highly competitive in nature are capable of suppressing 

some specific weeds without causing any meaningful hindrance to our interests. e.g., Cassia sericea is very 

competitive plant for eliminating Parthenium hysterophorus. 
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It is anticipated that there will be 9.7 billion people on the planet. By 2050. One of the major problems of 

our day is ensuring a sufficient, secure, and sustainable food supply. Maddy White discusses how 

automation may be the answer to the world's food security problem. We have heard about drones spraying 

pesticides on fields, equipment assisting to remove weeds, ploughing and harvesting fields, monitoring 

crops, and much more. All of these devices are merely variations on the Agribot. 

Therefore, the farmers won't need to toil in the heat of the sun when weeding, harvesting, or picking crops. 

For every task, there is a robot. It's not that the farmers have nothing to do; rather, they have to do the 

most challenging task, which is getting things done. They can relax while directing a machine to complete 

the necessary tasks. By doing so, they conserve time, effort, and energy that they can use just for planning, 

boosting agricultural productivity, and generating additional cash for themselves. 

Your mind will begin to wonder as soon as you read or hear this. 

a. How much will these agricultural robots’ cost? 

b. Will users be able to use Agribots' size and shape? 

c. How genuine will it be? 

d. How dependable will it be? 

Will it be attainable to farmers that lack literacy? 
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All of the responses to the aforementioned questions, fortunately, have a good spin. Robotic farming is 

slated to completely transform the agriculture sector. 

What are Agribots? 

Agricultural Robots, as they are commonly known, are simply robots powered by artificial intelligence that 

are helpful for farming operations. They result in the automation of agricultural procedures, which reduces 

the need for human labour and time expenditures in the industry while improving income, profit, and 

future. The country's food production levels have increased thanks to the assistance of agribots. By reducing 

physical labour and boosting agricultural productivity, they enable farmers earn twice as much money. On 

the website Kisan of India and YouTube channel, we have covered a number of tales on agribots. 

What can Agribots do? 

Nothing is impossible for believers, as the saying goes. The Agribots are created with the utmost conviction 

and faith. They are capable of handling several duties without being worn out. Among the duties are: 

1. Plant the seeds 

2. Maintaining plant life 

3. Soil examination 

4. Control of weeds 

5. Packing and sorting 

6. Picking and harvesting 

7. Environmental surveillance 

8. Automated seeding, spraying, and pruning 

9. Crop monitoring, crop sowing, and a tonne more. 

Types of Agribots 

1. Flying Agribots  

2. Field Agribots. 

Flying Agribots, as the name implies, are drones that can adjust their altitude to meet the needs of the 

fields. They may monitor the fields, apply herbicides and fertilisers, and more. Field Agribots, on the other 

hand, are the only ones that can get into the fields and reach every plant. They assist with weeding, crop 

sowing, harvesting, and watering the plants. The method of application is crucial since it determines how 

well they serve the crops and, consequently, the farmers. Agribots are available in a variety of sizes and 

forms depending on the task at hand. 

How do Agrobots Assist Farmers? 

Agribots are undoubtedly highly beneficial when they carry out all the fundamental and sophisticated tasks 

needed to produce crops. 

1. Agribots mounted on tractors can make decisions about where to plant, when to harvest, and the 

optimum path to traverse the countryside. 

2. Water will be needed in large quantities for irrigation and fertilisation of the crops using conventional 

methods. However, with Agribots' help, less water will be consumed since water waste will be reduced. The 

ground-based robots will move around the field and direct water to the plant's base. 

3. Even plant fertilisation may be assisted by robots. Robots that can fly work well for this. When growing 

maize, the plants develop quickly, making it challenging to fertilise them in a timely manner. Agribots can 

therefore assist in supplying nitrogen to each plant's root system. 

4. Spraying insecticides throughout the entire field to get rid of weeds is not advised. Agribots simulate 

micro spraying crops with precise amounts of herbicides. This lowers the amount of pesticides utilised, 

which lowers costs for farmers. 

5. By using computer vision detection that aids in weed detection, other agribots may simply uproot the 

weeds. 
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Agribots are yet another type of robot being created with artificial intelligence. Agribots included typically 

consist of five components: 

a. Sensors are essentially the robots' senses, which allow them to perceive their environment. These 

sensors provide the controller with data by way of electronic signals. 

b. The controller serves as the robot's brain. It receives messages from the sensors informing it of 

its environment. Additionally, robots are created and programmed to receive particular instructions 

or data. 

c. Drivers/Actuators - The robot's engine assists to propel the machine forward. 

d. Arms - These have the same shoulder, elbow, wrist, and fingers as our own arms. They carry out 

all of the tasks by according to the instructions supplied to the robot. 

f. End effectors are the components of the robot that interact with the workplace. 

Benefits 

We have already discussed the advantages of the agribots. Still, for the sake of clarity, let's name a few 

here. 

1. Reduction in labour. 

2. Precision in work. 

3. Swift and collected. 

4. To care for each and every plant, little yet useful. 

5. Saviour of resources like pesticides, fertilisers, water, medicines, and insecticides 

6. Makes work more productive. 

7. Enhances the produce's quality. 

8. Lower production costs 

9. Promotes kids farming careers. 

10. Supports farmers' ability to multitask. 

11. Encourage farmers to learn different skills, such as animal husbandry, in addition to farming. 

12. Work in challenging circumstances 

13. Don't ask for breaks since you're never ill or fatigued. 

14. They just need to invest once. 

Drawbacks 

Agribots are unquestionably helpful to farmers, yet occasionally they end up becoming a burden. 

1. Expensive to implement 

2. Another problem is maintenance. 

3. Research and development expenses are high. 

4. The necessity for time management is challenging. 

5. Robot utilisation is challenging due to power outages and shortages because they require power to 

operate. 

6. No ability to make decisions. 

7. Agribots are not available to poor farmers. 

8. No feelings for fields in bloom. 

Conclusion 

We now know what a robot, specifically an agribot, is. They are essential in helping us make wise judgments 

about farming. Agribots receive full grades for their structure and functions in a critical study. Despite the 

fact that their price is a serious problem, experts refer to it as a one-time investment. Another point of 

contention is how to maintain them; however, usage and time will reveal the truth. 
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Summary 

Natural farming is a sustainable method of cultivation which is based on the principle of equitable 

relationship between nature and farmers. The concept of natural farming is similar to that of conservation 

agriculture; however, it is totally different from that of organic farming. This article deals with the method 

of natural farming, its prospects and challenges in soil health. Natural farming has certain advantages and 

disadvantages which are covered briefly in this article. 

Introduction 

To meet the demands of burgeoning population, agricultural productivity needs to be sufficient. The rise in 

human population causes degradation of soil mainly by losing the topsoil and fertility. The restoration is 

difficult only with the application of synthetic fertilizers. Thus, the threats to natural resources by creating 

pressure on them needs to be handled for ensuring sustainability.  Natural farming is identified by NITI 

Aayog to anchoring a sustainable way of farming. Backed by the rich traditional knowledge and ensuring 

utilization of locally available natural resources, this practice could enable us to achieve ecologically 

sustainable and economically viable goals. 

Natural Farming 

Masanobu Fukuoka in his book “The one straw revolution” introduced the term natural farming. This 

system of farming is based on the principle that is in line with the conservation of biodiversity, ensuring 

sustainability (Xu 2006). This cultivation practice includes use of organic inputs such as farmyard manure, 

cow dung and urine, vermicomposts, green manures etc. and avoids the use of inorganic fertilizers.  

As the name suggests, it is a system of farming which resembles nature. Nature plays the dominant role 

in this system of farming practice. Also known as the Do-nothing farming or No-till farming, it focuses on 

the real work done by nature and no-till aspects in the process of farming. This includes the practices such 

as no-tillage, rotation etc. included in conservation tillage (FAO 2020). The huge importance given to 

natural farming is due to the no side effects of this agricultural practice along with the environmentally 

sustainable way of growing food. 

Prospects of Natural Farming for Soil Health 

Since natural farming is a very nature friendly practice involving technologies that minimize soil 

degradation, it is found to maintain better soil health. It offers prospects of sustained yields in the long 

run.  In the long term, it can have a positive impact on soil fertility while also managing problematic soils. 

Natural farming encompasses use of organic manures which can improve the soil physico-chemical 

properties which in turn contribute towards soil health. When we maintain proper ground cover, improve 

microbial populations and biological diversity in soil, it adds to the soil health and quality of soil improves 

dramatically (Mrunalini et. al., 2022). For this, we need to reduce the use of agricultural chemicals, and 

avoid tillage. However, the question here is how to produce the enough to feed the needy from the dwindling 

natural resources. To answer this, natural farming alone might not be sufficient. These pose several 

challenges in maintenance of soil health and improving agricultural productivity. 

Challenges of Natural Farming for Soil Health 

To improve agricultural productivity by natural farming is a real challenge as improving and maintaining 

soil fertility by the application of organic manures alone itself is challenging. Practicing natural farming 

approach can be tough especially in enhancing soil fertility and soil health. We have diverse soils, for which 
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a blanket recommendation is almost practically not possible. With this approach of natural farming, in the 

initial years, we can expect a shortfall in the yields, along with the huge burden of costs incurred on labour 

and natural inputs of manure. In case of pest outbreaks, farmers must resort to pesticides and natural 

ways may not be of much help under such circumstances. Agricultural chemicals such as pesticides, 

fertilizers are also expensive with huge costs involved in it. Organic inputs, though are locally available in 

most cases, are required in huge quantities incurring large expenses. Hence, financial stress and challenges 

are also a part of the practice, though experts say that natural farming reduces the cost of farming when 

compared to conventional methods of agriculture. 

Conclusion 

Soil health is of prime importance in maintaining sustainability of an ecosystem. To ensure that, we need 

to focus on practices that improve and maintain soil health. For which natural solutions are the best. 

Natural farming could be one of the systems that would enhance soil health by increasing soil structure, 

microbial abundance and microbial health and soil fertility. Thereby this could promote agricultural soil 

sustainability. 
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Abstract 

Pulses are an important source of proteins in Indian diet. But there are several biotic and abiotic factors 

which affect the yield of pulses. Insects are most important biotic factors causing considerable economic 

losses in pulses production. In order to control these pests, several preventive and corrective measures have 

been developed which are collectively called integrated pest management (IPM). IPM programmes have a 

proven track record of lowering pesticide-related hazards significantly while enhancing environmental 

quality, health, and welfare. 

Introduction 

Pulses form an integral part of the Indian diet as they are major source of proteins. The protein level of 

pulses is 20 to 25 per cent by weight, which is twice that of wheat and three times that of rice. India is 

world's largest producer, consumer and exporter of pulses. But there are number of factors which lead to 

low yield of pulses. However, losses driven on by insect pests are an important element. Thus, appropriate 

and efficient pest management techniques should be utilised to reduce the losses caused by them. 

Integrated Pest Management approaches reduce hazards to human health and the environment by using 

fewer pesticides while also being ecologically sound, safe, and effective in controlling pests. Different IPM 

tools, such as cultural practises, mechanical methods, biological methods, botanicals and synthetic 

insecticides, are well adapted to manage pest populations in pulse crops.  

A number of insect pests damage pulse crops. Among them gram pod borer, spotted pod borer, tobacco 

caterpillar, plume moth, hairy caterpillar, blister beetle, whiteflies, thrips, aphids are major pests causing 

significant yield losses. Below are descriptions of these pests’ damaging symptoms as well as efficient 

management techniques: 

Pod borer (Helicoverpa armigera): Helicoverpa armigera is a polyphagous pest. The larvae of the borer 

are 3-5 cm long and pale yellow or black in colour. Larvae first feeds on foliage, flowers later bores into 

pods and feeds on seeds. Presence of larvae can be observed from plant damage and dark green faeces on 

soil below the plants. H. armigera can be monitored by installing light and pheromone traps. Helicoverpa 

resistant varieties reduce the incidence. Various cultural practices such as early planting, intercropping of 

pulses with sorghum, pearl millet or sesamum should be adopted. Parasitoids such as Trichogramma spp 

(egg), Chelonus blackburnii (egg larval), predators such as, coccinellid beetles, spiders, dragon fly, reduviid 

bug, praying mantis, big-eyed bug (Geocoris sp), earwig, ground beetle, pentatomid bug etc. reduce the 

incidence. Nuclear polyhedrosis virus (NPV) (500 LE), Bacillus thuringiensis var kurstaki (5 WP) and 

azadirachtin 0.03% (2.5-5.0 L) can be used for eco-friendly management. These methods work better when 

combined with pesticides like indoxacarb, flubendiamide 39.35 SC and chlorantraniliprole 18.5 SC. 

Spotted pod Borer (Maruca vitrata): Maruca vitrata first appears as the plant begins to bloom. Larvae 

at full size have a whitish body covered in rows of noticeable black or brown dots on their dorsal surface. 

The flower buds, blooms, seeds, and green pods are all damaged by its larvae. A mass of leaves, flowers, 

flower buds, and pods that are interwoven by silken threads serves as the larva's food source. In order to 

manage M. vitrata resistant cultivars like ICPL 98001, ICPL 98003, ICPL 98008, ICPL 9804 can be grown. 

Intercropping with sorghum and release of larval parasitoid (Bracon lebetor) can sufficiently control this 

pest. Biopesticides like B. bassiana, neem seed kernel extract 5% and azadirachtin can reduces the 

incidence. Crop should be sprayed at the flower initiation stage with 100-125 litres of water per acre using 

a manually operated knapsack sprayer while using 60 ml Coragen 18.5 SC (chlorantraniliprole) or 40 ml 

Fame 480 SC (flubendiamide*) or 200 ml Kingdoxa 14.5 SC (indoxacarb) or 60 ml Tracer 45 SC (spinosad).  
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Tobacco caterpillar (Spodoptera litura): Spodoptera litura is a polyphagous pest. Its larger larvae are 

dark green in colour with black triangluar patches on their bodies, while the smaller larvae are black. It’s 

moths deposit eggs in masses covered with brown hairs on the underside side of leaves. First and second 

instar larvae feed voraciously and skeletonize the vegetation after hatching. The adult larvae later scatter 

and feed singly. In addition to leaves, they harm buds, blooms, and pods. Timely sowing of the crop should 

be ensured. Weeds like Itsit should be controlled as it acts as an alternate host. Egg masses and young 

larvae feed gregariously, so they can be collected and destroyed. Campoletis chlorideae and Eriborus 
argenteopilosus are efficient natural enemies. Biopesticides such as B. thuringiensis var kurstaki (5 WP), 

nuclear polyhedrosis virus (sl NPV) reduces incidence. Spraying of novel insecticides like Coragen 18.5 SC 

(chlorantraniliprole) or 40 ml Fame 480 SC (flubendiamide) ensures better management. 

Plume Moth (Exelastis atomosa): Plume moth adult is a petite, delicate moth with brown colouring and 

plumed wings and lays eggs on fragile pods and flower buds. Larva is 10 mm long, greenish brown in colour, 

and heavily covered in spines and short hairs. Larva inserts its head into the pod leaving its body outside 

and eats through fragile portions, unopened buds, and flowers. Large round hole is present on each locule. 

Crop rotation, intercropping with non-host plants, keeping the field well sanitised, and timely crop sowing 

are some cultural practises to manage this pest. Larval parasitoids such as Apanteles paludicolae and 

Diadegma sp. should be conserved. Emamectin benzoate and spinosad are efficient pesticides. 

Hairy caterpillar: The body of caterpillar is covered with hair. Only the midribs of the leaves are left after 

the caterpillar has consumed the leaf's green material. Due to a heavy attack, the crop can be completely 

destroyed. When they are young, they graze sporadically but on few plants. As the immature larvae are 

gregarious, they congregate in groups. It is possible to get rid of them by digging up the infected plants and 

burying the larvae with them. The adult caterpillars can be killed by stepping on them or by scooping them 

up and dropping them into kerosene-water. 

Blister beetle (Mylabris pustulata): The adults of blister beetle are robust with bright black and red 

stripes on the forewings. They emit fluid containing cantharidin which causes skin blisters. At the flowering 

period, most damage is done as they feed on tender buds and flowers of the plant preventing pod formation. 

Use of pheromone traps for monitoring, collection and destruction of grown-up larva and beetles in 

kerosinized water, Biopesticides such as Ha NPV 3 x1012 POB/ha, B. thuringiensis var kurstaki 5%WP, 

azadirachtin 0.03%WSP can be used along with Emamectin benzoate 5%SG or Indoxacarb 15.8%SC or 

Quinalphos 25%EC for efficient control.  

Pod sucking bug (Clavigralla gibbosa): The adults are a dark brown or grey colour. Both nymphs and 

adults penetrate the pod wall with their mouthparts to suck the sap from the sprouting seeds. The attack 

can be identified by the white spots that develop on the leaves and pods' surfaces. Continuous sap feeding 

causes the pods to dry up too quickly. Such pods contain seeds that are withered and deformed when they 

are opened. Additionally, these seeds are problematic during the post-harvesting process because they are 

susceptible to secondary fungal pathogen infection. Seeds contaminated by the pod bug do not germinate 

and cannot be used as food for humans. Intercropping red gram with green gram, black gram, cowpea, 

sorghum or pearl millet can delay the incidence. At seed filling stage, crop should be sprayed using 1250 

ml per acre homemade neem extract using 100-125 litres of water per acre with manually operated 

knapsack sprayer. Spinosad 45 SC or indoxacarb 14.5 SC are recommended insecticides. 

Whitefly (Bemisia tabaci): Whitefly nymphs and adults suck sap from the leaves, reducing the vitality 

of the plants. Whitefly excretes honeydew, on which sooty mould grows and causes the leaves to turn black 

and the normal photosynthesis to decline. When a crop is severely attacked, it completely blackens, which 

causes the leaves to dry up and finally causes the crop to perish completely. Whitefly acts as a vector of 

mungbean yellow mosaic virus. Clean cultivation such as removal of alternate hosts and leaves should be 

ensured. Use of yellow sticky traps to trap adult flies. Seeds should be treated with Imidacloprid 17.8 SL 

or Dimethoate 70 WS. Spraying of neem seed kernel extract 5% or azadirachtin 300 ppm, foliar spray with 

Dimethoate 30 EC or Imidacloprid 17.8 SL reduces the incidence of whitefly. 

Aphids (Aphis craccivora): Adults of aphids are shiny black, 2 mm long. Nymphs are grey and dull in 

colour covered in waxy coating. Nymphs and adults of aphids suck sap from the leaves, pods and tender 

buds. They excrete honey dew, which attracts sooty moulds. It transmits mosaic viruses. Fungal pathogens 

such as Fusarium pallidoroseum and Verticillium lecanii can be applied. Predators such as Cheilomenes 
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sexmaculata and Coccinella septempuncta and parasite Trioxys indicus significantly reduces aphid 

population. Spraying with neem seed kernel extract 5% or azadirachtin 300 ppm and foliar spray with 

Dimethoate 30 EC or Imidacloprid 17.8 SL can effectively control aphid population. 

Thrips: Thrips are small, dark brown insects present in flowers. It causes flower drop, deformation of pods, 

hinder grain quality which ultimately reduces the yield. Severe incidence leads to bushy growth of plants 

bearing few pods with shrivelled grains. Timely irrigation at an interval of 15 days should be practiced. 

Seed should be treated with Thiomethoxam 70 WS+ foliar spray of thiomethoxam 25 WG, Spraying of 

Dimethoate 30 EC at bud initiation stage. 

Conclusion 

India is the largest producer and consumer of pulses in the world. Pulse crops are chief source of proteins 

in India. But there are several constrains in production of pulses. Insect pests are most important among 

them all. To solve these pest problems at no or low risk to living beings and the environment, eco-friendly 

method of pest control is required. For the management of pests in pulses, several integrated management 

strategies are developed which reduces environmental risk associated with pest management by 

encouraging the adoption of more ecologically benign control tactics. 
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Summary 

MSME sectors are the main employment generating sectors in the country. Pradhan Mantri Mudra Yojana 

(PMMY) is a bold step by the Indian government to “fund the unfunded”, to develop the micro-enterprise 

sector. It is one of the flagship schemes, Micro Units Development & Refinance Agency Ltd. (MUDRA) to 

extend credit support to non-farm income generating activities. The PMMY was launched during April 

2015 to give unsecured loans of up to Rs 10 lakh, with the objective of boosting self-employment. As a result, 

a total of 11.2 million new jobs, 55 per cent of which accounted for self-employment, were created 

through Mudra loans between 2015 and 2018. It also created 5.1 million new entrepreneurs. PMMY is one 

of the most important schemes for promotion of financial inclusion in India. 

Introduction 

Micro and small enterprises are considered as a key driver of economic and social development in the Indian 

context. They are the main employment generating sectors in the country. Financing these MSME sectors 

has received lot of attention in the recent years. Finance is essential for the survival of every business 

enterprise in the country. Hence, Pradhan Mantri Mudra Yojana (PMMY) is a bold step by the Indian 

government to “fund the unfunded”, to develop the micro-enterprise sectors. Under the flagship scheme, 

Micro Units Development & Refinance Agency Ltd. (MUDRA) was launched on 8th April, 2015, to refinance 

banks and NBFC-MFIs to, in turn, extend credit support to non-farm income generating activities. 

According to the MUDRA, the non-corporate small business sector (NCSBS), the market segment to which 

PMMY caters, adds INR 6.28 trillion annually to the Indian economy. If PMMY covers all NCSBS 

borrowers and completely meets their financing requirements, the sector may add another INR 1.25–1.89 

trillion annually to the GDP.  PMMY is one of the most important schemes for promotion of financial 

inclusion in India. Under this scheme, people can take a loan up to Rs. 10 lakhs to start their businesses. 

About MUDRA 

MUDRA stands for Micro Units Development & Refinance Agency Ltd., is a financial institution set up by 

Government of India for development and refinancing of micro units’ enterprises. It was announced by the 

Hon’ble Finance Minister during the financial year 2016. The purpose of MUDRA is to provide funding to 

the non-corporate small business sector through Banks, NBFCs and MFIs. 

Categories of MUDRA 

There are three types of mudra loan schemes which includes Tarun, Kishor, and Shishu. 

Name of Scheme Loan Amount 

Shishu Up to Rs.50,000 

Kishor Rs.50,000 to Rs.5 lakh 

Tarun Rs.5 lakh to Rs.10 lakh 

Performance of MUDRA Scheme in India (2015-2021) 

The number of MUDRA scheme sanctioned, amount sanctioned and disbursed in India during 2015-16 to 

2020-21 are furnished below. 

Table 1. Performance of MUDRA in India: 

Financial 

Year 

No. of PMMY 

Sanctioned 

% Growth Amt. Sanctioned 

(Rs. In Cr.) 

Amt. Disbursed 

(Rs. In Cr.) 

2015-16 3,48,80,924 - 1,37,449.27 1,32,954.73 

2016-17 3,97,01,047 31.86 1,80,528.54 1,75,312.13 

https://www.business-standard.com/topic/mudra-loans
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2017-18 4,81,30,593 40.57 2,53,677.10 2,46,437.40 

2018-19 5,98,70,318 26.53 3,17,722.79 3,11,811.38 

2019-20 6,22,47,606 5.74 3,37,495.53 3,29,715.03 

2020-21 5,07,35,046 -5.45 3,21,759 3,11,754.07 

(Source: MUDRA ANNUAL Reports 2015-16 to 2020-21) 

From the table 1 it is evident that year on tear there is an increase in growth percentage of MUDRA, but 

except for the year 2019-20 and 2020-21. Due to covid situation and frequent lock down the beneficiaries 

were lacking access to financial institutions, hence there was a declining growth during the last two years. 

Purpose of MUDRA 

MUDRA loans can be taken for many reasons that help in creating employment and generating income. 

The main purposes for which Mudra loans taken are; 

1. Business loan for shopkeepers, traders, vendors and other activities in the service sector 

2. Equipment finance for small enterprise units 

3. Working capital loan via MUDRA cards 

4. Transport vehicle loans 

5. People involved in Agri-allied non-farm income generating activities such as poultry farming, bee-

keeping, pisciculture, etc. can apply for a Mudra Loan. 

6. People who use tractors, tillers as well as two wheelers for commercial activities can apply for a Mudra 

Loan. 

Activities Covered Under Mudra Loan 

The list of activities that are covered under Mudra Loan are: 

1. Food products sector 

2. Transport vehicles used for transport of both goods and passengers 

3. Communities, social, and personal service activities 

4. Business loans for shopkeepers and traders 

5. Textile products sector and activities 

6. Agriculture related activities 

7. Equipment finance scheme for Micro Units. 

Self-Employment and Employment Generation 

The PMMY was launched during April 2015 to give unsecured loans of up to Rs 10 lakh, with the objective 

of boosting self-employment. As a result, a total of 11.2 million new jobs, 55 per cent of which accounted for 

self-employment, were created through Mudra loans between 2015 and 2018, the survey report showed. 

Mudra loans led to the creation of 5.1 million new entrepreneurs. 

Conclusion 

It is concluded that MSME sectors are the main employment generating sectors in the country. Pradhan 

Mantri Mudra Yojana (PMMY) is a bold step by the Indian government to “fund the unfunded”, to develop 

the micro-enterprise sector. Under the flagship scheme, Micro Units Development & Refinance Agency Ltd. 

(MUDRA) was launched on 8th April, 2015, to refinance banks and NBFC-MFIs to, in turn, extend credit 

support to non-farm income generating activities. PMMY is one of the most important schemes for 

promotion of financial inclusion in India. Under this scheme, people can take a loan up to Rs. 10 lakhs to 

start their businesses. It also created 5.1 million new entrepreneurs. 
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Introduction 

In the 21st Century, the millennium development goals are to feed the growing population, to eradicate 

hunger and malnutrition by ensuring adequate food and nutrients supply. Present day plant breeding 

techniques are used to develop high yielding crop varieties which is essential component for crop production 

that leads to increase in production. But traditional plant breeding techniques are a slow process, with the 

release of new varieties taking up to 12 years of time, which include developing lines, crossing, evaluation, 

identification and obtaining true breeding by selfing. One of the ways to accelerate genetic progress in 

obtaining cultivar in short time is by producing doubled haploids (DH).  

Doubled haploid (DH) technology is a method of using biotechnology to reduce variety development time. 

Genetically pure inbred plants generated in a single year called doubled haploids. Plants known as doubled 

haploids have two sets of chromosomes that develop from haploid pollen grains. It has the potential to have 

a combination of extremely varied phenotypes because it is homozygous at every locus. A genotype called 

a twofold haploid (DH) is created when haploid cells experience chromosome duplication. In plant breeding, 

the artificial creation of doubled haploids is important. The relevance of homozygous lines in breeding 

programmes using doubled haploids cannot be overstated. Plant breeders can produce pure lines using 

doubled haploid procedures in just one generation, which can speed up the breeding process for new 

cultivars. In the case of doubled haploids, heterosis is fixed. Since then, numerous attempts have been 

made, leading to the publication of procedures for over 250 plant species from almost all of the plant 

kingdom's families. Although their widespread use is still restricted to a few selected species, doubled 

haploids (DH) have actually been regularly utilised in breeding for several decades under ideal 

circumstances. 

Haploid and doubled haploid are the best method of creation of variation and it fixes heterosis in single 

generation. Developed doubled haploid plant is completely homozygous at all loci and it is used to produce 

a variety in self-pollinated crop while, inbred line can be produced in cross pollinated crop with high 

inbreeding depression. So, for facilitating increased genetic gains per cycle and increased efficiency of the 

breeding program, it is indispensable to understand the idea and influence of DH in vegetable crops 

improvement. 

Doubled Haploid Breeding 

A line or plant which is obtained by doubling the chromosome number of haploid individual or plant is 

regarded as doubled haploids (DHs). Doubled haploid techniques provide plant breeders with pure lines in 

a single generation, which may save considerable time in the breeding of new cultivars. Two steps in 

doubled haploid techniques, Haploid induction and doubling of chromosome number. 

Haploid 

A cell (especially gametes or germ cells) containing half of the number of chromosomes in somatic cells. 

They are smaller, exhibit lesser plant vigour and are sterile due to the inability of their chromosomes to 

pair during meiosis. Haploids contain only the chromosome set found after meiosis in male (sperm cells) or 

female (egg cells) gametes. 

Why there is Need of Doubled Haploid? 

1. For development of homozygous lines which are used in hybrid seed production.  

2. For fixation of heterosis: doubled haploids are required because are more homozygous as compared to 

conventional breeding methods. 
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3. For mutational studies and easy to induce mutation by chromosome doubling which can be done by 

colchicine treatment so there is induction of mutation.  

4. For production of biotic and abiotic stress resistant plants. Heterosis can be fixed. So, by choosing parents 

of different biotic and abiotic stress resistance we can select resistant plants.  

5. For cytogenetical research.  

6. For induction of genetic variability at haploid level.  

7. For evolutionary studies.  

8. For genome mapping as genetic maps are very important to understand the structure and organization 

of genomes. 

Doubled Haploid Production Methods 

In vitro method 

In vivo method 

In vitro methods include androgenesis and gynogenesis. Androgenesis is the process of induction and 

regeneration of haploid and doubled haploids derived from male gametes. Due to its high potency and 

applicability to a large number of plant species, DH has great potential for plant breeding and commercial 

use. For example, brassica. Maternal haploid in vitro induction, called gynogenesis, is another pathway 

that produces haploid embryos exclusively from the female gametophyte. This can be achieved by in vitro 

culture of various unpollinated flower parts such as ovules, placenta-attached ovules, ovaries, or whole 

flower buds. Gynogenic reproductive have greater genetic stability and a lower proportion of albino plants 

compared to androgenic, but gynogenesis is primarily found in plants where other induction techniques, 

such as androgenesis and the pollination methods described above, have failed. Used in Female induction 

by unpollinated flower parts has been successful in several species such as onion, beet, cucumber, squash, 

gerbera, sunflower, wheat and barley, but applications for reproduction are mainly for onion and beet is 

limited to the success of method and its efficiency are strongly influenced by several biotic and abiotic 

factors. The genotype of the donor plant combined with the growth conditions is decisive. For example, 

onions show marked differences in embryo yield between lines and between plants within lines.  

In vivo method includes other methods like distant hybridization crosses followed by chromosome 

elimination, bulbosum technique, parthenogenesis and inducer-based approach. Again, parthenogenesis 

includes pseudogamy, semigamy and apogamy. Successful hybridization with Brassica napus has been 

achieved using Brassica elongata, B. fructiculosa, B. souliei, Diplotaxis tenuifolia, Hirschfeldia incana, 

Coincya monensis and Sinapis arvensis. The ‘bulbosum’ method was the first haploid induction method to 

produce large numbers of haploids across most genotypes and quickly entered into breeding programmes. 

Inducer based approach means the haploid inducing lines have been used in maize to produce haploids by 

development of unfertilized egg cells. Haploid seed induction rate of inducer lines is 8-12 %. 

a. Apogamy: Development of sporophyte directly from gametophyte, without fusion of gametes; 

such sporophytes have the same chromosome number as the gametophyte from which they have 

been derived (apospory, diplospory).  

b. Parthenogenesis: A haploid embryo develops from the haploid egg.  

c. Pseudogamy: Pollination serves as a stimulus for embryo development but the egg and sperm 

nuclei do not fuse. Fusion of the polar nuclei with one of the sperm nuclei may occur to produce 

endosperm. 

d. Semigamy: The haploid sperm nucleus enters the egg but does not fuse with the haploid egg 

nucleus. Each nucleus divides independently creating a haploid embryo that contains sectors of male 

and female origin. 

Methods of Chromosome Doubling 

1. Endomitosis - chromosome multiplication and separation but failure of spindle leads to one restitution 

nucleus with chromosome number doubled. It has also been called ‘Nuclear Restitution’. 

2. Endoreduplication - is phenomenon of DNA or chromosome doubling without cytokinesis. 

3. C-mitosis - endomitosis under the influence of colchicine. 

4. Nuclear fusion - it occurs when two or more nuclei divide synchronously and develop a common spindle. 

Thus, two or more nuclei could result with doubled, polyploid or aneuploid chromosome number. 
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Factors Affecting Doubled Haploid Production 

1. Genotype - The genotype of the donor plants affects the haploid induction and also the subsequent 

regeneration of embryos. 

2. Pretreatment- cold treatment of inflorescences prior to culture, hot treatment of cultured microspores. 

3. Basal medium- culture on “starvation” medium low with carbohydrates and/or macro elements followed 

by transfer to normal regeneration medium specific to the species. 

4. Chromosome doubling - various agent like colchicine, acenanaphthene, chloramphenicol, nitrous oxide 

etc. 

5. Physiological condition of donor plants - growth at lower temperature and high illumination.  

6. Culture conditions - Physical factors during tissue culture like light and temperature. 

Advantages of DHs 

1. Development of large number of homozygous lines, efficient genetic analysis and development of markers 

for useful traits in much less time. 

2. To produce homozygous lines after a single round recombination saves a lot of time. 

3. Possibility of seed propagation as an alternative to vegetative multiplication in ornamentals, and in 

species such as trees in which long life cycles and inbreeding depression preclude traditional breeding 

methods. 

4. Random DHs are comparable to the selected lines in pedigree inbreeding. 

Constraints of Doubled Haploid 

1. Success of DH method is genotype dependent 

2. Frequency of haploid occurrence is low  

3. Evaluation of inbred lines will require at least as much time as usual 

4. Less recombination can occur compared with inbreeding 

5. Frequency of haploid production impossible to predict 

6. Health concerns related to handling the doubling chemical agent. 

Conclusion 

Doubled haploid technique is the best method for rapid fixation of homozygosity in the recombinants and 

rapid development of new breeding material. Doubled haploid onion and their derived hybrid has higher 

value in vegetative vigour, bulb quality and uniformity. Doubled haploidy is very efficient tool for the 

production of completely homozygous lines from heterozygous donor plants in a single step. The technology 

not only gives you the chance to speed up traditional breeding methods, but it also gives you more flexibility 

because it can be used at any generation, so you can quickly respond to changing market needs. 

Additionally, it offers significant opportunities to enhance the nutritional value and quality of the grain in 

order to address the issue of malnutrition. 
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Introduction 

The monetary system in which the government institutions such as National treasuries, Central banks 

provides the money to the people of a country. National treasuries are responsible for the money 

management and expenditure of the country. The Central Bank (eg: RBI) is solely responsible for the 

currency and supply of the money in the country. It regulates the commercial bank activities and country's 

interest rates.  

Dharmapalan et. al., (2016) found that the cash transactions remain always high inspite of development 

in the financial technology. 85% of the global consumers prefer paper-based transactions. Despite there are 

broad choices of debit, credit solution, both the developed and developing economies has the highest number 

of cash transactions. 

In the present era, the digital and online usage among the consumers is increasing gradually. Consumers 

were not satisfied with the online debit and credit card payments. This led to the development of 

decentralized cryptocurrency called bitcoin invented by Satoshi Nakamoto. The number of cryptocurrencies 

is more than 2000 which includes Lite coin, Ethereum, Ripple etc... which trade in 

exchanges(https://coinmarketcap.com). These cryptocurrencies are not legally approved in many of the 

countries because it is not regulated by the government of the country.  

For the past few years, the central bank and government institutions were studying the implications of the 

digital currency. Therefore, there was a question that, whether the central bank need to issue the digital 

currency. Issuing the digital fiat currencies by the central banks provides trust to the consumers. 

Digital Fiat Currency 

Digital Fiat Currency is an innovative mechanism which provides a trust worthiness transaction across 

electronic payments. This currency can be implemented through central banks and Digital fiat currency 

accounts.  

Through central banks of the country, the banks provide a digital fiat account to every citizen providing 

the account number, payment cards. This mechanism has been taken by the Central bank in Ecuador. 

Through Digital fiat currency accounts, the bank accounts can be transformed into the bank deposits which 

can be monitored by the financial intermediaries. This drastically reduces the burden of the central banks 

of the country (Said, 2019) 

Digital fiat system producing fiat currencies which reduces the cost of producing and printing the physical 

money. The physical cash involves high cost in moving from one place to another place. Lifetime of the 

physical cash ranges from one to 15 years (notes) and 30 years (coins). This Digital Fiat Currency reduces 

all these costs compared to the traditional currencies. 

DFC will also make it easier for the government to receive payments from individuals for taxes, subsidies, 

and other obligations, increasing efficiency and preventing leakage with effective management. DFC might 

simplify the usage of e-commerce services, making it simpler for customers to place purchases and make 

payments online. 

The regulator will be able to monitor the monetary system and real-time data that could help with 

monetary policy management thanks to DFC. The ability to track changes in the money velocity, the effects 

of monetary policy changes, and currency management will be made possible by real-time information. A 
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guarantee that these digital currencies are legitimate and have the necessary legal attributes to be used 

with confidence in payments is provided by the central banks' issuing of DFC. 

Conclusion 

The rapid issuance of crypto currencies may be addressed by DFC, which also presents numerous options 

for governments to achieve their objectives for financial inclusion. On the other hand, DFC might also assist 

the government in its efforts to save costs and monitor financial dealings with citizens (e.g. taxes, subsidies, 

...etc.). Despite all the advantages DFC could offer to governments, more study will still be required in 

several areas to achieve the goal of this shift. In order to achieve the highest level of security for DFC 

transactions and make sure that it is safeguarded against fraud and citizen cyberattacks, security is one 

of the most crucial topics that will require additional research. 
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Stress is a phenomenon that restricts crop productivity and also reduces plants metabolic activities as well 

as growth and development of plants. The effects of stress on plant conditions are called strain. Stress is 

the action whereas strain is the reaction. Strain may be elastic or plastic. Elastic strain, up to a point, a 

stress may be completely reversible as when the stress is relieved, the plant become normal. Plastic strain, 

beyond the point of elastic strain, the stress may be partially reversible or partially irreversible which is 

called plastic strain or permanent stress. In agriculture, crops are mainly affected by a wide range of 

environmental stresses. Mainly two types of environmental stress (biotic and abiotic) that effects plants 

growth and development. The abiotic stress damages crop plant worldwide and includes floods, drought, 

high and low temperature, salinity and radiation stress etc. On the other hand, attacks by various 

pathogens like bactria fungi, nematodes etc. are included in biotic stress. 

Impact of Stresses 

Abiotic stress: Abiotic stress includes drought stress, Heat stress, Cold stress, Salt stress etc. Plants are 

affected by no of abiotic stresses which impacts on the crop productivity. These abiotic stresses are 

interrelated with each other and creates many problems in plants like osmotic stress, malfunction of ion 

disturbance etc. Cold stress causes chilling injury and freezing injury in plants due to low 

temperature and freezing of fluids with in the plants whereas Heat stress causes reduction of plant growth 

and crop quality, oxidative stress, alteration in photosynthesis, alteration in dry matter partitioning and 

yield reduction. High moisture stress is mainly due to excess of water in the field causes oxygen deficiency 

resulting depressed growth and survival of plants whereas Drought stress is mainly due to the scarcity of 

water hampering plant biomass production, quality and energy of plants as well as shorting the life cycle 

of the plants. Salt stress occurs due to problems like lack of rain, excessive evaporation and lack of drainage 

and constitute reactive oxygen species (ROS) such as H2O2, OH- are produced in plant cells, in mitochondria 

and chloroplast and also decreases photosynthesis rate of the plants. Abiotic stresses are directly or 

indirectly effect the growth of plants by reducing water availability to plants due to increasing water soluble 

salt in soil and plants suffer from increased osmotic pressure outside the root and also, effects water and 

ion status and photosynthesis of the plants. Drought and salinity affect photosynthesis by changing the 

levels of pigments, enzymes and the structure of the organelles. Under abiotic stress, the growth and 

development, metabolism and yield of plants are adversely affected.  

Biotic stress: Biotic stress occurs as a result of damage done by living organism such as bacteria, fungi 

viruses, parasites, beneficial and harmful insects, weeds, and cultivated and native plants. These biotic 

stress agents cause various types of diseases, infections and damage to crop plants and ultimately affected 

the crop productivity. The biotic injury impacts on crop yield through changing population dynamics, plant 

stress or co evolution and ecosystem nutrient cycling. 

Biotic stress agents directly deprive their host for its nutrients leading to reduced plant vigour and in 

extreme cases, death of the host plant. Biotic stresses are reducing photosynthesis, as viruses’ infections 

reduces the rate of photosynthesis and chewing insects reduces leaf area of the plants. Biotic stress is a 

condition in which plant can’t maintains its normal growth due to the infections within the plants by 

harmful microorganisms. These harmful microorganisms show various types of symptoms like stunting, 

wilting, chlorosis and browning of leaves within the plants. The infection in a plant by the combination of 

these harmful microorganisms (fungi, viruses, mycoplasma, nematodes and bacteria) causes severe damage 

to the plant, rather than infection by individual microorganism. 

The biotic stress is an adverse condition in which the yield losses of crop plants are very high. The biotic 

stresses are responsible for low productivity in many crop plants like cereals, pulses and others crops. The 
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losses due to biotic stresses are not only hampering crop plants but also create high risk for food and 

nutrition security. 

Management Practices for Stresses in Plant 

Management practices for stress within the plants are very complex and difficult but the levels of stresses 

in plants are controlled up to a limit by different management practices. 

Mitigation of Abiotic Stresses 

Drought stress: Drought stress is controlled by foliar spray of 2% DAP + 1% KCl during critical stage of 

flowering and grain formation, Split application of N and K fertilizer in cotton at 45 and 60 DAS, 3% kaoline 

spray at critical stage of moisture stress and Foliar application of 5% of cycocel in the plants. 

Flood stress: Provide adequate drainage for draining excessive stagnating water around the root system, 

Balance use of fertilizer NPK (NPK + lime) and foliar spray of 100 ml ppm salicylic acid for increasing stem 

reserve utilization under high moisture stress. 

High temperature: Overhead irrigation to avoid sunburn, plants need to be cultivated under shade 

condition and application of ethylene enhance the seed germination. 

Salt stress: Seed hardening with NaCl (10 Mm concentration), Spray of 100 ppm salicylic acid and Spray 

of 40 ppm of NAA for arresting pre-fall of flower /buds/fruits. 

Mitigation of biotic stresses: Biotic stresses are controlled by different mechanisms that have been 

developed through research approaches to minimize the level of biotic stresses with in the plant. In the 

plants, the biotic stresses are minimized by studying the genetic mechanism of the biotic stresses’ agents 

(Bacteria, Fungi, Nematodes, Viruses and Mycoplasma) causing these stresses. It has been seen that 

Genetically Modified (GM) crops like Bt. cotton have proven to be the great effort against biotic stresses in 

plant. This is done by developing the resistant varieties of crop plants. 

Conclusion 

Plants are constantly being exposed in the adverse conditions of the environment, but plants have 

developed different mechanisms to survive and adapt under various types of stresses (Biotic and Abiotic). 

Recent advances in the field of genomics have widened our view regarding plant signal transduction. The 

anthropogenic activities such as inappropriate irrigation, excessive fertilizers and exploitation of metal 

resources can increase salt stress. Under these stresses’ conditions, plant will adversely be affected by 

Biotic and Abiotic stresses. This is minimizing by developing stress tolerant cultivars in order to secure 

food security. If these stresses are not controlled then the plants will continuously suffers from these 

stresses and this is a great thread for agriculture. 
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Introduction 

Oilseed crops are the second most significant factor in the Indian agricultural economy, after cereals. In 

India, about 25 million ha of land under rainfed conditions is being utilized for the cultivation of vegetable 

oil producing 32 million tonnes of oilseeds annually of which 27% of oilseed and 35% of oil production is 

contributed by mustard (NFSM, 2018). Though mustard has higher rate of production in comparison with 

other oil crops, a deceleration in general was observed due to their relative lower profitability against 

competing crops like maize, cotton, chickpea, etc under marketing situations and prevailing cultivation 

constraints.  Considering the growing domestic demand for edible oils and hike in prices and exchequer on 

importing goods, arise the need to scale up the oilseed production to fulfill the domestic requirement, one 

of the means for achieving this goal is by introducing Genetically Modified crops to farmer. 

GM Crops 

Genetically Modified Plants are plants that are developed to induce a new trait by recombinant DNA 

technology. Genetic Engineering is utilized to modify the DNA of the plant to produce GM plant varieties 

that can be cultivated as food crops or non-food crops. A specific protein, along with DNA sequence, such 

as promoter, enhancers, UCE which regulates the production of proteins is encoded by the inserted DNA 

fragment. For the easy identification of plants marker gene is induced in the inserted fragment that 

incorporates the transferred gene. Through the transfer of genes, a limitless possibility of crop 

improvement can be achieved such as  

1. Increased Nutritional Content 

2. Resistance against biotic and abiotic stresses 

3. Increased shelf-life 

4. Commercial advantage. 

GM Mustard 

As mustard (Brassica juncea (L.) Czern) is a self-pollinating crop, developing a hybrid is difficult to 

overcome this issue a team from Delhi university led by Professor Deepak Pental worked on developing 

Dhara Mustard Hybrid-11 (DMH-11) through genetic manipulation on inducing sterility and non-selective 

herbicide resistance by identifying and utilizing BARNASE, BARSTAR, and BAR genes (Krishna Ray, 

2007).  

The BAR gene is exploited at the commercial cultivation level as the BAR gene exhibits the ability of a 

plant to tolerate glufosinate spray that is used to kill weeds, by blocking the enzyme responsible for 

nitrogen metabolism and detoxifying ammonia caused by the phosphinothricin an active compound in the 

Glufosinate herbicides. The BAR gene produces an enzyme that detoxifies phosphinothricin and prevents 

it from blocking nitrogen metabolism pathways and detoxifying ammonia and causing damage to the plant, 

this ability can be utilized as an effective post-emergent weed control (Heap, 2018). 

Male sterility and restoration can be effectively achieved by exploiting the BARNASE- BARSTAR system. 

BARNASE is a bacterial protein possessing ribonuclease activity, consisting of 110 amino acids, 

synthesized and secreted from Bacillus amyloliquefaciens. The BARNASE gene using a tapetum-specific 

gene promoter TA29 is expressed on the tapetum cells. The major function of tapetum is to provide 

nutrients to the developing pollen, this function is affected by the expression of the BARNASE gene as the 

tapetum is destroyed due to the action of RNase enzyme resulting in pollen degeneration leading to male 
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sterility in the resultant transgenic plant. The transgenic male sterile parental line can be used as a female 

parent (Varuna) and fertilized by another parent (European EH-2) harbouring the BARSTAR gene to 

develop the hybrid (DMH-11). The BARSTAR gene acts as an inhibitor of BARNASE, the inhibitor binds 

to BARNASE gene which impedes its ribonuclease active site, preventing the damage cell's RNA. 

Consequently, the hybrid obtained from these two lines is a fertile hybrid, the first hybrid obtained from 

this BARNASE- BARSTAR system is DMH-11 with an increased yield of 28% than mega-variety Varuna 

and 37% over the zonal checks. Achieving an efficient pollination control system in mustard has led the 

path to developing even higher-yielding hybrids (Krishna Ray, 2007; ICAR, 2022). 

Procedure for Approval for Field Trials and Environmental Release of GM Crops 

 
(MoEF&CC,2015) 

Impact Of GM Mustard on the Indian Agriculture System and its Economy 

It is reported that 60% of edible oil is imported to meet Domestic demand which was valued at ₹1.25 lakh 

crore for FY2021 (The Hindu, 2022) Hence arises the urgent need to increase yields of large oilseed crops 

like mustard and soybean. Introducing GM mustard into the Indian agricultural system will contribute to 

India's self-sustenance with respect to the production of edible oil, as GM mustard hybrid DMH-11 has 

reported increased yield by 25-30 percent, the domestic production of edible oils will rise significantly as 

mustard is one of the important oilseeds in India, the increased yield will attract farmers to cultivate Gm 

mustard as a Rice fallow crop utilizing 11.7 mha of fallow land or as the main crop further increasing the 

area of oil seeds under cultivation. The release of GM mustard parental lines would allow public and private 

organizations to Utilize the Barnase-barstar technology to produce productive hybrids. 

Concerns about Utilizing GM Mustard 

The concerns that have arisen among the general public and environmentalists on the cultivation of GM 

crops are the possibility of gene transfer, production of antibiotic-resistant genes in targeted organisms, 

induction of allergenicity, biodiversity may be affected and specific health concerns due to food safety 
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(Preeti Kaushik, 2018).  One of the biggest concerns while introducing GM crops is its impact on the natural 

ecosystem, as GM mustard has Modified flowering and pollen production natural pollinators such as 

honeybees may be affected directly or indirectly by affecting the longevity and behavior of bees (Preeti 

Kaushik, 2018). The emergence of Superweeds due to excessive use of herbicides (Heap, 2018). 

Though the potential risks are purely valid extensive study has been conducted involving technical experts 

throughout the process of research, and confined trials before the release of GM crop to safeguard humans, 

animals, and the environment, hence it can be stated that GM crops are safe to be cultivated and consumed. 

Conclusion 

With the increasing population and climate change, arises as a serious threat to food security and in order 

to ensure continuous food production we should embrace the introduction of GM crops such as GM Mustard 

and adopt such modern technologies in agriculture and trust our regulatory bodies who have put rigorous 

processes in place. 
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Introduction 

A hybrid is created by crossing two unique parents. Crossing involves taking the pollen from the male and 

transferring it to the female. Hybrid seed is seed produced by cross-pollinated plants.  Hybrid seed 

technology is based upon the cross pollination of diversely related two pure lines showing desire traits, 

produces the hybrid seed that show the inferior traits then parents. 

Requisites of Hybrid Seed Production 

1. Breeders responsibilities: Developing inbred lines, Identification of specific parental lines, developing 

system for pollen control 2. Major problems for breeders & producers: Maintenance of parental lines, 

Separation of male and female reproductive organs and Pollination. 

Characteristics of Parental Lines 

Female Parent should consist of high seed yield and have good seed characteristics and must be male 

sterility and also have lodging resistant.  Male Parent should have good pollen production with long 

shedding period and also have good fertility restoration character. 

Basic Procedures for Hybrid Seed Production 

1. Development and identification of parental lines; 2. Multiplication of parental lines; 3. Crossing between 

parental lines and production of F1.  The Commercial hybrid seed production demands crossing technique 

which is easy and also economic to maintain parental lines. Only few crossing mechanisms have been 

adopted for commercial hybrid seed production. They are viz., Hand emasculation and pollination, Self-

incompatibility, Dicliny: monoecious and dioecious, Male sterility. 

Hybrid Seed Production in Autogamous Plants 

For self-pollinating plants, the plant must be male sterilized during the crossing process in order to avoid 

self-fertilization.  There are various mechanisms that promote self-pollination. They are: 

1. Bisexuality - Presence of male and female organs in the same flower (hermaphrodite flowers). 

2. Homogamy - Maturation of anthers and stigma of a flower at the same time. 

3. Cleistogamy – Pollination and fertilization occur in unopened flower bud. E.g. some varieties of wheat, 

barley, oats and several other grass species. 

4. Chasmogamy - Opening of flowers only after the completion of pollination. E.g. wheat, barley, rice and 

oats. 

Hybrid Seed Production in Allogamous Plants 

In nature to create genetic variability and for its wider adaptation in different environmental conditions, 

flowering plants has adopted many mechanisms for cross pollination.  Cross-pollination results in genetic 

heterogeneity and show wider adaptations. In cross pollinated plants it is easy to produce hybrids as there 

are many mechanisms that promote cross pollination in nature. 

Mechanisms Promoting Cross Pollination 

1. Dicliny: It refers to unisexual flowers. This is of two types:  
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Monoecy:  When male and female flowers are separate but present in the same plants. In some 

crops, the male and female flowers are present in the same inflorescences such as in mango, castor 

and banana. In some cases, they are on separate inflorescence as in maize. Other examples are 

cucurbits, grapes, strawberry, cassava and rubber. b. Dioecy: When staminate and pistilate flowers 

are present on different plants, it is called dioecy. It includes papaya, date palm, spinach, hemp and 

asparagus.  

2. Dichogamy:  It refers to maturation of anthers and stigma of the same flowers at different times. 

Dichogamy is of two types: 1. Protogyny - When pistil matures before anthers (pearl millet). 2. Protandry 

- When anthers mature before pistil. (maize, sugar beet and several other species) 

3. Floral structure When styles and filaments in a flower are of different lengths, it is called heterostyly 
(linseed). 

4. Herkogamy: Hindrance to self-pollination due to some physical barriers such as presence of hyaline 

membrane around the anther. Such membrane does not allow the dehiscence of pollen and prevents self-

pollination such as in alfalfa.  

5. Self-incompatibility: The inability of fertile pollens to fertilize the same flower. It prevents self-

pollination and promotes cross pollination. Self-incompatibility is found in several crop species like 

Brassica, Radish, Nicotiana and many grass species. It is of two types: Sporophytic and Gametophytic  

6. Male sterility: Absence of functional pollen. It is of three types viz., genetic, cytoplasmic and cytoplasmic 

genetic. It is a useful tool in hybrid seed production. 

Tools or the Systems Employed in Hybrid Seed Production 

1. Male Sterility: Condition in which pollen is absent or non-functional in flowering plants. 

a. Cytoplasmic genic male sterility A type of male sterility conditioned by the cytoplasm (sterile 

cytoplasm) and by nuclear genes and transmitted only through female parent. 

The lines involved in this system are: 

a. ‘A' line / male sterile line: The parent which is male sterile i.e., in female line pollen is 

sterile. It has sterility inducing cytoplasm and nucleus containing recessive gene. 

b. ‘B’ line / maintainer line:  It is the fertile counterpart of ‘A’ line. It has fertile cytoplasm 

and nucleus containing recessive gene. It is also called Non-restorer male line/Maintainer 

line. 

c. ‘R’ line / Restorer line : This is called pollen parent (or) male parent of the hybrid. It has 

either fertile (or) sterile cytoplasm. However nucleus contain dominant gene MsMs. Hence 

‘R’ line is definitely male fertile since this is used to restore the fertility of ‘A’ line, it is called 

Restorer line. 

Requirements for 3 Lines in CMS System: 

a. A-line 1. Stable Sterility; 2. Well developed floral traits for outcrossing; 3. Easily, wide 

spectum & strongly to be restored.  B-line 1. Well developed floral traits with large pollen 

load; 2. Good combining ability.  R-line1. Strong restore ability; 2. Good combining ability; 

3. Large pollen load, normal flowering traits and timing 

b. Genetic male sterility Sterility is due to nuclear alterations of chromosomes.  Two 

parents are involved, and in F1 generation female segregates into 50:50 as sterile and fertile. 

The maintenance of the male sterile line: Normally, a GMS line (A-line) is maintained by 

backcrossing with the heterozygote B-lines (Maintainer lines), but the progeny produced are 

50% fertile and 50% male sterile. 

c. Chemical induce male sterility: This non-genetic method of inducing male sterility 

involves the use of chemical called hybridizing agents (CHA’s) or Gametocides. 

2. Detasseling and natural pollination: In maize, the male inflorescence is the Tassel.  It is removed 

before anthesis in female parent so that the flower in the detasselled female plant will be fertilized by the 

pollen from male plant planted in proper ratio with female. It is a management tool of hybrid seed 

production utilizing the monoecious nature of the crop. 

3. Emasculation and hand pollination:  Here the sterility system is not used. The female flowers are 

emasculated before anthesis and the pollen from the male parent is dusted on the female parent.  
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Emasculation of female flower is removal of staminal column of male portion in the bisexual flower to make 

it male sterile by artificial management technique. 

Tools Used for in Hybrid Seed Production 

Crop Genetic Tool / Management for Cross Pollination 

1. Rice Cytoplasmic and genetic male sterility system 

2. Sorghum Cytoplasmic and genetic male sterility system 

3. Pearl millet Cytoplasmic and genetic male sterility system 

4. Maize Detasseling and natural pollination 

5. Cotton Emasculation and dusting / hand pollination 

6. Red gram Genetic male sterility system 

7. Castor Use of pistillate mechanism 

8. Sunflower Cytoplasmic and genetic male sterility system. 

9. Tomato Emasculation and dusting 

10. Bhendi Emasculation and dusting 

 

Conclusion 

Hybrid seeds are targeted for short term yields. Farmers can use and harvest crops within shorter periods. 

Also, hybrid seeds produce high quality crops. Another factor for using hybrid seeds is that are improved 

to fight against pests which affect plants and cause poor production.  They are easier and faster to grow. 

They adapt better to stress. They produce plants with larger fruit, higher yields, disease resistance. They 

have longer life span than that of the other casual seeds. 
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Barnyard millet (Echinochloa sp.), popularly known as "Kuthiraivali" in Tamil, is one of the oldest 

domesticated millets in India. It is also named Jhangora, Oodalu, Kavadapullu, and Sanwa. Barnyard 

millet is a highly drought-resistant, short-duration crop that can be harvested in 90 days. It is typically 

grown by marginal farmers, who sell it directly after harvesting for a low price. If the harvested millet is 

processed or made into value-added products and then sold, farmers can earn three to four times more 

money for the same product. Barnyard millet contains more protein, vitamins, and minerals than rice and 

wheat. It is recommended for growing children and pregnant women as it contains high levels of iron, zinc, 

calcium, and magnesium. The presence of dietary fibre and phenolic compounds can prevent diseases like 

diabetes, heart attacks, obesity, and cancer. Therefore, barnyard millet is an ideal crop for health and 

economic security. 

 

Processing and Value Addition 

Barnyard millet grains need some processing before consumption to improve their edible, nutritional, and 

sensory properties. Primary processing of the grain is done by removing waste, stones, and glumes from 

the grain. Then it can be processed into different ready-to-cook products such as flour and semolina, 

extruded products (vermicelli and pasta), and ready-to-eat snacks (biscuits, flakes, pops, and multigrain 

roti). The raw grains can also be parboiled. The bulk operations of these processes can be done mechanically 

using a de-stoner, de-huller, pulverizer, roaster, flour-blending unit, and packing unit. However, various 

traditional processing methods are still widely used, which are laborious and manual and are mostly 

performed by women. The farm women can be trained to use mechanized processing techniques to produce 

de-husked millet rice, flour, and other value-added products, as well as for packaging and marketing. This 

will lead to substantial gains for farmers in terms of drudgery reduction, increased employment 

opportunities, and enhanced income. 
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Conclusion 

The value addition to barnyard millet will create its demand and usage in the consumer’s daily diet in the 

present lifestyle. Entrepreneurs will come forward to start the millet processing units, and for this, they 

require raw material, so ultimately its impact on farmers is to cultivate more barnyard millet to meet the 

demand for its processing and consumption. The technological intervention has successfully created a 

variety of value-added foods for consumers through millet. This will benefit both consumers as a healthy 

option and farmers' income. 
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Summary 

The application of organic manures improves the physical, chemical, and biological properties of soil as well 

as preserving the ecological balance and productivity of life-supporting systems for future generations.  

Individual application of organic sources could not produce significant effect in crop production, thus the 

diversification of organic sources of plant nutrients is becoming popular in these days. Organic nutrients 

can be obtained by the use of organic manures (FYM, vermicompost, poultry manures, etc.) and fermented 

liquid organic formulations such as beejamrutha, jeevamrutha, panchagavya, and cow urine, which 

stimulate the plant growth and increase the yield and quality of the crops. 

Introduction 

The use of inorganic fertilizers has not proven beneficial in intensive agriculture because it is frequently 

associated with decreased crop production, soil quality and plant health. Organic farming is a centuries-

old traditional method developed by our ancestors in which only organic manures or natural inputs 

available on the farm were used to lower production costs in comparison to chemical inputs. Thus, organic 

agriculture is a farming strategy that promotes soil health, ecosystem health, and human well-being. It is 

based on ecological processes, biodiversity, and cycles relevant to particular conditions rather than the use 

of harmful inputs. It is projected that soil organic carbon content in India has decreased from 1 percent to 

0.30 percent in the past 70 years and is continuing to decline. Application of organic manures and organic 

farming becoming increasingly popular. It assists in the enhancement and maintenance of soil organic 

carbon status for long-term crop production. 

 
Figure 1: Different types of organic sources used in organic farming 

Organic manures are organic wastes and byproducts that are capable of supplying nutrients to plants and 

improving soil physical environment, and have no definite chemical composition with poor analytical value. 

Organic manures such as FYM, vermicompost and poultry manure, etc., are commonly used in organic 

farming; nevertheless, their bulky nature, low nutrient content, and slow decomposition rate are 

insufficient to meet crop production requirements. As a result, combining the application of different forms 
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of organic manures with liquid organic manures is becoming increasingly important in today’s agriculture 

(Fig 1). 

Effect of Different Organic Sources on Plant Growth and Development 

The application of organic manures like FYM, vermicompost, poultry manure, etc., are rich sources of 

nutrients having the inherent ability to improve soil health and aeration, water holding capacity (WHC) 

and substrate for the beneficial microbial population. The breakdown of organic manures by 

microorganisms results in the release of carbon dioxide, water, and mineral plant nutrients such as 

nitrogen, phosphorous, potassium, and micronutrients (Zn, Cu, Fe and Mn) (Nileema et al., 2017).  

Panchagavya is an effective plant growth stimulant that boosts crop biological efficiency. It is used to 

activate the soil, protect plants from disease, and improve the nutritional qualities of fruits and vegetables. 

Jeevamrutha increases soil biological activity and makes nutrients available to crops. Beejamrutha 

prevents crops from soil and seed-borne diseases while also improving seed germination. Cow's urine, or 

go-mutra (Sanskrit), has been documented to be used for medicinal and agricultural purposes by various 

sections of people in India since the Vedic time. Cow urine is also used in agriculture and is sprayed on 

plants to prevent fungal or bacterial diseases (Boraiah et al., 2017). Figure 2 depicts the effect of organic 

manures and liquid fermented organic manures on soil characteristics, plant growth, and yield attributes. 

 
Figure 2: Effect of combined application of organic manures and liquid organics in crop 

production. 

Combined application of organic manures along with liquid manures like panchagavya, beejamrutha, 

jeevamrutha, and cow urine etc., is a more synchronized system and can release the nutrients as per the 

need of crop to sustain higher productivity (Gowthamchand et al 2019). These liquid organics were high in 

growth-promoting substances such as organic compounds, hormones, micro and macronutrients, and 

minerals, as well as antibacterial and insecticidal properties. Thus, combined application of different 

organic sources increases productivity by increasing root, stem, branch, and leaf growth, as well as related 

parameters such as root length, stem length, number of branches, number of leaves, leaf area index, 

chlorophyll content, oil content, protein content, and other quality parameters, ultimately contributing to 

the overall high yield and yield attributes. 

Conclusion 

Combined application of organic manures along with liquid manures like panchagavya, beejamrutha, 

jeevamrutha, and cow urine etc., is a more synchronized system and can release the nutrients as per the 

need of crop to sustain higher productivity (Gowthamchand et al 2019). These liquid organics were high in 
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growth-promoting substances such as organic compounds, hormones, micro and macronutrients, and 

minerals, as well as antibacterial and insecticidal properties. Thus, combined application of different 

organic sources increases productivity by increasing root, stem, branch, and leaf growth, as well as related 

parameters such as root length, stem length, number of branches, number of leaves, leaf area index, 

chlorophyll content, oil content, protein content, and other quality parameters, ultimately contributing to 

the overall high yield and yield attributes. 
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Summary 

Humic substances (HSs), such as fulvic acid, humic acid, humin and humate are crucial to the fertility of 

the soil and plant nutrition. They assist in transferring macro and micronutrients from the soil to the plant, 

improve water retention, boost seed germination rates, and encourage the establishment of microflora 

populations in soils. They also aid in breaking up clay and compacted soils. It enhances the productivity of 

crops on poorly fertile soils and soils with little natural organic matter. When it was found that soluble 

acidic-based N, P, and K fertilizers could boost plant growth, people's ignorance of the significance of 

organic compound cycling and their prolonged usage in the lack of enough humic compounds in the soil 

have resulted in numerous major socioeconomic and ecological issues. Thus, it has never been more crucial 

to stress the significance of humic compounds and their utility as fertiliser components than it is right now. 

Introduction 

Humic substances (HSs) are the components of humus and are high molecular weight compounds that 

combine to produce the brown to black hydrophilic, molecularly flexible polyelectrolytes known as humus. 

Soil humus, on the other hand, decomposes (degrades) slowly under natural soil conditions. When combined 

with soil minerals, soil humus can survive in the soil for hundreds of years. Humus is the most important 

component of soil organic matter, accounting for 65% to 75% of the total. Humus has a vital function as a 

fertility component in all soils, greatly outweighing its percentage contribution to total soil mass. Many 

humus constituents are heterogeneous, relatively large stable organic complexes. The elemental analysis 

of humic substances reveals that they are primarily composed of carbon, oxygen, hydrogen, nitrogen, and 

sulfur in complex carbon chains. Humic substances are the most common organic material in nature. HSs 

benefit plant physiology by enhancing soil structure and fertility, as well as affecting nutrient uptake and 

root architecture. They contribute to soil structure, porosity, water holding capacity, cation and anion 

exchange, and mineral element chelation. It has never been more important to emphasize the importance 

of humic compounds and their use as fertilizer components. Pesticide usage, lower organic matter content, 

and poor physical conditions all have a detrimental influence on soil fertility and plant development as 

agriculture becomes more advanced and intensive agricultural systems evolve. The importance of humic 

compounds and their usability as fertilizer ingredients has never been more important than presently. 

Sources of Humic Substances 

Humic compounds are found in soils, waters, compost, peat, and carbon-containing minerals like brown 

coals, low-grade lignites, and leonardites. Humic compounds derived from low grade lignite’s and 

leonardites (nature's soil conditioners) are excellent fertilizers ingredients. 

Humic Substances can be Subdivided into Major Fractions 

Humic acids (HAs): Humic acids (HAs) comprise a mixture of weak aliphatic (carbon chains) and aromatic 

(carbon rings) organic acids. They precipitate when the pH falls below 2. The molecular size ranges between 

10,000 and 100,000 Da. Humic acids vary in colour from dark brown to black. 

Fulvic acids (FAs): Fulvic acids (FAs) are a combination of weak aliphatic and aromatic organic acids 

that are water soluble at all pH levels (acidic, neutral and alkaline). They range in colour from pale brown 

to yellow. Fulvic acids have a size range of about 1,000 to 10,000 Da. Fulvic acid (FA) molecules may easily 

enter plant roots, stems, and leaves due to their tiny size. They contain twice the amount of oxygen as 
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humic acids (HAs). They contain a majority of carboxyl (COOH) and hydroxyl (OH) groups. As a result, 

fulvic acids (FAs) are considerably more chemically reactive. 

Humins: Humins are humic compounds that are neither soluble in alkali (low pH) nor soluble in acid (low 

pH). Humin complexes are classified as macro-organic compounds since their molecular weights vary 

between 100,000 and 10,000,000 Da. Humins are the most resistant to degradation of all humic compounds 

found in soil. Improves soil water holding capacity, soil structure, soil stability, cation exchange system 

performance, and overall soil fertility. 

Humates: Humates are humic or fulvic acid metal (mineral) salts. The capacity of the carboxyl (COOH) 

and hydroxyl (OH) groups (on the exterior of the polymers) to dissociate (expel) the hydrogen ion is what 

causes a humate to develop. The cations are then adsorbed when the hydrogen ions are broken up by a 

negatively charged anion (COO- or -CO-). 

The Effect of HSs on Soil Fertility, Plant Growth and Development 

Humic substances have an indirect and direct impact on plant growth. Numerous scientific journals have 

reported on beneficial relationships between soil humus content, plant yields, and product quality. The 

factors that supply energy to the beneficial soil organisms, affect the soil's ability to retain water, affect the 

soil's structure, cause the release of plant nutrients from soft minerals, boost the availability of trace 

minerals, and generally improve soil fertility are referred to as indirect effects (Figure 1). A plant's 

metabolism may change as a result of the uptake of organic macromolecules like humic acids and fulvic 

acids, which are considered to have direct effects. Multiple biochemical changes in plant cell membranes 

and other cytoplasmic components take place once these compounds enter plant cells. Application of humic 

(HA) or fulvic acids (FA) to seeds will increase seed germination rates and root growth. The HSs increases 

plasma membrane H+-ATPase activity, shoots mineral nutrient concentration and ABA concentrations in 

roots. Humic substances have been shown to enhance mitotic activity during cell division in seedlings. 

These HSs are excellent foliar fertilizer carriers and activators.  

Foliar sprays of humic acids (HAs) or fulvic acids (FAs) in combination with trace elements and other plant 

nutrients can increase the growth of plants, roots, and fruits. By increasing plant growth processes within 

the leaves an increase in carbohydrates content occurs. These carbohydrates are then transported down 

the stems and into the roots to provide nutrients for various soil microorganisms. Young plant roots, leaves, 

and growing plants are more responsive to applications of HSs. 

 
Figure 1: Effect of HSs on soil fertility, plant growth and development 
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Young tissues have active transport mechanisms that move required nutrients to sites of metabolic activity. 

The uptake of humic acids (HAs) by roots is primarily passive; while the uptake of smaller fulvic acids 

(FAs) polymers is primarily metabolic. When humic and fulvic acid compounds reach a certain 

concentration in the root then a fraction of the total concentration is transported into shoots and leaves. 

which enhances the root and seedling growth during crop production. Humic acids are the most effective 

in regulating plant growth hormones. HSs stimulate numerous metabolic pathways in plants, namely 

photosynthesis and respiration etc. Applications of HSs also improve the crop resistances towards abiotic 

stresses and pest and disease incidences, which increases the growth and yield parameters of plant and 

also increase the quality of the crop production. 

Thus, increased vegetative growth and yield of the crops attributed to increasing microbial activity and 

improving soil effectiveness in nutrient uptake as a chelating agent, as well as bio-stimulation of plant 

growth, resulting in a rise in the carbohydrates content of the leaves and stems. Enhanced carbohydrate 

synthesis can result in either higher product quality or higher yields. 

Conclusion 

Humic substances (fulvic and humic acids) are widely used as fertilizers or plant growth stimulants, 

although their mechanism of action still remains partially unknown. Humic substances derived from 

different sources have been evaluated as potential soil conditioners. Application of humic substances can 

improve product quality and increase production. Humic acid essentially helps in the uptake of nutrients 

(macro and micronutrients) from soil to plant. Thus, humic substances are the building blocks of fertile 

soils, plant growth and development. 
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Introduction 

Agricultural production is dependent on the optimal functioning and health of the plant. Unfortunately, 

plant diseases are major restricting factors in crop yield and quality of the produce. Biotic stress factors 

involve fungi, bacteria, virus, nematodes, weeds, and insects, which cause a yield loss up to 31-42 per cent. 

Among them, fungal plant pathogens are the most severe limiting factor for crop production worldwide. 

Consequently, chemical fungicides are still employed injudiciously for the management of plant diseases. 

Application of fungicides are not only expensive, but their untimely and injudicious application results in 

the build-up of fungicides residues level in human beings and in our ecosystem. Also, the indiscriminate 

use of fungicides compels the pathogens to undergo genetic mutations which are eventually ascribed to the 

selection of fungicide resistant biotypes in some fungal genus such as Colletotrichum, Phytophthora, 

Venturia, Diplodia, Phomopsis etc and also impacts on non-target organisms. However, biological methods 

of disease control are efficient, eco-friendly, cost effective and safe for human health and the ecosystem. 

Thus, there was a necessity to use the alternative new methods which would supplement conventional 

strategies for plant disease control and are competent to minimize adverse effects of chemical fungicides 

on human health and the environment. Therefore, non-chemical and eco-friendly disease management 

technologies based on biocontrol are now being widely adopted. At present, the biological control of plant 

diseases mainly relies on beneficial microorganisms and microbial metabolites. Beneficial microorganisms 

include bacteria, actinobacteria, fungi, and viruses, which are closely associated with plant health and 

safety. Among them, Trichoderma is considered as an effective biocontrol agent due to low development 

cost, strong adaptability to wide environment situation, broad-spectrum efficiency and ecological 

friendliness, and broad application prospects. 

Characteristics of Trichoderma 

1. Trichoderma is a asexual and spore-producing ascomycetes fungi 

2. Cosmopolitan in nature, shows a high level of genetic diversity and frequently found in varying habitats 

3. Widely distributed and ubiquitous in almost all types of soils 

4. Easily isolated from natural soil, decaying plant organic matter and wood and is classified as imperfect 

fungi belonging to order Hypocreales of Ascomycota 

5. Easily cultured on artificial media and manipulated in the laboratory 

6. Fast growth and high sporulation activity 

7. It has the ability to parasitize other pathogenic fungal mycoflora specially associated with root rot and 

wilt diseases 

8. Potential for establishment and recycling  

9. Trichoderma species are opportunistic, avirulent, and plant symbionts that can compete as well as 

survive in the complex ecosystem 

10. No toxicity to beneficial organism in or on target place 

11. Biologically competitive with other microorganisms 

12. Trichoderma spp. not only control pathogens, they also enhance plant growth and root development 

(biofertilizer) and stimulate plant defence mechanisms 

13. Provide control for extended periods and stable than chemical pesticides 

14. It can be easily formulated and method of application is convenient and compatible with common 

cultural practices. 

Uses of Trichoderma in Plant Diseases Management 

1. Acts as a good biocontrol agent for the management of plant diseases 

2. It acts as a bio stimulant and plant growth promoter 
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3. Corn roots are colonized by Trichoderma strain T-22 require about 40% less nitrogen fertilizer. 

4. Have potential effectiveness to inhibit the pathogen under varying weather and climatic conditions. 

5. High colonization efficiency 

6. Foods and textiles: Trichoderma spp. are highly efficient producers of many extracellular enzymes. They 

are used commercially for production of cellulases and other enzymes that degrade complex 

polysaccharides.  

7. As a source of transgenes. 

Mechanisms of Trichoderma 

The followings are direct and indirect biocontrol mechanisms to control plant pathogens. 

1. Direct antagonism: 

a. Mycoparasitism: Mycoparasitism or hyperparasitism is a complex process which involves the 

parasitic interaction of two or more fungi in which one parasitize mycelia of other and species of 

Trichoderma parasitize a wide range of mycoparaites especially soil-borne pathogens. Eg.; 

Trichoderma viride parasitize Rhizoctonia solani 

b. Antibiosis: A low molecular weight compound or an antibiotic produced by a microorganism that 

has a direct effect on other microorganisms. Eg.: Trichodermin. 

c. Competition for nutrients and space. 

2. Indirect: 

a. Induced systemic host resistance 

b. Inactivation of the enzymes of the pathogens 

c. Growth promotion  

d. Tolerance to stress through enhanced root and plant development 

e. Solubilization and sequestration of inorganic nutrients. 

Methods of Application 

1. Seed treatment: 10 grams Trichoderma formulation for 1 kg of seed against various soil and seed borne 

diseases. 

2. Nursery treatment: Nursery beds treated with the Trichoderma formulations to manage soil-borne 

pathogens and protect the crop. 

3. Seedling root dip: Dipping of seedling roots in Trichoderma suspension is aims to protect seedling from 

pathogen infection. It is done by dipping of seedling roots before planting for 10 minutes in a mixture of 10 

g Trichoderma formulation per litre of water. 

4. Dipping of cuttings or vegetative plants parts: It is done by dipping of cuttings before planting for 

10 minutes in a mixture of 10 g Trichoderma formulation per liter of water. 

5. Soil application: Application of 1 kg Trichoderma enriched with 100 kg farm yard manure to the soil. 

6. Foliar application: Application of Trichoderma spp @ 5 gL-1 of water. 

Conclusion 

Trichoderma can be used as an important component in IPM strategies. Biocontrol mechanisms of various 

species of Trichoderma have been isolated and studied. They restrict the growth and proliferation of the 

pathogens by parasitism and antibiosis. 
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Summary 

Soil is a vital resource on the earth which needs to be maintained for ensuring food, nutritional security 

and climate change. Soil organic carbon restoration is the single solution to these twin problems. This 

article addresses the importance of organic carbon in soil, need for its restoration, strategies by ICAR to 

enhance soil organic carbon restoration. Several challenges are in the way of soil C sequestration which 

needs to be overcome to make the future ecosystem sustainable. 

Introduction 

Global carbon cycle is referred to as the exchanges of carbon within and between carbon reservoirs (stocks). 

The atmosphere, land, oceans and fossil fuels constitute the major four carbon reservoirs among which the 

dynamic exchange of carbon happens. In the terrestrial ecosystem, soil is the most important and the 

largest carbon reservoir (Zhou et.al., 2019). Thus, soil carbon is very important in nutrition and soil health. 

However, most of the Indian soils are found to possess lesser soil organic carbon stocks arising the need to 

restore it for ensuring food, nutritional as well as economic security. 

Role of Organic Carbon in Soil 
Soil organic carbon is one of the largest pools of soil carbon. Soil organic carbon plays an important role in 

soil formation and maintenance of soil fertility and productivity.  Several soil forming processes such as 

soil acidification, leaching of cations, gleying, podzolisation etc. are influenced by soil organic carbon. It 

directly influences soil fertility and indicates the organic matter present in the soil. This has effects on soil 

physical, chemical and biological properties. Soil organic carbon influences bulk density and cation 

exchange capacity of soil. It is also strongly correlated with soil organic nitrogen (Gaiser and Stahr 2013). 

It is thus considered to be one of the determining factors of soil productivity. The other important roles 

include detoxification of Al in acid soils, binding heavy metals and harmful organic pollutants reducing its 

toxicity to plants by decreasing their availability to plant roots. 

Why We Need to Restore Soil Carbon? 

In India, the conventional cultivation practices are intensive due to which soils are low in C and carbon 

stocks. Accelerated soil erosion also leads to a loss of soil organic carbon. Based on the capacities of soil 

carbon and the various roles played in improving and maintaining the soil fertility and reduction in the 

emission of greenhouse gases, there is a need to restore soil carbon. This could be mainly by increasing the 

carbon stocks in soil by sequestration. Soil organic carbon stock is positively related with soil fertility and 

productivity.  Soil health, environmental as well as human health could be enhanced by C restoration. 

Thus, a link could be established between soil and human wellbeing. Restoration of soil carbon is the 

solution to the twin problems of food security and climate change. 

Strategies by ICAR to Enhance Soil Carbon Restoration 

Certain strategies have been developed by ICAR to enhance soil carbon restoration. These are based on 

sustainable soil management practices which involve practices that help to improve soil organic carbon 

content. These involve best management practices that enhance soil carbon. Adopting the tillage systems 

such as zero-tillage/no-tillage and reduced tillage, mulch farming, management of soil water, erosion and 

fertility, adoption of different farming systems such as crop rotation, mixed farming, multiple cropping, 

agroforestry systems are agronomic measures for soil carbon restoration. 
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In India, lmited knowledge, existing cultivation practices that exhaust C, lack of policies etc. are major 

barriers in the way of C restoration. In the country, farmers are unaware of the importance of soil carbon 

and are ignorant on the need to maintain soil health. Hence, government policies need to focus on these 

aspects aiding C restoration and adequate funding be provided for research. Demonstrations on techniques 

that improve C restoration need to be carried out in touch with the farmers by the researchers and the 

governing bodies. This could include practices that improve C storage such as by replacing chemical 

fertilizers with biofertilizers, organic manures etc. without a reduction in the yield (Meena et.al., 2020). 

The addition of livestock component to the existing farming systems could contribute towards availability 

of animal manures, compost etc. for utilization in the field. Recycling of organic residues in situ also is an 

option to increase carbon content in soil. 

Conclusion 

Efforts for soil carbon restoration should be initiated at the government level. India even lacks an 

organization that focus on the works and research on soil carbon sequestration. Hence, it becomes a priority 

to develop plans for soil carbon restoration. India, having diverse agroecology needs different management 

practices for C sequestration for which government should provide suitable guidelines in the agricultural 

policies. 

References 
1. Gaiser T.  and Stahr K. (2013). Soil Organic Carbon, Soil Formation and Soil Fertility. In: Lal R., Lorenz K., Hüttl R., Schneider 

B., von Braun J. (eds) Ecosystem Services and Carbon Sequestration in the Biosphere. Springer, Dordrecht 

2. Meena R. S., Lal R and  Yadav G S. (2020). Long-term impact of topsoil depth and amendments on carbon and nitrogen budgets 

in the surface layer of an alfisol in Central Ohio. Catena 2020194: 104752 

3. Zhou Y, Hartemink A.E., Shi Z.., Liang Z and Lu Y.  (2019). Land use and climate change effects on soil organic carbon in 

North and Northeast China. Sci Total Environ. Jan 10: 647:1230-1238. 

  



 

 
Volume 04 - Issue 12 - December 2022       466 | P a g e  
 

Food Processing Fans 
Article ID: 38163 
Chandan Solanki1 

1Scientist (SS), Food Grains & Oilseeds Processing Division, ICAR-Central Institute of Post-Harvest 

Engineering & Technology, Ludhiana – 141 004. 

 

 

Introduction 

Fans in food processing facilities are involved in a vast array of processes related to the whole supply chain, 

from raw materials to final products. To avoid product contamination, high degrees of cleanliness are 

important. Fans in food processing facilities provide a variety of functions, including general ventilation, 

supply, and exhaust, combustion, drying, heating, chilling, collecting dust, and air filtration. In addition, 

fans are included in food industry equipment such as ovens, ventilation systems, exhaust, etc., to prevent 

overheating and food spoilage. 

Uses of Fans in Food Processing Facilities 

1. Fans for Material Handling: Fans in food processing units are used extensively for material handling 

in a variety of sectors. Fans used in food processing facilities guarantee that all items traversing this path 

are provided with a clean, sanitary source of fresh air. They supervise the movement of bulk materials from 

the drop-off area to the pickup location. They are meant to manage items like cereal, wheat, grains, and 

sugar. Furthermore, these fans promote employee wellness. This is because breathing such substances 

might be harmful to the respiratory system. Therefore, these fans are considered a kind of air-purification 

system. 

2. Fans for Food Drying: Fans in food processing units for food drying substantially contribute to the 

drying of food components and the decrease of water volume in products. Frequently, fruits, vegetables, 

and meats are dried to guarantee product availability and prevent the growth of germs. 

3. Fans for Cooking: When installed immediately above ovens and furnaces, fans are one of the most 

common applications in the food processing unit. To avoid explosive atmospheres in this application, the 

presence of gas or other hazardous elements will decide whether the fan must comply with regulations. 

Fans are ideal for use in high-pressure cooking. 

4. Fans for Cooling & Refrigeration: Most non-freezable food items need cooling. Fruits, vegetables, 

and meat must be stored in the refrigerator. Also requires a uniform dispersion of air in grains, flour, and 

bread. To fulfill this demand, fans are deployed. Cooling is an important step in preparation. Before food 

can be stored or packaged, it must be refrigerated to room temperature. Fans and blowers are useful for 

uniformly distributing air in food processing facilities. 

5. Fans for Packaging & Storage: Effective product packaging requires the use of high-pressure fans in 

food processing facilities for packing and storage. It is used to produce a vacuum inside containers or other 

storage types before filling them with completed items. Different product types have various storage 

requirements. For example, whereas many items need cooling and drying, others require refrigeration. In 

processing units, several kinds of fans are utilized to give the required air to the objects. 

Types of Fans Applied in the Food Processing 

Fans serve several roles at all manufacturing sites and facilities, including the food sector. Fans play a 

vital role in ensuring the proper operation of a variety of activities in any food production plant, including 

processing, storage, cooling, drying, and heating, as well as cooking. Due to the multitude of uses that a 

fan serves, these fans are available in a range of shapes, and materials, and with a number of functions. 

At certain phases of the food production cycle, these fans are designed to assist with specific duties. A food 

processing plant requires many types of industrial fans. It is essential to understand which types are 

required and what functions they fulfill. Doing so will aid in ensuring a comprehensive, seamless, efficient, 

and safe food chain from beginning to end, for both customers and facility staff. 
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Right Materials for Fans in Food Facilities 

Each equipment inside a food processing plant has a unique purpose. However, at the core of each kind of 

fan is the same objective: to maintain the air quality inside the facility, keeping everyone healthy and clean. 

It also assists to ensure that the finished product is safe and of excellent quality. Even the material used 

for each fan is significant; in food processing plants, it must nearly always be composed of stainless steel. 

Molds and germs cannot grow on stainless steel, making it the most sanitary material available. This 

facilitates cleaning and maintenance and extends the life of your fans. Aluminum, polypropylene, and other 

materials that are not corrosive are also suggested. Food processing plants are known for producing high 

levels of humidity, filth, and chemicals in the air, as well as functioning for extended periods of time. All 

these factors may have a significant impact on the lifespan of fans. If the incorrect fan is utilized, upkeep 

will be more expensive. Furthermore, replacements will be required more often. This will incur additional 

costs and time for the food facility. 

Kinds of Fans Used in the Food Industry 

1. Drying fans: These centrifugal fans may resemble standard electric fans with a spherical base and 5 or 

6 blades designed to create airflow. However, these drying fans have a considerable effect on the food sector. 

They fully dehydrate food by reducing its water content. This inhibits molds and germs from growing on 

washed fruits, meats, seafood, and vegetables. These fans do this by generating high-pressure airflow, 

which accelerates and intensifies the dehydration process. This is often performed after manufacture when 

food products must be completely dehydrated prior to packaging and transportation. 

2. Cooking fumes extraction fans: These fans are intended to extract and remove cooking gases and 

smoke from the building. Typically, these fans are positioned immediately over ovens, stoves, and large 

furnaces that create fire and smoke. They function similarly to how range hoods are used in residential 

kitchens. These fans are crucial for the safety of the workplace since they remove any gas or reactive 

ingredients from the smoke/air, so avoiding any explosions from occurring inside as well as physiological 

discomforts such as smoke in the eye, asthma, or harmful odors from the fumes. These are also essential 

for employee comfort since they reduce the amount of hot air from the inside, so decreasing the working 

temperature. They do this by rotating the air within and expelling any hot air or smoke. 

3. Cooling fans: Food that has just been prepared and is still very hot is cooled using cooling fans. Prior 

to handling, packaging, and shipping, these foods must be chilled. They are often positioned above or at the 

end of conveyor belts conveying these objects. Before transporting and storing some items in a separate 

refrigerated facility, they must also be chilled. If they are still too warm when stored, they may perish. 

High-pressure centrifugal fans are often used for this purpose. They are designed to keep storage cold, 

maintain appropriate temperatures, and regulate humidity. They evenly chill the goods by distributing the 

same quantity of air to all sides. 

4. Material handling fans: These high-pressure centrifugal fans provide clean, sanitary air to all bulk 

products being transported from a drop-off location to a pickup location. They are designed to manage 

certain products, such as wheat, grains, sugar, cereal, and the like. These fans contribute to the wellness 

of employees. This is because inhaling such products might constitute a respiratory threat. Therefore, these 

fans are regarded to be a kind of air filtration system. 

5. Packaging and storage: Finally, these fans are essential to the packing process. They produce a 

vacuum of air for hygienic and airtight sealing of packages, containers, and bottles, as well as for sanitary 

applications. Before food products are put inside, these packs are often blown with a powerful flow of air 

by high-pressure blowers. The selection of fans for this kind will also rely on the volume of air required for 

each item being packed. Some goods may need a chilly environment, while others may require a dry one. 

Others may need it to be chilled prior. These centrifugal fans ensure that most food products are packaged 

at a controlled temperature and humidity level. 

Selection of Fan for Food Processing Application 

Fans must be made of excellent materials. This is crucial in food processing plants where fans are cleaned 

regularly. Long hours, extreme humidity, and caustic chemicals damage these fans. So, picking the proper 

fan for your food processing application is a prime requirement. Food processing businesses utilize wall or 

ceiling-mounted circulation fans to cool staff from the heat and humidity of goods, hot water, or processing 
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equipment. Most firms select the incorrect fan in general. Powder-coated steel guards, aluminum fan 

blades, and a standard-duty motor make up a typical circulation fan. Even though this is a great fan, the 

humidity and chemicals used to pressure wash it will corrode it. In addition, pressure washing is quite 

hard on fan motors, and the average fan does not have a wash-down duty motor. Rusty fans are bad for 

food processors. Weekly wire cleaning and painting of the fans are expensive. Some firms replace rusted 

fans, which boosts equipment and maintenance expenses. Another alternative is to store spare fan parts 

and replace them when they fail or corrode. The USDA may fine or shut down your facility if they uncover 

rusted fans above food. Rusted metal that might fall into food is a serious worry. By picking the right fan 

for your environment, you may minimize maintenance costs and penalties. Food processing businesses with 

high humidity and wash-downs should install a high-quality fan intended to endure. You have several 

alternatives when buying a fan. Aluminum, polypropylene, stainless steel, or another non-corrosive 

material should be used. Find out whether the motor is rated for "wash down duty." The right motor can 

endure pressure washers and high humidity. Commonly, these motors arrive without a wire and plug so 

the electrician may install watertight connections. The wall or ceiling brackets and fasteners used to hang 

the fans should likewise be made of stainless steel. Cost is a consideration with "wash down duty" fans. A 

decent-grade stainless steel fan may cost more than an off-the-shelf fan. Companies don't understand how 

many fans they fix or toss out each year. These expenditures may be mitigated by purchasing a dependable 

fan. 

Conclusion 

Cost, quality, and durability all be considered while selecting the correct equipment for your food processing 

operation. Fans are no exception. Choosing the right fan for your food processing application is essential 

for guaranteeing staff comfort, lowering maintenance costs, and boosting overall productivity. High 

standards of cleanliness must be adhered to in the food preparation facilities. For easier cleaning, it may 

need inox steel or a specific coating. The purpose of these fans is to represent the food production cycle. 

Low levels of vibration and noise are also very important factors to consider. To decrease energy 

consumption, continual duty necessitates energy-efficient design. 
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Pea (Pisum sativum L) is one of the most popular commercial vegetable crops grown throughout the district 

covering an area of about. Peas require a cool and relatively humid climate and the climate of the district 

is ideally suited for its cultivation. Although the crop has a tremendous potential for securing the livelihood 

of farmers in the district, but the farmers are not adopting the cultivation because of the low yielding 

potential of the local varieties prevalent in the district. Keeping this in view Krishi Vigyan Kendra 

Pulwama, took initiative to introduce a new high yielding and cold tolerant variety viz., PB-89for 

cultivation in the district which has been recommended for cultivation in various agro-ecological situations 

in the sub-mountain hills of Himachal Pradesh. 

On-Farm Testing (OFT) 

To address the problem of less adoption of vegetable pea cultivation in the district owing to the low yielding 

varieties On Farm Trials (OFT’s) was laid out in three different locations of the district during 2018-19 and 

2019-20 in which the new variety (PB-89) was assessed for its high yielding potential. the results revealed 

that the new variety out yielded the local varieties significantly gave the highest average green pod yield 

(147 q/ha), which was 25.17% higher in over Local variety. This variety marked the highest net return of 

Rs. 346240.00 per hectare compared to local variety where returns were Rs. 215000.00. 

Performance of PB-89 variety of Peas in on-farm trials in district Pulwama: 

Technological 

options 

Average green 

pod yield (q/ha) 

Increase over 

farmers 

practice 

Net Return B: C ratio 

T1. PB-89 147q/ha 25.17% 346240.00 1:3.03 

T2. Local (Farmers 

Practice) 

110q/ha  215000.00 1:2.26 

Upscaling of Technology 

After ascertaining the successful testing of the OFTs, the variety PB-89 was upscale through 

demonstrations and trainings in the entire district for its wider adoption. A total of 10 FLDs were conducted 

during the two consecutive years in different villages of the district.  The results revealed that this variety 

recorded green pod yield of (147 q/ha) which was higher than the farmers practice (Local variety). Economic 

analysis also revealed higher net returns over farmers’ practice. 

Impact 

The treatment has emerged as a better option for the vegetable growers of the district Pulwama 

particularly in Pathal Bagh area, with the initiative of KVK, the technology has spread to about more than 

250 ha area in the district resulting in additional estimated net returns to the tune of Rs 8.75 crores to the 

vegetable growers of the district. In view of the wider response, this technology has vast potential and could 

be further intensified effectively in all the uncovered areas of the district. 
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Extrusion Cooking 

During the recent years, a number of technologies in food processing made an impact on the availability 

and variety of food products. Food extrusion is one of these latest multidimensional, food processing 

techniques. One major advantage of extrusion cooking, is the capability to produce a wide range of finished 

products, with minimum processing times, and by using inexpensive raw material (Riaz, 2000). Extrusion 

cooking is one of the most versatile techniques used in agri-food based industries. Extrusion technology 

used widely in plastic packaging in the very beginning has established as a superior technology in food 

industries (Bouvier & Campanella, 2014). Extrusion technology emerged with plastic polymers in 

packaging industries at the end of the 19th century (Bouvier & Campanella, 2014). Extruders and their 

processing methods have been developed simultaneously in the past two centuries (Janssen, 1978; Harper, 

1981). 

In the global agro-food processing industry, extrusion cooking is becoming more and more popular, 

especially in the food and feed industries. Extrusion cooking is a high-temperature, speedy method that 

uses raw materials that are wet, expansive, starchy, and pertinacious. By combining moisture, pressure, 

temperature, and mechanical shear, food ingredients are plasticized and cooked in a minute, causing 

molecular transformation and chemical reactions. Both the microbial population and the enzymes are 

inactivated. It is a multi-step, multi-purpose mechanical or thermal technique that has made it possible 

for numerous food applications. During extrusion, beneficial changes in the bioavailability and nutritional 

content may occur. The reasons for these changes, as well as how process variables and food mix 

composition affect them. The physico-chemical and chemical changes of protein, starch, and dietary fibre 

are given particular consideration. Based on their functional characteristics, such as their expansion ratio, 

bulk density, water solubility index, and water absorption index, extruded products can be classed for a 

specific use. 

 

Characterizing and acquiring the raw materials is the first step in the process. The uniformity of the final 

product depends greatly on the raw materials used. Then, to ensure homogeneity as they reach the 

extruder, the raw components are mixed or preconditioned using tools like ribbon blenders and pre 

conditioners. However, certain products don't require mixing or preconditioning. The primary cooking stage 

that turns the raw components into cooked and shaped goods is extrusion processing, which comes next. 
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Processing steps after extrusion include trimming the extruded items to the proper sizes, drying the 

product, and adding flavour and taste to the product before it moves on to packaging. Extruded products 

may need to undergo post-extrusion processing steps such as being sized appropriately, being dried to the 

ideal moisture level, and being seasoned or coated to give them the ideal flavour and taste prior to 

packaging. 

 

Extruders: Depending on its intended use, extruders come in a variety of designs. The majority of extruders, 

however, are made to apply mechanical and thermal energy to the raw materials to cause desirable physico-

chemical changes. Some extruders are made just to transfer the raw materials, while others are made to 

mix and knead them. Extruders can be generically grouped according to. 

Method of Operation 

1. Cold Extruders    

2. Hot Extruders (Extrusion Cooking). 

Method of Construction 

Single-or twin- screw extruders - The most commonly used extruders are single and twin-screw. 

Extruders with more than two screws have been used in the plastics industry but not in food processing. 

Extruders are composed of five main parts:  

1. Pre-conditioning system  

2. Feeding system  

3. Screw or worm 

4. Barrel 

5. Die and the cutting mechanism. 

Additionally, they can differ in terms of screw, barrel, and die configuration. The choice of each of these 

elements will rely on the desired final result and the raw material used (Riaz, 2000). 

 

Pre-Conditioning 

A crucial step in the extrusion process has always been pre-conditioning using steam or water. Not all 

extrusion techniques use pre-conditioning. This stage is typically employed when the material has a long 

residence period and moisture concentrations between 20 and 30 percent. Preconditioning favours uniform 
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particle hydration, which decreases retention durations in the extruder, boosts throughput, extends the 

equipment's life due to a reduction in barrel and screw component wear, and lowers the process's energy 

costs. 

Feeding System 

For the extrusion process to function effectively and uniformly, it must be ensured that raw materials are 

fed into the machine continuously and without interruption. 

Screw 

The screw of the extruder is unquestionably its most crucial part, not only for determining cooking level, 

gelatinization, and dextrinization of starch and protein, but also for ensuring the quality of the finished 

product. Screws can be single-piece (mono-piece) or multiple-piece (multi-piece) (composed of various 

elements) The number and shape of screw parts might vary, and each segment has a distinct function. 

Barrel or Sleeves 

The barrel has sections for feeding, kneading, and the sleeves that surround the screw may be solid, but 

they are frequently jacketed to allow the circulation of steam, superheated oil, water, or air for heating or 

cooling, allowing for the precise regulation of temperature in the various zones of the extruder. 

Die 

The die has two primary purposes: to give the final product shape and to encourage material flow resistance 

within the extruder, allowing for an increase in internal pressure. The die can display a variety of designs 

and orifice counts. 

Cutting Mechanism 

The cutting mechanism must permit obtaining final products with uniform size. Product size is determined 

by the rotation speed of the cutting blades. This mechanism can be horizontal or vertical. 

 

Single Screw Extruder 

Single screw extruders exist in a variety of designs and each have a single revolving screw inside a metal 

barrel. The pitch of the most popular single screws is constant. The feed section's hopper is where the raw 

ingredients are fed in granular form. The material is delivered to the transition section by the screw 

turning. The material is compacted and the screw channel gets shallower in the transition section. This 

area is where the majority of mechanical energy is lost, raising the material's temperature as a result. The 

gelatinization of starch makes the substance more cohesive. The metering section pushes it through the 
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die opening and continues to move it. Helical or axial grooves are typically present on the inside surfaces 

of the barrels of single-screw extruders. This makes the material easier to express and blend. 

Twin Screw Extruder 

Twin-screw extruders are composed of two axis that rotate inside a single barrel; usually the internal 

surface of the barrel of twin-screw extruders is smooth. However, this type of extruder is little used in the 

food industry, even though they present more efficient displacement properties when the material enters 

the barrel, the ingredients are thoroughly mixed before further processing in the other zones of the 

extruder. 

Application of Extrusion Technology 

Extrusion technology is applied in food processing industry for: 

Human consumption products: A wide range of products, including snacks, morning cereals, cheese 

substitutes, supplement foods, baby foods, and other textured foods, are produced using it.  

Confectionary products: A combination of sugar, glucose, and starch is extruded to create a chewy, 

gelatinized product, such as fruit gums and liquorices. Heat causes the starch to gelatinize, the sugar to 

dissolve, and the extra water that is vented from the machine to evaporate. The plasticized substance is 

mixed with flavourings and colorings before being cooled and extruded. Fellowships, 2000. These various 

combinations enable the production of a very wide variety of potential products using the same machinery, 

including liquorice, boiled sweets, creams, toffee, fudge, and chocolate. 

Breakfast cereals: There are two varieties of breakfast cereals: ready-to-eat cold cereals and heated 

cereals (traditional cereals). Breakfast cereal technologies have gone from grain milling operations for hot 

cereals requiring some cooking to more complex processing methods for producing RTE extruded goods, 

which are incredibly handy, in order to save in-home preparation time. Typically, RTE cereals are flaked, 

toasteed, puffed, shredded, or extruded during the cooking and modification process (Varsha and Pavani, 

2016). 

Value addition to food wastes and by-products- All food remnants from various processing steps are 

included in the category of food processing wastes. Fruits and vegetables, dairy and meat products, flour 

mill and bakery goods, sugar and confectionery goods, fat and oil processing, beverages, and other diverse 

food preparation wastes are all examples of processed food. These by-products are excellent sources of 

phytochemicals such polyphenols, carotenoids, phytosterols, and hesperidins as well as antioxidants, vital 

fatty acids, dietary fibre, minerals, and vitamins. Several of these industrial by-products and residues have 

found useful use in extruded goods due to the many benefits of extrusion cooking in handling a variety of 

food materials at cheap cost. 

Pet foods and animal feeds: Aquatic food, enlarged semi-moist and dry pet diets, as well as food for lab 

animals are all made via extrusion. In contrast, the food for dogs and cats is directly extruded and dried. 

Extrusion is a procedure that can be used to create diets for exotic species in aquariums, high-grade full 

feeds to preserve health, and feed for decorative fish. This enables greater utilisation of the protein 

sources—vegetable, animal, and cereal—that are accessible. 

Advantages of Extrusion Technology Versatility 

Cost - Extrusion has lower processing costs and higher productivity than other cooking and forming 

processes.   

Productivity - Extrusion is a continuous process with high output.   

Product Quality - Extrusion cooking uses high temperature for a brief period of time (HTST), which 

preserves many of a food's heat-sensitive components and reduces nutrient and flavour losses. 

Environment friendly - As a low-moisture process, extrusion cooking does not produce significant process 

effluents.   

Energy efficient- While cooking food goods, processing takes place at relatively low moisture levels. Lower 

moisture lowers the amount of heat needed to cook the product and re-dry it after cooking (Harper, 1981). 
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Production of new foods - Extruders can modify starches, proteins, and other food materials to produce 

a wide variety of new food products. 

Disadvantages of Extrusion Technology 

Colour fading of the product as a result of expansion from too much heat. The utilisation of high 

temperatures and low moisture conditions allows for a variety of chemical processes, including non-

enzymatic browning and caramelization. The nutritional value of proteins typically deteriorates when 

dietary item containing proteins and reducing sugars is heated (lysine). 

Conclusion 

Food goods of higher quality with excellent textures and lots of nutrients are in higher demand from 

consumers. Extrusion processing has shown to be a very efficient and cost-effective processing method for 

creating a variety of tasty food products. Extrusion holds a lot of promise as a beneficial processing method 

for the food industry because of how simple and adaptable it is. Extrusion research will continue to advance 

the technology and broaden the range of products that can be produced as additional ways are discovered 

to use it efficiently and modify it. 
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Introduction 

Cultivation of different horticultural crops in protected structures is relatively a new or improved 

technology, growing crops in controlled environments (such as temperature, humidity, light and other 

factors can be regulated as per requirement of the crop) which gives manifold increase in yield per unit 

area. Area under protected Cultivation is increasing day-by-day due to demand for high quality, export-

oriented horticultural products and need for the availability of horticultural crop produce round the year 

especially in off season. Modernized protected cultivation are very popular among farmers throughout 

world and in India, to rise per capita income of framers protected structures are being initiated by National 

Horticulture Mission. Horticultural crops vegetable crops such as cucumber, capsicum, tomato, ornamental 

flowers such as, carnation, roses, gerbera, chrysanthemum and fruit crop like strawberry etc. be grown 

successfully in protected structures (poly houses/greenhouses/ shade net houses).  

Under Indian conditions, these horticultural crops are susceptible to phytonematodes and seriously 

infested with nematodes such as root-knot nematodes (M. incognita, M. javanica and M. hapla) along with 

other nematodes like lesion nematode (Pratylenchus spp.), reniform nematode (Rotylenchulus reniformis), 

foliar nematode (Aphelenchoides fragariae), burrowing nematode (Radopholus similis) and bulb and stem 

nematode (Ditylenchus dipsaci) which may develop on crops grown under protected structures.  Root-

knot nematodes (RKNs) problem in polyhouse is stimulated by environmental conditions congenial for their 

survival. Due to controlled environmental condition and continuous growing of susceptible crops, the RKNs 

(Meloidogyne spp.) has emerged as a major problem, most destructive, causing enormous yield loss and 

difficult to control.  In comparison to open field the population build-up is rapid under polyhouse conditions 

and the nematode population reaches 5-6 times the threshold levels within 18-24 months, making protected 

cultivation a wasteful exercise. In India, at national level on an average loss of Rs. 21,068.73 million has 

been estimated due to plant parasitic nematodes (PPNs). An overall average annual yield loss in major 

horticultural crops due to PPNs may goes up to 60 per cent under protected cultivation. Once the nematodes 

enter in polyhouse by any means, it is very difficult to get rid of them. The nematode infestations followed 

by other secondary phyto-organisms as like fungi, bacteria, viruses etc. which leads to complete crop losses 

in some cases. 

Reasons for Multiplication of Meloidogyne spp. Under Protected Cultivation 

1. Moisture and Temperature-  Optimum temperature range for survival of PPNs is 15-30°C and become 

inactive or less active from below and above temperature conditions or may lethal for nematode. Due to 

congenial moisture and temperature conditions, use of high agronomic inputs fertilizers, plant growth 

promoters and frequent irrigation in polyhouses nematodes are able to complete several generations in less 

period of time as compared to open field conditions. 

2. Host- Most of the crop (cucumber, capsicum, tomato, carnation, roses, gerbera, crysanthemum and 

strawberry etc.) grown in polyhouses are susceptible to PPNs. So, continuous growing of same susceptible 

crop increases problem of soil borne pest and diseases including PPNs. 

Symptoms 

The root-knot nematodes are obligate sedentary endoparasitic nematodes which complete their life cycle 

inside the plant tissues. The common above ground symptoms of the infestation. with Meloidogyne spp. are 

stunting, yellowing and wilting, whereas highly infected plants show leaves drooping symptoms during day 
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time, even under optimum moisture conditions. Most typical below ground symptoms are the gall formation 

(knots) on roots. These galls formed on cucurbits are bigger in size than other crops. 

 

Current Management Options 

Nematode management by any single method is extremely difficult. So, keeping in view of this integration 

of all available management options for better resolution of the nematode pest. The integrated strategies 

for control of plant parasitic nematodes can be based upon two basic principles: 1) preventive measures and 

2) on-farm techniques. Preventive measures avoid the introduction pest species in newer areas and second 

one is based upon control measure (cultural, biological and chemical) adopted by growers, to reduce pest 

population below ETL. 

Preventive measures: 

a. Use of healthy planting material for raising the crop. 

b. Before initiation of polyhouses, soil should be tested for nematodes infestations. 

c. Crops should be raised in soilless media with disease-suppressive mixers. 

Curative measures: 

a. Soil solarization is a most effective method to reduce the nematode population during hot summer 

months (temperature around 40-50o c). 

b. Crop rotating or inter cropping tomato/ cucumber with non-hosts such as garlic, Marigold, radish, 

cabbage and cauliflower could reduce RKNs populations in soil. 

c. Non-edible oil cakes of Neem, Mustard, Castor, Karanj, Mahua etc. can be used for management 

of RKNs. 

d. Bio-agents such as Paecilomyces lilacinus, Pochonia clamydosporia, antagonistic 

fungus- Trichoderma viride, T. harzianum, VAM fungus- Glomus spp., bacterial 

parasite- Pasteuria penetrans and PGPR bacteria- Pseudomonas fluorescence is very effective 

against PPNs. 

Recommendation by CCSHAU, Hisar 

1. Soil solarization by 2-3 deep summer ploughings in the month of May-June at 15 days interval followed 

by light irrigation and covering of soil with 25-micron transparent polythene sheet for 30 days during June-

July for the management of root-knot nematodes (Meloidogyne spp.) in polyhouses. 

2. Soil application of Trichoderma viride @ 20 g m-2, mixed with neem cake/FYM/vermicompost @ 100 g m-

2 in the beds for the management of root-knot nematodes (Meloidogyne spp.) in tomato grown under 

polyhouse conditions. 
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Introduction 

Credit needs of the farming community are inevitable in Indian agriculture. Hence there are both 

institutional and non-institutional sources of farm financing. Credit needs of the farmers can be classified 

based on time as short term, medium term and long term and based on purpose as productive and 

unproductive. Agricultural finance is a branch of agriculture that deals with acquisition and use of capital. 

It makes farmers adopt new technologies in order to maximize production thus feeding the population. 

Credits may be given through direct finance by government or as indirect finance through financial 

institutions. Non institutional finance in Indian agriculture is easy to obtain by simple procedures and 

without restrictions. But it has exorbitant rates of interest, malpractices, exploitations and bonded labour. 

Banking Institutions for Credit 

Institutional agencies of credit include cooperatives, commercial banks and RRBs. All India Rural Credit 

Survey Committee and All India Rural Credit Review Committee were two of the landmarks in the growth 

of cooperatives in Indian agriculture. In 2013, institutional agencies shared 59.8% and non-institutional 

agencies shared 40.2% of total credit disposal in India. It says that as per the priority sector lending, 

minimum 40% of total ADV should be given to the priority sector. Within that minimum 18% to agriculture 

with 4.5% as direct finance and minimum 10% to weaker sections and minimum 1% as DRI scheme.  A 

recent trend shows that the cooperatives are being neglected and are overcome by commercial banks.  

Even though we have 1638 Primary Agricultural Credit Cooperative Societies (PACSs), 606 are loss 

making, 33 are at dormancy and 34 at liquation. It shows the declining share of cooperatives. Principles of 

credit analyses whether the credit is sufficient enough to meet the costs and ultimately generate income 

that is sufficient enough to repay the loan. Another aspect is whether this much credit is needed for 

cultivating in the specified area, the specified crop under specified conditions. Hence scale of finance is 

fixed for each crop. Monitoring has to be done to ensure proper utilization of availed credit for the specific 

purpose cited. A sound credit is the life blood of farming. 

To give loans PACSs were formed based on Cooperatives Act 1904. There exist a three-tier system 

consisting of State Cooperative Banks (SCBs) at the top followed by District Cooperative Banks (DCBs) 

and PACSs. Area of operation of PACSs is village. These banks are formed with a service motive. State 

Cooperative Agricultural & Rural Bank provides the long-term loans. PACSs provide short- and medium-

term loans to the farmers. These loans can be production, investment or consumption loans. Every farmer 

who is in need of loan submits records detailing his name, address, type and area of land, crops cultivated 

and irrigation facility. The district level technical committee fixes the scale of finance and provides the 

loans. Inspections are made to the farmer fields to check out the progress. Cooperative banks also provide 

Kissan Credit Cards (KCC). It is crop oriented loans.  Part of the loan in the KCC was provided as cash and 

as fertilizers. The card is valid for 3 years. The repayment of the cash withdrawn each year should be paid 

before the end of that year. Thus, the farmers are given loans at 4% interest. KCC comes under short term 

loans. Service area approach is made for each cooperative bank to work within. 

At the primary level cooperatives face problems like poor resource mobilization, over dues, dormancy of 

societies ineffective management etc. and at the district level structural defects like staff problems, defects 

in loan policies and procedures, delay in sanction etc. democratization and debeaurocratisation of 

management, human resource management, better recovery climate, strengthening of base level 

institutions etc. are some suggestions to overcome these. Keeping farmer at the centre, hedging, integrated 

services, structured finance, technology, agency tie ups, credit delivery channels, increasing exposure and 

insurance are the extension services provided by the institutional finance in India. 
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Lead bank of each district is headed by Lead District Manager appointed by Reserve Bank of India (RBI) 

and an LDM is allotted for 4-5 districts. The credit outlays of District Credit Plan (DCP) are prepared not 

merely sector wise, but also bank wise and block wise. The cooperatives are also involved in the preparation 

of DCPs by allotting their share of targets under priority sector or government sponsored programmes. 

Formulation of DCPs is the most important phase of the Lead Bank Scheme (LBS).  District Consultative 

Committee is formed in lead district to facilitate coordination of activities of all the banks and the financial 

institutions on the one hand and government on the other. It has District Collector as the chairman and 

LDM as the Convener. 

Agriculture lending includes priority sector loans and these are sectors of the economy which may not get 

timely and adequate credit in the absence of this special dispensation. Direct finance is given to individual 

farmers and indirect finance for allied agricultural activities. But bankers consider allied agricultural 

activities under direct finance. This is meant to follow RBI Act and also to achieve the targets fixed by RBI.  

National credit hubs are constituted by regional credit hubs which are then constituted by branches of the 

bank.  Upto 5 crores, direct finance is given to agriculture and more than 5 crores as indirect finance to 

small and medium enterprises. Challenges faced by commercial banks include perception problems, 

appraisal problems, rate of interest etc. 

Conclusion 

Agricultural finance is inevitable in Indian agriculture. People take loans from institutional as well as non- 

institutional sources of credit. But most people prefer institutional sources especially the commercial 

banks. It is not that much important that from which bank the loan is taken, but how it is going to be 

utilized. The main problem we observe in agricultural credit to individual farmers is the inappropriate 

utilization of loans for other unproductive purposes and thus the farmer is not capable of repaying them. 

This leads them to indebtedness. While in the case of groups like Self Help Groups (SHGs), Kudumbashree, 

Joint Liability Groups, (JLGs) etc., the credit utilization is appropriate to a far extent compared to 

individual farmers. Hence farming can be successful only if its life blood is sound and pure. 
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Introduction 

The growing demand for liquid foods of high sensory and nutritional quality has led to the search for new 

or improved food processing technologies. At present concentration of liquid foods is carried out by 

evaporation, membrane concentration and freeze concentration. Evaporation uses gas-liquid phase 

separation. It has the lowest capital cost and maximum concentration obtainable (>50 °Brix); yet, it 

provides the lowest product quality. Reverse osmosis is based on the molecular-sieve mechanism of semi-

permeable membranes. The maximum concentration obtainable is relatively low (30 °Brix), also it requires 

least energy but the cost of membranes is high.   

Freeze concentration is a process for concentrating liquid products by freezing the water content and 

subsequently removing the so-formed ice crystals from the food system. Freeze concentration is based on 

solid-liquid phase separation at low temperatures so that a good retention of flavors and thermally sensitive 

components is expected. The nutritional and sensory quality of freeze-concentrated fruit juices is higher 

than those concentrated conventionally by means of evaporation due to the low processing temperatures, 

which avoid undesirable chemical and biochemical changes, and minimize the loss of sensory properties. It 

gives the best quality and the total costs are three to four times higher than for evaporation or reverse 

osmosis (van Mil and Bouman, 1990). The maximum concentration reached for freeze concentration is 

about 50 °Brix (Heldman, 2003). Basic steps of freeze concentration are formation of ice crystals and 

separation of ice crystals. 

Steps Involved in Freeze Concentration 

1. Ice crystal formation and growth: Before an ice crystal can form, a nucleus of water molecules must 

be present. Nucleation therefore precedes ice crystal formation. Nucleation involves water molecules 

coming together to form a crystal lattice when a necessary driving force is attained. In aqueous systems, a 

driving force for nucleation occurs when the temperature is below the melting point. The term subcooling, 

the temperature difference below the melting point, is often used to define the temperature driving force 

in aqueous systems.  

For pure water, the melting point occurs at 0 °C, but in foods, the melting point is lowered by the presence 

of small molecular weight solutes (freezing point depression). According to the theory of homogeneous 

nucleation, water molecules aggregate together to form molecular clusters that eventually reach a critical 

size where the cluster becomes a stable crystal nucleus. The critical size of a stable nucleus is given, 

according to the classical homogeneous nucleation theory, as the point where the maximum Gibb’s free 

energy change occurs. There are two types of nucleation: homogeneous nucleation (the chance orientation 

and combination of water molecules) and heterogeneous nucleation (the formation of a nucleus around 

suspended particles or at a cell wall).  

In pure water with no agitation, homogeneous nucleation of ice occurs at about –40 °C. Foreign particles 

like dust and the wall of the vessel often provide sufficient energy to allow nucleation to occur at reduced 

driving forces (lower subcooling). In heterogeneous nucleation, the foreign surface provides some of the 

energy necessary to form a stable cluster. In ice, nucleation at vessel walls occurs readily, and this is a 

problem for some freeze concentration systems where individual ice crystals are needed for efficient 

separation. In typical foods, heterogeneous nucleation occurs when the temperature is reduced to between 

−6 and −8 °C. Thus, heterogeneous nucleation occurs at temperatures well above those expected for 

homogeneous nucleation. In agitated suspensions of ice crystals, additional nuclei can be generated by 

secondary nucleation. Secondary nucleation occurs under conditions of subcooling that would not by itself 

promote heterogeneous nucleation, so typically secondary nucleation is only important in systems that are 
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close to the melting point. Contacts between growing crystals and other elements of the crystallizer (wall, 

impeller, other crystals, etc.) are thought to be responsible for generation of secondary nuclei. Thus, 

agitation speed plays an important role in the rate of secondary nucleation. In foods, the solute molecules 

can significantly impact nucleation. In general, the presence of soluble components in foods inhibits ice 

nucleation, whereas the presence of insoluble components may promote nucleation by providing 

heterogeneous nucleation sites. Once nuclei have formed, crystals grow according to the environmental 

conditions.  

Growth of ice crystals has been found to be governed by two steps: counter diffusion of solute molecules and 

transfer of latent heat of fusion away from the growing ice crystal surface. Ice crystal growth rates increase 

linearly as subcooling increases, whereas increasing agitation promotes crystal growth only up to the point 

where heat and mass transfer are no longer limited. The presence of dissolved solutes inhibits ice crystal 

growth since more molecules must diffuse away from the crystal surface. The increased viscosity as solute 

concentration increases promote this growth inhibition. Under certain conditions, small ice crystals can 

agglomerate into larger crystals (Shirai et al., 1987). Ice crystals undergo a thermodynamic ripening 

process, particularly if the initial ice crystals are small and not spherical in shape, which is often the case 

for nucleated crystals in freeze concentration systems. The regions of high radius (sharp edges) are less 

thermodynamically stable (have a slightly higher melting point) that flat surfaces, so very small (<10 µm) 

crystals can melt away at the same time larger ice crystals can grow. This phenomenon is often called 

ripening (or recrystallization). 

2. Ice separation: Once ice crystals of the correct size, shape, and purity have been formed, an efficient 

separation process is needed to ensure minimal solute carryover and loss. Both presses and centrifuges 

present problems with carry-over of solutes into the ice stream, whereas wash columns have developed to 

the point where carryover has been reduced to less than 100 ppm in many cases. For a given type of 

separator, larger ice crystals and lower concentrate viscosity are desired for most efficient separation. A 

mechanical press can be used to expel the liquid from within and between the ice crystals. This method 

may be more appropriate for solid-layer crystallization than suspension crystallization, but the amount of 

solid remaining with the ice is generally too high for use in food freeze concentration. A slurry of ice crystals 

can be separated from the concentrate in a centrifuge based on the difference in specific gravity between 

ice and concentrate. The efficiency of separation depends on the rotational speed of the centrifuge, the 

nature of the ice crystals (size, shape, distribution, and total mass), and the viscosity of the concentrated 

product. Rinsing with water may be necessary to remove solids, but then the wash stream containing dilute 

solids content must be processed back into the system. A vapor–liquid interface in centrifuge systems 

generally leads to loss of volatile flavors and aromas. The best alternative found for separation of ice in 

freeze concentration is the wash column, which can yield a pure ice stream with as little as 100 ppm 

dissolved solids. Wash columns also operate continuously with ice and concentrate flowing countercurrent 

to enhance separation. The ice crystals are transported to the top of the column, either by pressure or 

natural buoyancy (or both), while the concentrate flows down the column. Pure ice is removed at the top of 

the column by a scraping device. A portion of this ice is melted and the water allowed to pass down the 

column, giving the washing effect. The fluid at the top of the column is thus diluted and has lower viscosity 

than the primary concentrate, which enhances separation. Concentrate is removed through a filter at the 

bottom of the column. 
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Aarifa Jan a resident of Kulangam Kupwara started her 10 cow Dairy Unit in January 2021 under 

Integrated Dairy Development Scheme, Department of Animal Husbandry Jammu and Kashmir. After 

establishing the dairy unit, she is very much satisfied with the enterprise and currently she has the 

livestock strength of 16 cattle (nine cows and 6 heifers). In addition, she sold four male calves during the 

current year (2022). The dairy farmer is receiving services of Department of Animal Husbandry, Kashmir 

from time to time in terms of regular health checkups and artificial insemination service. In addition, the 

farmer is in close contact with Krishi Vigyan Kendra, Kupwara, who are providing her every sort of 

technical guidance via trainings, telephonically and in person visits regarding various dairy farm 

operations viz. management, feeding, health etc. Moreover, a vermicomposting unit was also provided to 

her by KVK- Kupwara for scientific management of farm yard manure and increasing revenue from it.. The 

dairy farm at this stage is process of extension as female calves produced are retained to increase the 

strength of livestock. She is actively involved herself in almost all operations of dairy farm from feeding to 

milk sale besides she also hired a labourer to perform routine dairy farm operations like cleaning, feeding 

etc. Most of the fodder inputs required for feeding of livestock like paddy straw, maize, oats etc are grown 

by herself in self owned cultivable land in addition to harvesting fodder like mixed grass, clovers, tall fescue 

etc from self-owned orchard land. 

These green fodders are fed on as such basis as source of green in varying amounts depending upon stage 

of production to cattle and the surplus amount is preserved as hay for feeding during lean season. She tries 

her best to run the farm on scientific lines both in terms management and health viz. performing 

deworming thrice a year, proper vaccination, artificial insemination, ensuring dry period of 45-60 days, 

providing cow mats and shade net, machine milking, preservation of fodder, washing, clean milk 

production, exercise of animals, rodent control, offering dry, green fodder and concentrate in proper ratio 

depending upon stage of production etc. Still some other practices like silage making, dehorning, castration 

etc are yet to be adopted by her. 

 

The milk produced at farm is sold locally and any surplus milk during peak season is used for paneer 

making to preserve it and also fetches some more price. The average milk production of farm on dairy basis 

is around 100 litres/day which fetches her around Rs 4,000 on daily basis and Rs 1 lac on monthly basis of 

which 60% is the cost of feeding and other expenses, so net profit from milk alone is around Rs 40,000/ 

month i,e  Rs 4,80,000/= per year. 

Other sources of revenue from dairy unit are sale of male calves and farm yard manure. Sale of 04 male 

calves and FYM fetched an amount of Rs 1 lakh each. So, the net profit from farm is around 6 lakh and 
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realized profit from these enterprises is around 4.5 lac keeping into consideration use of FYM at own land 

and some share of profit utilized for other running operations of farm and taking into account depreciation 

of assets. Despite the fact that her dairy farm is running in profit, but there are certain constraints like 

shortage of quality fodder during lean season, lesser selling rate of milk, lack of skilled labour to look after 

the farm etc. Despite all these constraints, this dairy farm serves as a model & inspiration for other men 

and women of the locality. 
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Introduction 

Late blight caused by Oomycete Phytophthora infestans (Mont.) de Bary has historically been an important 

disease of potato and tomato worldwide. It is an extremely destructive disease of potato and tomato. It can 

infect and destroy the crop at any stage of development and is capable of rapid spread resulting in complete 

destruction of these crops. Yield loss due to late blight in India varies from year to year and range from 20-

75 % (Sundaresha et al., 2015). 

Symptoms 

The disease appears on potato and tomato leaves as pale green, water-soaked spot, often beginning at leaf 

tip and margins of leaves which rapidly grow into large brown to purplish black necrotic spots. The circular 

or irregular purplish leaf lesions are often surrounded by a pale green border that emerges with healthy 

tissues. Lesions enlarge rapidly and turn dark brown to purplish black (Fig. -1). 

 
Fig.- 1 

During period of high humidity and leaf wetness, a cottony, whitish or grayish mold growth is usually 

visible on lower leaf surface at the edges of lesions which disappear with dry weather (Fig-2). 

 
Fig.-2 

When moist weather persists, infected areas on stem appear brown to black and entire foliage may be killed 

in a short time (Fig.-3). Tuber infection is characterized by patches of brown to purple discoloration on the 

potato skin. Cutting tubers are stored under cool, dry conditions, lesion development is retarded and upon 

prolonged storage, lesions may become slightly sunken and desiccated (Fig.-4). 

 
Fig.- 3 

The wet rot phase is more common in storage conditions unless cool and dry conditions are maintained. 

Late blight can also develop on tomato fruit, resulting in large, firm, brown, leathery- appearing lesions, 

often concentrated on the sides or upper fruit surface. 
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Fig.- 4 

If conditions remain moist abundant white mold growth will develop on the lesions and secondary soft -rot 

bacteria may follow, resulting in a slimy, wet rot of the entire fruit. Hot dry weather checks its spread. The 

disease occurs in humid regions with temperatures ranging between 4-29°C.  Potato or tomato plants that 

are infected may rot within two weeks. 

Cause and Condition for Disease Development 

The fungus Phytophthora infestans is primarily a pathogen of cool climates; it has a remarkable capacity 

to adopt to its environment and has thus spread to almost all conditions that are conducive to the growth 

of potatoes. The fungus persists by infecting potatoes that have been stored, and it spreads from infected 

tubers to potato foliage. The pathogen's spores are spread from infected plants in one area to healthy plants 

in nearby fields by wind, raindrops, and animals. 

Disease development is favoured by cool, moist weather. Night temperature below dew point for at least 4 

hrs, minimum temperature of 100 C, accompanied by rain and fog or heavy dew in the next 24 hrs are ideal 

for forecasting of late blight occurrence in severe form. Lesions may appear on leaves within 3-5 days of 

infection. Infection of potato tubers arises from spores that develop on foliage. Tubers exposed by soil 

cracking or erosion of hills may come in contact with spores washed down from infected leaves and stems 

by rainfall or irrigation. Tubers infected during the growing season may partially decay before harvest. 

Tuber infection may also occur at harvest when tubers contact living spores remaining on infected vines. 

Management 

1. Use disease free seed materials or certified seed for planting. 

2. Apply sanitation practices.  High riding at the time of earthing of the crop reduces the chances of tuber 

infection. 

3. Delay harvesting until the plants are fully dried. 

4. Use cool, dry and well aerated stores. Sort out the potato from blighted field and treat the tubers before 

storage.  

5. Use resistant varieties. Resistant variety of Potato are Kufri Badshah, K. Alankar, K.Jeevan, K.Naveen, 

K.Ahoka, K. Chipsona-2, K.Sadabahar and K.Jawahar . Pant Bahar is the resistant variety of tomato. 

6. Apply fungicides as needed throughout the growing season.  Several forecast techniques have  been 

developed that predict when a spray will be necessary based on environmental conditions. If Relative 

humidity is more than 85 % for more than 85 hrs, temperature 7.2-26.60C for more than 115 hrs, disease 

will appear within seven days. Apply protective spray of Mancozeb@2 g/liter water. 

7. After appearance of the disease spray Cymoxanil 8% + Mancozeb 64% WP @ 3g/liter water or Fenamidone 

10% + Mancozeb 50%WG @ 3g/liter water. 

Reference 
Sundaresha, S., Kumar, S., Singh, B. P., Jeevalatha, A., Rawat, S., Mahota, A.K. and Sharma, T. R. (2015). Comparative genome 

analysis of Irish famine pathogen with Indian Phytophthora infestans isolate. In:3rd International symposium on Phytophthora: 

Taxonomy, genomics, pathogenicity, resistance and disease management. 9th -12th September, 2015. Bengaluru, India, Pp. 24. 
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Introduction 

A new endemic species of honeybee, christened Indian black honeybee (Apis karinjodian), was discovered 

in the Western Ghats. Its habitat ranges from the central Western Ghats and Nilgiris to the southern 

Western Ghats, spanning the states of Goa, Karnataka, Kerala and parts of Tamil Nadu. The species has 

been classified as Near Threatened in the IUCN Red List. 

The discovery of an endemic honey bee in Western Ghats biodiversity hotspot spells well for both the 

scientific community and livelihood of people in India. Interestingly, the new species has been found after 

more than 200 years as it was in 1798 the last honey bee had been discovered in the country. Named Apis 

karinjodian, the common name of the new species is Indian black honey bee and its appearance is 

visibly dark. The bee was discovered by a team which included Shanas, S.N. College, Cherthala’s Anju 

Krishnan G and Dr. Mashhoor K from EMEA College of Arts and Science, Malappuram. 

The new species spells well for apiculture in India, pointed out Dr. Shanas S, Assistant Professor in Kerala 

Agricultural University’s Integrated Farming System Research Station in Thiruvanathapuram, to India 

Narrative. “The ability of the Indian black honey bee to produce higher quantities of honey 

which is thicker in consistency opens up new avenues for increasing the honey production.” 

 

The honey which currently comes from A. indica has high moisture content – more than 25% while the 

Food Safety and Standards Authority of India does not allow more than 20%. This forces farmers to heat 

the honey leading to change in colour and texture while also causing loss of nutrients. But the thicker 

consistency honey of the new species doesn’t require this process and thus retains its natural goodness, 

Shanas said. 

A. karinjodian habitat is spread from the central Western Ghats and Nilgiris to the southern Western 

Ghats, covering the States of Goa, Karnataka, Kerala and parts of Tamil Nadu. The species has been 

classified as near threatened in Kerala going as per International Union for Conservation of Nature Red 

List categories and criteria as it is found rarely in managed and feral colonies in Western Ghats region of 

Kerala.  
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The study has also provided the first distribution map and key to distinguish the three-cavity nesting honey 

bee species occurring in the Indian subcontinent, namely A. indica, Apis cerana and A. karinjodian. Honey 

bees used for commercial honey production are known as cavity nesting honey bees. 

About 

1. The Indian black honeybee, ranges from the central Western Ghats and Nilgiris to the southern Western 

Ghats, covering the States of Goa, Karnataka, Kerala and parts of Tamil Nadu. 

2. The last honeybee described from India was Apis indica in 1798 by Fabricius. It was not considered a 

valid species till now. 

3. The research team restored the status of Apis indica based on a new measure for species discrimination 

in honeybees termed ‘Radio-Medial Index (RMI). 

4. Apis karinjodian has evolved from Apis cerana morphotypes that got acclimatised to the hot and humid 

environment of the Western Ghats. 

5. Till date, only a single species, Apis cerana was noted across the plains of central and southern India 

and Sri Lanka as a ‘fairly uniform population’ in the Indian subcontinent. 

Honeybee Species in India and the World 

The discovery of new species of honeybee was made in India after more than 200 years. The last time a 

honeybee species was described in India was Apis indica, which was identified by Fabricius in 1798. It was 

not considered to be a valid honeybee species until the research team that discovered Apis karinjodian 

restored its status based on the new measure for species discrimination in honeybees called Radio-Medial 

Index.With the discovery of the new species Apis karinjodian and the acceptance of Apis indica, the number 

of honeybee species in the world has increased to 11. 

The new study provided the first distribution map and key to distinguish the three cavity nesting honeybee 

species present in the Indian subcontinent. These species are Apis indica, Apis cerana and Apis 

karinjodian. Cavity nesting honey bees are those used for the commercial production of honey. Till date, 

only Apis cerana was noted as a uniform population of cavity nesting honeybees in the Indian Subcontinent. 

It is found across the plains of central and southern India and Sri Lanka. 

How does the New Species Help India’s Apiculture Industry? 

1. The new species will provide a major benefit for India’s apiculture industry since it produces higher 

quantities of honey that is thicker in consistency. 

2. Currently, the Indian apiculture industry relies on honey obtained from Apis indica that has a moisture 

content of more than 25 per cent. 

3. The Food Safety and Standards Authority of India (FSSAI) does not allow more than 20 per cent moisture 

in honey. 

4. To reduce moisture, the honey is heated, leading to a change in the colour, texture and loss of nutrients. 

5. Since the honey from Apis karinjodian is thicker, this process is not required. Therefore, the natural 

quality is retained. 

Significance 

1. The research has given a new direction to apiculture in the country by proving that it has three species 

of cavity nesting honey bees viz., Apis indica, Apis cerana, and Apis karinjodian, the last being visibly dark 

in appearance. 

2. The ability of the Indian black honeybee to produce higher quantities of honey, which is thicker in 

consistency, opens up new avenues for increasing honey production. 

Reference 
1. https://www.thehindu.com 

2. https://www.newindianexpress.com  

3. https://www.gktoday.in 
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Introduction 

Since the dawn of human civilization, plants have been used as a source of medicine because they were 

easily available in the immediate environment. According to the World Health Organization, 

approximately 80 per cent of the population of developing countries relies chiefly on traditional medicine 

for primary health care (Gosh, 2008). Similarly, in India, the medicinal use of plants has been practised 

since ancient times by various rural and tribal communities through the systems of Ayurveda, Siddha and 

Unani. 

Ethnopharmacology 

The word "ethnopharmacology" comes from the Greek words "ethnos," meaning "people," "pharmacon," 

meaning "drug," and from the Middle English and Old French word "ology," which means "the scientific 

discourse, study, or theory of something." It is an interdisciplinary field focusing on the scientific study and 

experimentation needed to prove and validate the traditional uses of plants and other natural products. 

The primary focus of this study is based on indigenous knowledge of plants used for medicinal purposes. 

Weeds: Source of Pharmaceuticals 

There are several plants, including weeds that possess pharmacological properties. Some of the weeds that 

exhibit pharmacological properties are: 

      
Eclipta alba Boerhavia 

diffusa 

Cyperus 

rotundus 

Scoparia 

dulcis 

Phyllanthus 

amarus 

Vernonia 

cinerea 

      

Aerva lanata Cleome 

viscosa 

Sida spp Cynodon 

dactylon 

Mimosa 

pudica 

Centella 

asiatica 

Figure 1: Pharmacologically important weeds 

Phytochemicals 

All plants produce chemical compounds as part of their normal metabolic activities. These are primary and 

secondary metabolites. It is these secondary metabolites and pigments that can have therapeutic actions 

in humans and which can be refined to produce drugs (Table 1). 

Table 1: Major phytochemicals found in common weeds: 

Sl. No. Phytochemical Weed Chemical 

1 Alkaloids Boerhavia diffusa Punarnavine 

2 Flavonoids Cyperus rotundus Kaempferol 

3 Terpenes Scoparia dulcis Scoparic acid A 
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4 Saponins Eclipta alba Eclalbatin 

5 Lignans Phyllanthus amarus Phyllanthin 

6 Carotenoids Cynodon dactylon β- carotene 

7 Steroids Sida spp. Stigmasterol 

8 Tannins Tridax procumbens Tannic acid 

9 Volatile oils Phyllanthus amarus Linalool 

Pharmacological Properties of Weeds 

Weeds have a plethora of pharmacological properties. Table 2 lists some of the more common properties. 

Table 2:  General pharmacological properties: 

Pharmacological properties Examples of weeds 

Anti-diabetic (reduction in blood glucose level) Cynodon dactylon, Phyllanthus amarus 

Hepato-protective (protection of kidney) Boerhaavia diffusa, Mimosa pudica 

Wound healing Sida cordifolia, Mimosa pudica 

Anti-urolithiatic (against urinary stones) Scoparia dulcis 

Anti-diarrhoeal Vernonia cineria, Mimosa pudica 

Anti-ulcer Cardiospermum helicacabum, Cynodon dactylon 

Anti-pyretic (reduction in elevated body 

temperature) 

Cleome viscosa, Vernonia cineria 

Anti-inflammatory Vernonia cineria, Emilia sonchifolia 

Hair growth Eclipta alba 

Anti-oxidant (scavengers of free radicals) Centella asiatica 

Analgesic (pain relief) Scoparia dulcis, Vernonia cineria 

Nephro-protective (protection of kidney) Phyllanthus amarus, Boerhaavia diffusa 

Diuretic (increase in urine volume) Aerva lanata 

Lactogenic (increase in milk yield) Cyperus rotundus 

Pharmacological activities of Eclipta alba: 

a. Hepato protective: protective effect on liver as well as against liver disorders  

b. Anti- ulcer: reduce ulcerative lesions  

c. Immuno modulator  

d. Anti-cancer: inhibit the migration and proliferation of carcinoma cells  

e. Hair growth  

f. Anti-diabetic: reduction in blood glucose level  

g. Analgesic and anti-inflammatory  

h. Anti-oxidant: show potent antioxidant activity (Jahan et al., 2014). 

Pharmacological activities of Phyllanthus amarus: 

a. Anti-amnesic: improvement in the memory scores 

b. Anti-cancer: inhibit carcinoma cells 

c. Anti-diarrhoeal: delay the onset of diarrhoea 

d. Gastro-protective: inhibit gastric lesions 

e. Anti-ulcer: inhibit ulceration 

f. Analgesic and anti-inflammatory 

g. Anti-oxidant: significant potential in scavenging 

h. Aphrodisiac: changes in hormonal parameters 

i. Contraceptive effect: antifertility effect 

j. Diuretic and hypotensive: significant increase in urine volume, reduction in blood pressure 

k. Hypoglycemic: decrease blood glucose level 

l. Hepato-protective: liver protection 

m. Immunomodulatory  

n. Nephro-protective: kidney protection (Patel et al., 2011).                                   

Pharmacological activities of Cynodon dactylon: 

a. CNS activity: sedative and depressant effect 
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b. Anti-inflammatory  

c. Anti-ulcer: significant anti-ulcer activity 

d. Analgesic 

e. Diuretic: increase the urine volume secretion 

f. Immuno-modulatory  

g. Anti-diabetic: lowers blood glucose level 

h. Anti-oxidant: scavenge free radicals  

i. Anti-pyretic: reduce elevated body temperature (Asthana et al., 2012). 

Pharmacological activities of Cyperus rotundus: 

a. Analgesic and anti-inflammatory 

b. Cytotoxic activity: inhibit all type of cancer 

c. Anti-convulsant: reduce epilepsy, frequency of seizures 

d. Anti-diabetic  

e. Anti-diarrhoeal  

f. Anti-androgenic: possesses estrogenic property, exerting an anti-androgenic effect on androgenic 

hair 

g. Anti-platelet: inhibit platelet aggregation 

h. Nootropic: memory enhancer 

i. Hepato-protective  

j. Lactogenic: induce lactation, stimulate milk production 

k. Anti-depressant 

l. Neuro-protective: protect neurons from damage (Peerzada et al., 2015). 

Pharmacological activities of Boerhaavia diffusa: 

a. Anti-diabetic: reduce blood glucose level 

b. Immuno-modulation: regulation of immune responses by stimulating them to prevent infectious 

diseases or suppressing them in the undesired conditions 

c. Nephro-protective: protect the kidneys from damage 

d. Anti-lithiatic: reduce the elevated levels of Ca, PO4, uric acid and oxalate ionsin urine which is 

the reason for lithiasis 

e. Anti-oxidant: protect against oxidative damage 

f. Hepato-protective: protect liver from damage 

g. Cardio-vascular effects: protect cardiotoxicity 

h. Anti-inflammatory 

i. Anti-convulsant: protection against convulsions 

j. Anti-cancer (Patil and Bhalsing, 2016). 

Pharmacological activities of Sida spp. 

a. Anti-ulcer  

b. Hepato-protective  

c. Analgesic and anti-inflammatory 

d. Anti-pyretic: reduce elevated body temperature 

e. Vasorelaxant: reduction in vascular tension 

f. Anti-oxidant  

g. Nephro-protective 

h. Cardioprotective  

i. Wound healing 

j. Anti-diarrhoeal  

k. Anti-diabetic 

l. Diuretic: increase the levels of Na+, K+ and Cl- and volume of urine 

m. Neuro-protective (Dinda et al., 2015). 

Roy et al. (2008) reported that Eclipta alba extract was successful in reducing the time taken for hair 

growth initiation and promotion in albino rats. The aqueous extract of Phyllanthus amarus produced a 

dose-dependent decrease in the fasting plasma glucose of Swiss mice (Adeneye et al., 2006). According to 

Ramya et al. (2014), a significant decrease in blood glucose and plasma cholesterol levels was observed after 
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treatment with leaf extracts of Cynodon dactylon in alloxan-induced diabetic rats. The epithelization of 

wounds treated with aqueous extracts of Mimosa pudica was found to be quite earlier than control in mice 

(Kannan et al., 2009). Devi et al. (2003) reported that a methanol extract of Cleome viscosa showed a 

significant anti-pyretic effect in yeast-provoked elevation of body temperature in rats, and its effect was 

comparable to that of paracetamol (the standard drug). 

Conclusion 

Numerous weed species are used as herbal medicines to cure a host of body ailments and diseases. Weeds 

can be a potent source of useful drugs if they are evaluated through proper characterization and 

phytochemical screening. Knowledge of phytochemical composition and their medicinal value can play a 

pivotal role in establishing the importance of weeds in the modern health care system. 
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Introduction 

Plants enter beneficial mutualistic associations with microorganisms that improve the efficiency of nutrient 

acquisition from the environment. The most commonly established symbiosis in plants is the arbuscular 

mycorrhizal (AM) association, with 80–90% of all land plant species able to enter this interaction with fungi 

of phylum Glomeromycota. In this association, obligate biotrophic fungi receive fixed carbon from the plant 

and in return provide improved access to nutrients in the soil, particularly phosphates. 

Signalling in AM Symbiosis 

Establishment of the association requires a signal exchange, in which plant derived strigolactones are 

perceived by the AM fungi, which in turn produce a mixture of chitooligosaccharides and 

lipochitooligosaccharides that appear to function as fungal signalling molecules to the plant. Both 

chitooligosaccharides and lipochitooligosaccharides can activate the symbiosis signaling pathway, a plant 

signaling process necessary for establishment of the AM symbiosis.  

Following signal exchange between the plant and the fungus, attachment of fungal hyphae occurs on root 

epidermal cells, where the hyphal tips differentiate to form hyphopodia. Upon fungal attachment to an 

epidermal cell, a specialised tunnel-like structure called the pre-penetration apparatus is formed. The 

fungal hyphae enter the cell lumen through this pre-formed cytoplasmic bridge and are guided across the 

cell on this pre-defined path. The hyphae spread inside the plant root, primarily intercellularly, until they 

reach the inner cortex (Sieberer et. al., 2017) where arbuscules are formed.  

The early stages of AM establishment, including signal exchange and hyphopodium formation, involve the 

activation of symbiosis signaling pathway. Central to the symbiosis signaling pathway are nuclear-

associated calcium oscillations, which are decoded by a calcium and calmodulin dependent serine/threonine 

protein kinase (CCaMK), resulting in the induction of transcriptional changes responsible for arbuscule 

development (Charpentier et. al., 2016). 

Arbuscules 

Arbuscules are the result of coordinated subcellular development of the host plant cell and the AM fungus. 

The fungal hyphae branch repeatedly to produce the tree-shaped arbuscule structure. The exact structure 

that is formed can vary depending on the fungal and host genotype. The branches of the fungi are excluded 

from the host cytoplasm by a plant-derived periarbuscular membrane (PAM). Nutrients, and perhaps 

signals, are exchanged across the symbiotic interface between the fungus and the plant (which constitutes 

the PAM, the fungal plasma membrane and the periarbuscular space that exists between these two 

membranes (Fig. 1). 

 
Fig. 1 
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Arbuscules consist of a broad arbuscule trunk and fine arbuscule branches. The fungal hyphae are 

surrounded by the periarbuscular membrane (PAM). The fungus delivers mineral nutrients such as 

phosphate (Pi) and ammonium (NH4
+) to the plant through periarbuscular membrane localized proteins, 

such as PT4 and AMT2 (Ezawa and Saito, 2018).  The plants deliver sugars and lipids to fungus through 

STRs and MST2 transporters present in PAM. Arbuscules typically have a relatively short life span of 

about two to eight days before they rapidly collapse. Number of genes that are induced in root cells 

harbouring degenerating arbuscules (Li et. al., 2019). 

Phosphate solubilizing bacteria involved in the solubilization of organic phosphates have been detected on 

the surface of AMF hyphae. They thrive in close vicinity of AMF extraradical hyphae and intimately 

cooperate with AMF by providing inorganic minerals (phosphate) released from organic matter 

decomposition in exchange for carbon exuded by the hyphae (Zhang et. al., 2018). 

Conclusion 

The development of new tools, such as host-induced gene silencing and the availability of genome and 

transcriptome sequences will allow the investigation of the fungal molecular processes required for the 

successful colonization of plant roots. This will open up a new area of research, allowing elucidation of the 

fungal mechanisms that control AM development. 
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Introduction 

Rhythmic variations in behaviour are displayed by various organisms. When the rhythm persists under 

constant conditions and has a period of around one day, the rhythm is called Circadian. As the name 

suggests, circadian rhythms are variations that peak and trough with a recurring period of about (circa) a 

day (diem). Regulation of physiological functions with approximate daily periodicity or circadian rhythms 

is a characteristic feature of eukaryotes. Circadian timekeeping was originally considered to be restricted 

to eukaryotic organisms, as bacteria were not considered complex enough to possess a circadian clock. Until 

recently, cyanobacteria were the only prokaryotes reported to possess circadian rhythmicity. The potential 

for saturation mutagenesis to achieve the identification of all clock components could be greatly facilitated 

by the ability to work with an organism that has a small genome that is easily manipulated. 

Circadian Rhythms in Cyanobacteria 

Stal and Krumbein (1985) reported the first evidence for a circadian rhythm of nitrogenase activity in 

nonheterocystous cyanobacterium Oscillatoria sp. strain 23 that exhibited nitrogenase activity exclusively 

during the dark period of an LD (light/dark) 16:8 cycle and oscillation of activity persisted when cells were 

transferred from the LD cycling conditions to continuous light (LL), maintaining the pattern established 

by the preceding LD cycle. Currently, cyanobacteria are the simplest organisms and the only prokaryotes 

known to have a rigorously tested and robust circadian clock. 

Proteins Involved in Clock and Rhythmic Phenomena 

1. Core oscillator proteins encoded by kaiA, kaiB, and kaiC genes. 

2. Environmental cues are transmitted to the oscillator via molecules that signal, changes to cellular redox. 

Redox Sensitive Proteins 

1. Circadian input kinase A (CikA) 

2. Light dependent period A (LdpA) 

Information from the Oscillator is Transmitted via Output Pathway 

1. Synechococcus adaptive sensor A (SasA) 

2. Regulator of phycobilisome association A (Rpa). 

Cyanobacteria were the first prokaryotes reported to have the circadian clock regulated by a cluster of three 

genes: kaiA, kaiB and kaiC. The Synechococcus elongatus core oscillator, encoded by the kaiA, kaiB and 

kaiC genes, regulates global patterns of gene expression, the timing of cell division, and compaction of the 

chromosome. Information from the oscillator is transmitted via an output pathway consisting of a two-

component system, comprised of SasA (Synechococcus adaptive sensor A) and RpaA (regulator of 

phycobilisome association A), that are important for driving rhythms of biological activity, including gene 

expression and the timing of cell division (Cohen and Golden, 2015). 

Circadian Clocks in Non-Photosynthetic Bacteria 

Circadian clocks remain largely unknown in the non-photosynthetic bacteria, despite bacteria representing 

about 15% of the living matter on Earth. Evolutionarily, KaiC and its homologs are the oldest oscillators 

among the three, which have been found in found in three taxa of bacteria (Proteobacteria, Thermotogae, 

Chloroflexi and Euryarchaeota) (Sartor et. al., 2019). Chen et al. (2021) reported circadian rhythms in 

Bacillus subtilis, sharing the canonical properties of circadian clocks: free-running period, entrainment, 
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and temperature compensation. They showed that gene expression in B. subtilis can be synchronized in 24-

hour light or temperature cycles and exhibit phase-specific characteristics of entrainment. 

Conclusion 

In diverse organisms, circadian rhythms are vitally important for controlling temporal programs of cellular 

physiology that facilitate adaptation to daily environmental changes. Based on these evidences it can be 

considered that cyanobacteria, a group of photosynthetic eubacteria, possess a circadian pacemaker that 

controls metabolic and genetic functions. The presence of the circadian mechanism in extant cyanobacteria 

implies that it fulfills biological function and provides selective advantage to the organism. More-recent 

studies have increased our understanding of how the core oscillator is integrated with other cellular 

processes and how temporal information from the oscillator is transmitted to result in oscillations of 

biological activity. What was once considered to be a linear model, consisting of input, oscillator, and output, 

has now morphed into a more integrated network model. 
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Abstract 

Rye is one of the most important crops belongs to Poaceae family. It is considered to be very nutritional as 

it contains several nutrients like carbohydrates, vitamin, mineral, protein and ditery fiber. It is used in 

making bread and whiskey apart from that it is also used in making paper, hats, mattresses and thatching. 

It is also used as a feed for animals, as a green manure crop to improve soil and as a pasture plant. Wheat 

flour is readily available in the market but rye flour has more benefits than wheat flour. Rye flour is very 

beneficial to cure some medical conditions also. 

Introduction 

Rye flour is known as poor man’s “Wheat Flour”. Rye (Secale cereale L.) is the second most essential cereal 

next to wheat. It is chiefly used for the preparation of flour, bread, beer and rye whiskey. Rye is also used 

as a livestock feed and also as a green manure in the plant which helps to improve the soil. Rye has been 

cultivated since Neolithic period. It is mostly harvested in European countries like Russia, Poland, 

Germany, Finland, Ukraine and Denmark. Once it was a staple food for European countries. Generally, 

wheat and rye are same but rye grains are differentiated by highest fibre content, and it consists of valuable 

nutrients which includes carbohydrates, proteins, potassium, B vitamins, iron, phosphorous, magnesium 

and zinc. Rye is grown in regions where soils like Sandy soil and climate conditions like low temperatures 

are favourable for the growth of cereals. Rye is similar to wheat granules. The nutritional components 

present in the rye grains are starch (57.1% - 65.6%), dietary fibre (14.7% - 20.9%), protein (9.0% -15.4%) 

and ash (1.8% - 2.2%). The paramount proteins present in the rye grains are albumins (34%) and prolamins 

(19%) followed by globulins (11%) and glutenins (9%). Rye flour is produced by the milling of rye grains. 

Rye flour can be in different colours it varies from white to dark brown colour. The colour of the rye flour 

depends on the milling process. They are three types of rye:  

1. White (light) rye flour: white flour as the name says it is the lighest version of rye flour. In this bran 

and germ are removed completely it contains starchy endosperm. Without bran and germ, it becomes very 

light and is known as light rye. White rye flour contains less protein and high starch content [8]. Starch 

present in white rye flour plays a key role in making the bread. White rye flour consists of less gluten which 

provides better structure for baked good.  

2. Medium rye flour: medium rye flour contains more bran than white rye flour which gives darker colour 

to the flour. It is best for baking which gives lighter texture and versatility of white rye and good flavour of 

whole grain rye flour. 

3. Dark rye flour: dark rye flour is different from all. It consists of bran, germ and endosperm. These 

three making it a whole grain rye flour. 

Table1. Difference between Rye Flour & Wheat Flour: 

Rye Flour Wheat Flour 

It grows in poor soils which are sandy soils and 

peaty soils and grown in cool temperatures. 

 

It grows in the soils like alluvial soil. It is suitable 

to grow in all temperate soils. 

Low gluten content is present in rye. 

 

High gluten content is present in wheat. 

 It contains large amount of dietary fiber like 

fructan, arabinoxylan and gluten and also 

carbohydrates. 

It contains small amount of dietary fiber and 

carbohydrates compared to rye. 

It contains vitamin A, vitamin K, vitamin E, 

vitamin B2 and vitamin B6. 

It contains vitamin B1, vitamin B3, vitamin B6 and 

folate in the form of vitamin B9. 
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It has low inflammatory characters which helps 

you to reduce the risk of various diseases like heart 

diseases and cancers. 

It has high inflammatory characters compared to 

rye. 

It provides more shelf life. It provides less shelf life compared to rye. 

Health Benefits 

Rye flour has several health benefits like: 

1. Due to presence of high insoluble fiber, it increases the intestinal transit time which helps in lowering 

weight and cholesterol and also improves the insulin sensitivity. It helps you to maintain the diabetes as 

well as control the risk of diabetes. 

2. Rye has high water binding capacity which gives you the feeling of fullness and also fiber present in the 

rye can helps you to boost the metabolism. 

3. The soluble fiber and fructans in rye provides good bacteria for the large intestine which maintains good 

microbiome. 

4. White rye flour helps you to maintain the glucose which is present in blood. 

5. Presence of high insoluble fiber in rye bread and rye flour helps you to reduce the risk of gall stones. 

6. Whole grain rye flour is highly potential to fight against cancer. The same phytonutrients present in 

bread helps you to prevent from cancer. 

7. It also reduces the risk of several heart diseases and the symptoms of menopause. 

8. Fibre rich rye present in the bread promotes healthy bowel movements. 

9. Rye has lower inflammatory characters which helps you to reduce the risk of various diseases related to 

cardio vascular diseases and cancers. 

10. Rye flour has many bioactive enzymes in the form of photo chemicals like lignans which helps you to 

prevent from breast cancer. 

Conclusion 

Rye has unique importance due to its dietary fiber contribution as it is commonly consumed as a whole 

grain. As compared to other cereals it is a rich source of fiber, phenolic acids and particularly lignans 

especially highest arabinoxylan content was present in rye which gives special attention to rye and also it 

is used in various industrial applications. However most recently the producersprice has doubled because 

Rye is getting much recognition after people are getting awareness about it and also about its health 

benefits. People have started to switch from high carbs food to these naturally balanced ones. 
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Introduction 

From the knowledge gained overtime from generation to generation, fermentation technology has been 

practiced at the household level among the local people of Nagaland. Anishi is one of the Indigenous 

fermented foods of Nagaland state. It is prepared from the fermented edible Colocasia leaves of taro plant 

mainly by the Ao Naga tribe of Nagaland. Of the several indigenous taro varieties, there are basically two 

types of Colocasia plants locally called “nüha” and “jungken nü” whose leaves are used for making the 

best Anishi. It forms an important part of diet and is popularly consumed as a main ingredient in different 

food items (Jamir et. al., 2017). Fermentation can be viewed as a biological method of food preservation 

which enhances taste and flavour of the raw material. Fermentation yields a product of high nutritional 

value along with rendering the plant material more palatable and digestible (Osman et. al., 2010). The 

process of making Anishi is a pure natural preservative method as no preservative are being used in the 

process of its preparation method. 

Methods of Preparation 

  
(A). Taro (yam) plant (B). Anishi 

www.google.com 

The process of making Anishi is very simple but very time-consuming process. Fig. 1 shows the flow chart 

for the preparation of Anishi. For the preparation of Anishi, firstly, the harvested fresh mature green leaves 

should be washed properly in order to remove any kind of dirt or impurities present in it. The best time of 

the year to harvest taro leaves for making Anishi is May through September.  

Clean leaves are then stacked and wrapped with banana leaf or can be stuffed into a container or a gunny 

bag and then stored in a dry shed away from direct sunlight or rain for fermentation process. 

They are then stored for about a week until the leaves turn yellow colour. With the help of the large 

traditional wooden mortar and pestle, ground the fermented yellow leaves into soft paste and makes cakes 

out of it. By dividing these cakes into smaller pieces, patties are formed into the desired shape and size.  

The patties are then dried over the fireplace or in the sun until ready for use. The dried patties can be 

consumed directly or can store in the airtight container for later consumption. Anishi has a long shelf life 

and can last up to 2 years if stored properly in airtight containers. 
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Fig. 1: Flow chart for the preparation of Anishi 

Anishi can be cooked with dry meat, especially with pork, which is the favorite dish of the Ao tribe of 

Nagaland. It is sour in taste and used as a condiment. When cooked with smoked meat, it makes the food 

a pleasing dark textured with unique aroma and flavor with smoky taste. It is not only one of the famous 

and delicious indigenous cuisine of the Naga people of Nagaland, India but it is also known for its high 

nutritional benefits. 
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Introduction 

Okra a commercial vegetable crop belongs to family Malvaceae. It originates from Ethiopia and is widely 

spread all over tropical, subtropical and warm temperate regions of the world. It plays an important role 

in the human diet and is a good source of protein, carbohydrates, vitamins, calcium, potassium, enzymes, 

and total minerals which are often lacking in the diet of developing country. Its medicinal value has also 

been reported in curing ulcers and relief from hemorrhoids. Okra has found medical application as a plasma 

replacement or blood volume expander and also useful in genito-urinary disorders, spermatorrhoea and 

chronic dysentery. The fruits of okra have reawakened beneficial interest in bringing this crop into 

commercial production Moreover, okra mucilage has been widely used in medicinal applications such as a 

plasma replacement or blood volume expanders. Overall, okra is considered to be an easily available, low-

cost vegetable crop with various nutritional values and potential health benefits. Despite several reports 

about its therapeutic benefits and potential nutraceutical significance, there is a dearth of research on the 

pharmacokinetics and bioavailability of okra, which has hampered its widespread use in the nutraceutical 

industry. This review summarizes the available literature on the bioactive composition of okra and its 

potential nutraceutical significance. It will also provide a platform for further research on the 

pharmacokinetics and bioavailability of okra for its possible commercial production as a therapeutic agent 

against various chronic diseases. 
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Breeding Objectives 

1. High pod yield  

2. Dark green, tender, thin, medium long, smooth, 4-5 ridged pods at marketable stage 

3. Pods free from conspicuous hair, seed bulging and yellow ring at base  

4. Early and prolonged harvest 

5. Short plant with a greater number of nodes, short internodes 

6. Optimum seed setting ability 

7. Pods suitable for processing industry and export market 

8. Resistance to diseases (yellow vein mosaic virus, fusarium wilt, cercospora leaf spot) 

9. Resistance/tolerance to insects (fruit and short borer, jassids and whitefly) 

10. Tolerance to abiotic stresses (low temerature, excessive rain, saline and alkaline soils). 

Breeding Methods 

Abelmoschus spp. Are largely self –pollinated, however, they show variable levels of cross- fertilization. For 

A. esculentus 0-67% out-crossing has been reported in Puerto Rico (Martin, 1983). The common breeding 

methods applicable to primary autogamous crop are used for improvement of okra. These are as follows: 

1. Introduction.  

2. Pureline Selection.  

3. Pedigree Method.  

4. Mutation Breeding.  

5. Heterosis Breeding.  

Introduction: A cultivars from Africa known as Abelmoscus manihot spp manihot introduced into India 

has been successfully used as a source of resistance to YVMV in breeding of Parbhani Kranti and Punjab 

Padmini. 

Pureline Selection: This is applicable to landraces/ cultivars collected from farmer’s field for example, 

Pusa Makhmali was bred from a material collected from West Bengal. 

Pedigree Method: This method is applicable to the segregating after hybrization between desirable 

promising donors. The individual plant selection starts in the F2 generation and continue till F5 or F6 

generation.  

Mutation Breeding: There are not significant achivements in okra through this breeding method so far. 

Phadvibulya et al., (2009) have reported some success in developing YVMV resistant selections in Thailand 

based on induced mutations. These scientists irradiated seeds of two okra varieties, Annie and Okura with 

gamma rays at doses of 400 and 800 gamma rays. 

Heterosis Breeding: Heterosis in okra has been reported for various economic traits, viz. early and late 

flowering, plant height, number, weight and size of pods, number of ridges, marketable and total yield. 

Using hand emasculation and pollination, commercial hybrid is developed. The current seed market of okra 

in india is approximately 4000 tons for hybrid. The prominent hybrid in india presently is MH 10, MH 64, 

Sonal, Avantika. 
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Introduction 

The formaldehyde, discovered by the British Chemist, Wilheld Von Hofmann in 1867, is a simple aldehyde 

with the chemical formula HCHO. It is a colourless gas, has flammable properties and irritating repugnant 

odour at room temptrature. Formalin, an aqueous form of formaldehyde, contains 37% by weight or 40% 

by volume of formaldehyde gas in water. Formaldehyde is naturally found in various food products (IARC, 

2012). According to a study by the World Health Organization, formaldehyde content ranges from 3.3 mg/kg 

to 60mg/kg in fruits and vegetables, 8-20 mg/kg in meat,1-3.3 mg/kg in milk and 1-98 mg/kg in fish (Yeh et 

al., 2013). Trimethylamine oxide (TMAO), a natural constitute in the muscle of marine fish and shellfish, 

is considerd as the most important source of formaldehyde. The TMAO degrades into formaldehyde and 

dimethylamine (DMA) by the enzyme tri-methylamine oxide demethylase (TMAO-ase) (Rehbein,1987; 

Sotelo et al., 1995). This compound accumulates during frozen storage, reacts with protein and 

subsequently causes protein denaturation and musle toughness (Sotelo et al., 1995). Formaldehyde may be 

formed during the ageing and deterioration of fish flesh. However, high levels of formaldehyde do not 

accumulate in the fish tissues due to subsequent conversion of formaldehyde to other chemical compounds 

(Tsuda et al., 1988).    

Fish and shellfish are an important part of a healthy diet due to their unique nutritional composition, and 

are considered as an important source of protein (Ashie et al., 1996). As the world population is growing, 

the per capita consumption of fish is also increasing rapidly (Immaculate et al., 2018). Fish contains water, 

fat, protein and free amino acids which is susceptible to spoilage by biochemical reactions during post 

mortem process and by microorganisms (Fernandes and Venkatraman, 1993). 

Uses of Formaldehyde 

Formaldehyde is well known for its preservative and anti-bacterial properties. The technique of the 

preservation of biological tissue. It known as plastination, was developed by Von Hagen in 1979 and it 

preserves the whole body (and organ) by using formaldehyde which replaces the water and fat from the 

body tissue and hardens the tissue ( Habard et al., 1987). Scott et al., (2003) reported that formaldehyde is 

used as disinfectant in aquaculture to eliminate infectious agents. Formaldehyde is used in the treatment 

of protozoan diseases in fish and also applied during transportation to prevent the spread of protozoan. 

Formaldehyde is also used as an antifungal agent in fish culture for therapeutic and prophylactic treatment 

of fungal infections and external parasites of fish egg (Rahman et al.,2012). 

Recently, formaldehyde is reported to be widely used as a food preservative to increase the shelf life of 

fruits and fishes in tropical countries. Formaldehyde is a cold sterilant that effectively kills all 

microorganisms, including spores and resistant viruses, when used in proper concentrations and adequate 

contact time (Jaman et al., 2015). Formaldehyde is produced commercially for use as a biocide, 

preservative, and basic chemical in the manufacture of common materials such as plastics, building 

materials, glues and fabrics, and many household and consumer products, including medicines, health and 

beauty aids (Encyclopedia of Cancer, 2019). It is also used as an antiseptic, disinfectant and as a fixative 

in histology (Jaman et al., 2015). 

Formalin Abuse in Fish Preservation 

Formalin is being added or sprayed to the fishes by the fish traders while transporting to domestic markets, 

inorder to prevent spoilage and to increase the shelf life. Formalin treatment significantly increased the 

shelf life of fish, but reduced protein solubility and eating quality of the fish itself (Yeasmin et al., 

2010a).Yeasmin et al., (2010b) conducted a study to evaluate the influence of formalin on quality changes 



 

 
Volume 04 - Issue 12 - December 2022       502 | P a g e  
 

in rohu fish during ice storage condition. The formalin treated fishes were found in acceptable condition for 

28 to 32 days in ice as compared to the control fish, which had shelf life of 20 to 23 days. Uddin et al., (2011) 

tested the fishes (rohu, mrigal, catla, olive barb) from different markets of Bangladesh for formalin 

contamination. The study indicated that 70% rohu fish was formalin contaminated and almost 50% of fish 

samples contained formalin. Nooridiana et al., (2011) determined the formaldehyde content and quality 

characteristics of fish from wet markets of Malaysia and reported that the formaldehyde concentration 

ranged from 0.38 to 15.75 µg/g. Hossain et al., (2008) studied formaldehyde content in the rohu fish in 

Bangladesh and the results indicated that formaldehyde levels were significantly higher in the imported 

rohu fish than that of the fresh rohu of local pond. 

In another study carried out in Bangladesh, it was found, 75% of imported fish and 25% of local fish in 

Tangai town were contaminated with formalin, whereas 82% imported fish and 18% local fish were formalin 

contaminated in Tongi town (Bari et al., 2013). Lipi et al., (2014) have studied formalin contamination in 

500 fish samples collected from Myanmar and India; and reported the presence of formalin in 21 out of 

total sampled fish. About 15% of freshwater fish (300 Nos.) and 10% of marine fish (200 Nos.) tested were 

identified as formalin treated fish. Islam et al., (2015) collected information from the fish retailers and 

consumers on the marketing of the formalin treated fishes through survey using prescribed questionnaire 

at 18 fish markets in six districts of Bangladesh. It was found that most of the commercially important 

fishes are highly contaminated with formalin. In Bangladesh, fishes were adulterated by hazardous 

chemicals at different steps from farm to consumers (Hoque et al., 2016). 

Sanyal et al., (2017) studied the quality characteristics of formalin treated Cirrhinus mrigala (5% formalin 

for 30 min) stored in ice. The formalin concentration detected was 12.19 ± 0.814 μg g-1 for freshly treated 

samples, and 8.10 ± 0.068 μg g-1 for treated samples stored on ice. In the control fish, the formalin 

concentration was almost negligible. Bhowmik et al., (2017) studied the formaldehyde concentration in nine 

commonly available marine and freshwater finfish and one shrimp species sold from three markets in 

Dhaka, Bangladesh by high performance liquid chromatography (HPLC) method. The study revealed 

different levels of formaldehyde in analyzed samples. The formaldehyde concentration was higher in Raiyer 

bazaar fish samples and lower in Kawran bazaar fish samples. The formaldehyde concentration in 

freshwater, and marine finfish and shrimp samples ranged from 5.1 ± 0.71 to 12.26 ± 1.67 mg kg-1, 10.8 ± 

1.72–39.68 ± 7.87 mg kg-1 and 13.57 ± 1.93 mg kg-1 respectively. Nayana et al. (2018) reported the 

formaldehyde concentration in fresh seer fish (Scomberomorus guttatus) samples collected from a local fish 

market in Kerala as 0.704 mg % to 5.83 mg %. In Bangladesh, Haque et al., (2009) conducted a study over 

a period of 10 weeks within Dhaka city and reported that 5% shops in Dhaka sold formalin contaminated 

fishes. Rahman et al., (2012) studied the presence of formaldehyde in 150 fish species comprising rohu, 

mrigal, shrimp, hilsa from five wet markets of Bangladesh and found that 26 fish were tainted with 

formalin and the highest incidence (26 %) was reported in Amber Khana market. 

Harmful Effects of Formaldehyde 

The major routes of exposure for formaldehyde in human are occupational exposure, tobacco smoke and 

through food contaminated with formaldehyde (Mohanty et al., 2018). Chronic exposure of formaldehyde 

has been reported to have long term health effects such as pharyngeal congestion, chronic phayrgitis, loss 

of olfactroy functioning, lacrimation and cornea disorder, heart burn, lethergy (Dai and Bao 1999). Li et al., 

(2002) have studied the effect of consumption of formalin preserved fish and reported that it may cause 

uncontrolled cell growth or cancer in stomach, lung and respiratory system. Hossain (2011) reported that 

exposure to formalin over a long period of time is likely to cause blindness, asthma and lung cancer. 

According to the International Agency for Research on Cancer, it was reported that there is sufficient 

evidence for the carcinogenicity of formaldehyde, based primarily on its association with nasopharyngeal 

cancer (IARC, 2012). However, the European Food Safety Authority (2014) have stated that intake of 

formaldehyde is not carcinogenic by the oral route. 
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Summary 

Fall armyworm (FAW), Spodoptera frugiperda (Lepidoptera: Noctuidae) also known as alien, invasive or 

polyphagous pest of maize. It is native to tropical and subtropical region of American continent. This pest 

is heavily attack on Maize crop of India nation and it is reported from Nepal to India. Its invasive population 

present in large area of Nepal. It can cause serious damage to leaf along with direct injury to the ear and 

cobs. Major damage is caused by younger stage of larvae. Its Larval population causes invasive damage by 

consuming of foliage. Management of the pest can be done through integrated approaches. Certified seed, 

Avoidance of late sowing, Push-pull strategy can be adopted for management practices. 

Introduction 

Maize (Zea mays L.) belongs to family Poaceae. It is one of the most adaptable crops having wider 

acceptability under varied agro-climatic conditions, in every part of world. Universally, it is also known as 

Queen of cereals due to its high yield potential among the cereals and third important cereal crops next to 

wheat (Triticum spp.) and rice (Oryza spp.) in the world. Approximately 70 countries, including 53 

developing countries, growing maize crop more than 1 lakh hectare. In the various countries, maize crop is 

cultivated for several purposes like human consumption, cattle and poultry feed, food processing and also 

used in the extraction of starch, dextrose, corn syrup, corn oil. On the basis of nutritional analysis Maize 

contains approximately 72% starch, 4% fat and 10% protein etc. and supplying 365 Kcal/100 g. energy. The 

Maize crop is attacked by several pests viz., insects, nematodes, mites, birds and rodents etc. Approximately 

141 insect pests cause severe damage to maize crop from nursery stage to maturity of crop. Among of these 

insect pests the Fall armyworm considered as emerging threat to maize. The Fall Armyworm (FAW), 

Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae), an invasive pest which is highly migratory 

and economically destructive. The first infestation of Fall armyworm was reported formally in Africa during 

January 2016 than after spread to various regions of African continent. The alien pest has been reported 

for the first time in India in Karnataka in July 2018 and subsequently spread in the entire country. 

Fall Armyworm (FAW) 

1. Scientific name – Spodoptera frugiperda.  

2. Taxonomic position: 

a. Kingdom: Animalia 

b. Phylum: Arthropoda 

c. Class: Insecta 

d. Order: Lepidoptera 

e. Family: Noctuidae 

f. Genus: Spodoptera 

g. Species: frugiperda 

3. Host plants: Primarily it is feed on maize crop beside this reported that to be the host of the plants like 

rice, sorghum, millet, sugarcane, vegetable crops and cotton but can feed on more than 80 additional species 

of crops. 



 

 
Volume 04 - Issue 12 - December 2022       505 | P a g e  
 

 
Fig. 1. Fall Armyworm 

4. Distribution: Fall armyworm has been reported for the first time in India in Karnataka in July 2018 

and subsequently in few other states, such as Andhra Pradesh, Tamil Nadu, Telangana, Maharashtra and 

Odisha. 

5. Marks of identification: Its eggs are grey or creamy white in colour with covered by a whitish wool-

like material. However, the young caterpillars spin silken threads that they use to move from one plant to 

another aided by wind. Final instar caterpillars have four raised dark spots that form a squared pattern 

on the second to last segment of the body when seen from dorsally. The pupa of Spodoptera frugiperda is 

reddish brown in colour with oval in shape and forms a cocoon of about 20 to 30 mm in length and it is 

mostly found in the soil in 2-8 cm deep. The adult moth is greyish brown in color, the male moth has 

conspicuous white spots on the tip and center of the forewings.  

6. Nature of damage: Fall armyworm (Spodoptera frugiperda) are responsible for voraciously feeding on 

leaf’s along with the ear. Late sowing maize crops are heavily affected by this alien pest. Larvae causes 

damage by consuming foliage. Younger (4th to 6th instar) larvae feed on leaf tissue making hole on them 

which is typical symptoms of this pest through whorl may lead to dead heart. Final instar larvae can cause 

greater damage and defoliation leaving only mid ribs and stalk of corn plant giving torn or ragged 

appearance. 
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Fig. 2. Damaging Symptoms 

7. Life cycle (Bionomics): The life cycle of Fall armyworm pest is completed in four stages: Egg, Larvae, 

Pupa and Adult. Life cycle duration varies with the season, during summer it is completed in 30 days and 

60 days during in autumn and spring season. But during winter this duration is prolonged to 60 days. The 

female of pest lays grey or creamy white eggs of white dome shaped in cluster of 50-200 mainly on the 

underside of leaves near the base junction of stem and leaves. The eggs measure 0.8 mm in diameter and 

0.3 mm in height with pale yellow and creamy color which later changes to light brown before hatching. 

Temperature of 20-30°C is considered as favorable for maturing of eggs within 2-3 days. Fall armyworm 

goes through six larval instars to complete the larval phase. During first instar larvae are greenish in color 

which during second instar change to orange color. larvae are about 1mm in first instar and length changes 

to 45 mm in six instars. During the fourth and six instar the head is reddish brown mottled with white 

with lateral lines. After 14 days, the caterpillar falls to ground, pupation occurs at soil depth of 2-8 cm. 

Loose oval silk cocoon of 20-30 mm length is secreted during pupation. Inside this cocoon reddish brown 

color pupa. The duration of pupal stage varies with agro-climatic condition, generally in summer season it 

is completed in 8-9 days. While, in winter season completed in 20-30 days. Its adults are nocturnal in nature 

and mostly remain active during humid and warm evening. primarily female moth is bigger in size as 

comparison to male moth. Adult moth wingspan is about 32-40 mm. Presence of triangular white spots in 

tip and center of wing along with mottled forewing is the distinctive feature of male moth. Adult complete 

their life cycle in 7-21 days. 

 
Fig. 3. Life Cycle 
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Integrated Pest Management 

1. Collect and destroy the damaged tender shoots, fallen ears and cobs with bore holes to prevent population 

buildup. 

2. Avoid continuous mono cropping of maize.  

3. Heavy infestations in plants may be uprooted and burning it is good. 

4. Push-pull is a habitat management strategy developed and implemented to manage pests such as stem 

borers, striga weed and address soil degradation, which are major constraints in maize production in Africa. 

The technology entails using a repellent intercrop (Desmodium as a “push”) and an attractive trap plant 

(Napier/Brachiaria grass as a “pull”). 

5. Use the Pheromone traps for monitoring and mass trapping of and replace the lures with fresh lures 

after every 15-20-day interval. 

6. Use light traps @ 1/ha to attract and kill the moths.  

7. Bird perches @ 10/ acre should be erected for facilitating field visits of predatory birds. 

8. Grow resistance varieties of the maize. 

9. Avoid using insecticides at the time of cob maturation and harvest because the synthetic pyrethroids 

cause resurgence in insects. 

10. Release parasitoid Telenomus remus Nixon (Hymenoptera: Platygastridae) or Cotesia marginiventris 

Cresson (Hymenoptera: Braconidae) or Trichogramma spp. (Hymenoptera: Trichogrammatidae) or 

Chelonus insularis Cresson (Hymenoptera: Braconidae) 4-5 times at weekly interval.  

11. Spray any one of the insecticides starting from one month after planting at 15 days interval, Neem oil 

1500 ppm @ 1-1.5 ml/lit. or NSKE 5% 50 gm./lit. or Beauveria bassiana, Metarhizium anisopliae @ 5-10 

ml/lit or Bacillus thuringiensis Var. Kurstaki 3-5 ml/lit. of water.  

12. If the borer incidence crosses ETL, spray Lambda cyhalothrin @ 2 ml/lit. or Emamectin benzoate 5% SG 

@ 1 gm./lit. or Spinosad 45% SC @ 0.20-0.30 ml/lit. water. 

Conclusions 

The Fall armyworm of maize, Spodoptera frugiperda (J. E. Smith) (Lepidoptera; Noctuidae) is 

capable to causing a up to 100% yield loss due to its unforeseen occurrence from the seedling to the cob 

formation stage. To manage this serious pest, maize growers are tending to apply a high dosage of 

pesticides. This indiscriminate usage of pesticides has resulted in an unacceptable amount of insect 

resurgence in maize, harming maize production and consumption. In this review, we prepared a list of 

practical pest management options, including host plant resistance, agronomical, cultural, biological, 

botanical, chemical and biotechnology approaches. 
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Introduction 

Pseudomonas fluorescens are important group of bacteria that play major role in the induced systemic 

resistance, biological control of plant pathogens and plant growth promotion etc. It is encompassing a group 

of common, nonpathogenic saprophytes that colonize soil, water and plant surface environments. It is an 

obligate aerobe, except for some strains that can utilize NO3 as an electron acceptor in place of O2. 

  
P. fluorescens colony growth under white 

light 

P. fluorescens under UV light 

What is Antagonism? 

In phytopathology, antagonism refers to the action of any organisms that suppress or interfere the normal 

growth and activity of the plant pathogen, such as the main parts of bacteria or fungi. Antagonist includes 

all classes of organism viz., fungi, virus, viroids, bacteria and protozoa. These organisms can be used for 

diseases and pest control and are referred as biological control agent (BCA). 

Pseudomonas fluorescens as Bio Control Agent 

1. Growth rapidly in-vitro and to be mass produced, 2. Rapidly utilize seed and root exudates and colonizes 

and multiplies in the rhizosphere and spermosphere environment and in the interior of the plant, 3. 

Produce a wide spectrum of bioactive metabolites, 4. Compete aggressively with other microorganisms, 5. 

Adapt to environmental stresses. 

Mode of Action 

1. Antibiotic Production. 

2. Siderophores Production. 

3. Induced Systemic Resistance. 

4. Competition. 

5. Hydrogen Cyanide Production. 

6. Plant Growth Promoter Antibiotic Production.  

Antibiotic production: P. fluorescens is very effective antibiotic producer. Many secondary metabolites 

of P. fluorescens acts as antibiotics against plant pathogens viz., Phenazines, 2,4 – Diacetylphloroglucinol, 

Pyocinine, Pyrrolnitrin, 2,4 Diacetylephloroglucinol (DAPG), Pyoluteorin, Oomycin- A and volatile organic 
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compound such as hydrogen cynide. The P. fluorescens produces antifungal compound which are 

fungistatic, inhibiting spore germination and lysis of fungal mycelia. 

  
Deformed mycelium (arrows) of F. solani 

upon interaction with P. fluorescens strain 

Lysis (arrows) of mycelium of F. solani upon 

interaction with P. fluorescens strain 

2. Siderophores Production: Siderophores are extra cellular, ferric chelating agents of low molecular 

weight, produced by bacteria that can significantly improve control of pathogens by antagonistic 

microorganisms especially if their mechanism of action is the competition. e.g., Desferrioxamine B, 

Ornibactin, Desferrioxamine E, Ferribactin, Ferrichrome, Ferroxamine B, Pseudobactin, Pyochelin, 

Pyoverdine (Soluble fluorescent pigment). 

3. Induced Systemic Resistance: Induced systemic resistance is the ability of a bio-agent (fungus, 

bacterium, virus etc.) to induce plant defense mechanisms that lead to systemic resistance to a broad range 

of pathogens. The bio control agents bring about induced systemic resistance (ISR) through fortifying the 

physical and mechanical strength of cell wall as well as changing physiological and biochemical reaction of 

host leading to the synthesis of defence chemicals against challenge inoculation of pathogens. 

4. Competition: Microorganisms compete for space, minerals and organic nutrients to proliferate and 

survive in their natural habitats. This has been reported in both rhizosphere as well as phyllosphere.  

Element for which microorganisms generally compete are carbon, nitrogen and iron, which are essential 

for germination and penetration of host tissue by pathogens. 

5. Hydrogen Cyanide Production: Hydrogen cyanide (HCN) is representative class of volatile inhibitors. 

The P. fluorescens produces HCN which can check growth of phyto-pathogen although the producer 

bacterium itself resistance. 

6. Plant Growth Promoter Antibiotic Production: Pseudomonas fluorescent play very important role 

in enhancing and make availability of different nutrients including P, K and micronutrients for plant and 

soil health enhancement. P. fluorescence, P. puttida and other Pseudomonas sp. could enhance P and K 

availability, by production of organic acids and phosphatase enzymes. Siderophore producing Pseudomonas 

can also increase Fe solubility and uptake by plant. It promotes plant growth by production of 

phytohormones such as Auxins and Gibberelins and also by Phosphate solubilization. 

Various Diseases Managed by P. fluorescens 

No.  Pathogen   Control diseases  

Soil borne fungal pathogens 

1.  Fusarium sp. Tomato wilt, Panama wilt of banana, Wilt of pigeon pea, cauliflower, 

watermelon, chickpea, chilli etc.  

2.  Macrophomina sp.  Charcoal rot of sorghum, tomato, dry rot of black gram and sesame, 

root rot of groundnut, coleus etc.  

3.  Rhizoctonia sp.  Rice sheath blight, Root and stem rot of tomato, black scurf of potato, 

root and stem rot of soybean.  

4.  Sclerotium sp.  Southern blight of tomato, stem rot of groundnut, stem rot of lentil, 

collar rot in chickpea etc.  

5.  Pythium sp.  Root rot of sorghum, rhizome rot of turmeric, damping off of pea, fruit 

rot of tomato, damping off of beet root etc. 

6.  Phytophthora sp.  Late blight of potato and tomato, root rot of strawberry, root rot of 

avocado etc.  
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Seed borne fungal pathogens 

7. Colletotrichum sp. (seed 

and air borne)  

Chilli fruit rot, mango anthracnose, tomato anthracnose, sugarcane 

red rot etc.  

8. Ustilago sp.  Smut diseases 

9. Alternaria sp. Leaf spots and other diseases 

Air borne fungal pathogen 

10. Cercospora sp. Leaf spot of groundnut, leaf blotch 

11. Pyricularia sp. (also seed 

born) 

Rice blast 

12. Helminthosporium sp.  Brown leaf spot 

Bacterial pathogens 

13. Xanthomonas sp. Citrus canker, rice bacterial leaf blight, bacterial blight of bean, 

cotton bacterial blight 

14. Burkholderia sp.  Burkholderia disease in gledioli 

15. Erwinia sp. Fire blight of apple, potato soft rot  

16. Meloidogyne sp. 

(Nematode) 

Root knot nematode 

Benefits of Pseudomonas fluorescens 

1. P. fluorescens protect crops from a number of soil borne / seed borne plant pathogens. 

2. It is specific to the plant pathogens and eco-friendly in nature. 

3. It induces resistance in crop plants also. 

4. It helps in controlling pathogenic nematodes present in the soil. 

5. It promotes plant growth by PGPR activity. 

Case Studies 

Efficacy of Pseudomonas fluorescens against fungal pathogen: Rezzonico et al. (2007) suggested that 

the ability of biocontrol pseudomonas to produce the antifungal compound 2, 4-diacetylphloroglucinol was 

associated with superior disease suppression activity in the Pythium–cucumber and Fusarium–tomato 

pathosystems. Das et al. (2008) were isolated, selected and evaluated Pseudomonas fluorescent spp. from 

different charcoal rot prone regions of India for their efficacy against charcoal rot in sorghum. Frequency 

of isolation of antifungal FP strains was quite high because the strains were selected based on initial 

screening for antagonistic activity on M. phaseolina. The selected bacterial strains differed in their 

antifungal activities depending on growth-media (PDA) and metabolites (antibiotics, volatiles). Such 

variations are common among strains of fluorescent Pseudomonas spp. Substituting potato extracts (PDA) 

with the extract of sorghum root (in SDA) increased the inhibitory effects of the bacterial strains on M. 

phaseolina. Presence of antifungal compounds in sorghum roots might be one of the reasons for this. 

Pseudomonas fluorescent spp. produced an array of extracellular metabolites in the culture medium with 

antifungal activities like antibiotics, enzymes and cyanide. Many such metabolites play significant role in 

biological control of plant diseases. Salman et al. (2017) confirmed that the bio-control activity of P. 

fluorescens has shown great potential to controlling fungal infection and have ability of preventing the 

growth of F. oxysporum f. sp. niveum under in vitro conditions and in pot experiments, respectively. In 

addition, a significant enhancement of the growth of control seedlings treated with the bacterium relative 

to untreated control indicates that in addition to controlling infection, P. fluorescens somehow stimulated 

seedling growth either by provision or solubilization of nutrients and/or further protection of plants against 

an invisible plant pathogen. 

Efficacy of Pseudomonas fluorescens against Bacterial pathogen: Patel et al. (2020) Investigated on 

antagonistic activity of selected Pseudomonas bacterial strain against citrus bacterial canker disease was 

carried out in the farmer's field. Results revealed that bacterial strain Pseudomonas fluorescens was 

inhibitory on Xanthomonas campestris pv. citri with various antagonistic activities. P. fluorescens @ 20 gm 

/ 10 lit. water was sprayed on acid lime for the management of citrus canker disease. The number of disease 

spots on leaf and fruits were recorded from 1.03 to 1.31 in the treatment P. fluorescens @ 20 gm /10 lit as 
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compared to 0.91 to 1.23 spots under the treatment streptomycin sulphate @ 1 gm + copper oxychloride @ 

40 gm/ 10 lit water. 

Efficacy of Pseudomonas fluorescens against Nematode: Sonkar et al. (2018) concluded that 

Pseudomonas fluorescens favoured all the plant growth parameters and adversely affected nematode 

reproduction at all its concentrations. Maximum increase in growth parameters and reduction in nematode 

population was recorded at highest level of P. fluorescens (6 g/kg soil) followed by 4 and 2 g/kg soil. Drastic 

reduction in the numbers of galls/plant and egg masses/gall were recorded in highest level. Hamida et al. 

(2011) revealed that determination of certain enzymatic activities of eggplant infected by M. incognita 

treated by P. fluorescens revealed a generalized increase in the activity of three enzymes (POX, PPO and 

chitinase) compared to control non-treated plants. The high activities of chitinase and POX in the resistant 

cotton cultivar lowered the final population of M. incognita indicating the role of these enzymes in the 

resistance mechanism of the host against nematode infection. 

Conclusions 

P. fluorescens is one of the effective and best proven biological control agent that are able to significantly 

control a number of fungal, bacterial and nematode diseases in cereals, horticultural crops, oil seeds and 

others. The efficacy of bacterial antagonism in controlling plant diseases was often better than with 

different fungicides. Biological control is potentially an effective method and may be used as an one of the 

important component of Integrated Disease Management (IDM) strategies controlling and managing 

various fungal and bacterial disease which is considered the most damaging and destructive diseases 

around the world. 
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Capparis decidua, commonly known as karira. It is a useful plant in its marginal habitat. Capparis 

decidua is a perennial woody plant of family Capparidaceae, is chiefly found in subtropical and tropical 

regions. It is commonly known with hundreds of vernacular names; few common are Kari, Delha, Caper, 

Kair, Karyal, Hanbag, Karil, Kabra, etc. It is a small much-branched tree or shrub. It bears a mass of 

slender, grey-green leafless branches, the small caducous leaves being found only on young shoots. It rarely 

exceeds a height of 5 metres (16 feet). The new flush of leaves appears in November–January. Red 

conspicuous flowers appear in March to April and August–September and ripe by May and October. The 

pink fleshy berries are readily eaten by birds. It coppices well and produces root suckers freely. It is 

extremely drought-resistant and tolerates some frost. 

 

Taxonomy and Distribution 

It can be found in arid regions in North Africa, the Middle East, and South Asia, including the Thar Desert. 

Khair city in Uttar Pradesh, India is famous for Kair trees. Capparis decidua is a member of 

family Capparaceae, is an important medicinal plant of dry and arid regions. It is native to deserts and 

arid regions of the Indian subcontinent, Africa, and Saudi Arabia. It is also growing abundantly in dry 

tropical Africa, Tibesti (West Chad), Sudan (except the extreme South), Arabian Peninsula, Egypt, Iran, 

India, Jordan, Pakistan, and Mascarene Islands. In sub-continent, it is cosmopolitan in dry places of Sindh, 

Baluchistan, Western Rajputana, Deccan, Central India, Punjab, Gujarat, and Tinnevelly. C. decidua is a 

bushy shrub with a height of 4–5 m. Occasionally, it occurs as small tree with dense tufts of apparently 

leafless, dark glossy green branches, minute (2–12 mm in length and 1–3 mm in width) caducuous leaves 

found only on young shoots and a pair of spines at each node of the twigs. 

The leaves are glabrous and narrow or modified into spikes reducing the loss of water due to transpiration 

in extremely drought conditions. The tap root system enables caper plant to uptake water from the ground 

at depth up to 4 m. Flowers are pink with red veins and fruit is mucronate pink berry when fresh and 

becomes black when dry. 

The green bark of the plant turns to yellow or whitish grey as the stem matures. Sprouting of new leaves 

takes place from January to November while flowers sprout in March–April. Flowers are mostly born on 

old branches. New branches bear fewer flowers, which grow along the spine axis. The fruiting season is 

from March to April in some parts of the world such as Egypt and Morocco whereas in Pakistan, caper 

plant bears fruit in the months of May to July. Flowering takes place at its peak two weeks before the 

Monsoon season. C. decidua is widely distributed in abandoned dry lands exposed to intense radiations 

with an altitude range, mean annual rainfall and temperature of 300–1200 m, 100–750 mm and 18–48 °C, 

respectively. It is extremely resistant to drought, salinity, and soil erosion, and tolerates some frost, 

resulting in a plant with excellent adaptations to arid conditions. 

https://en.wikipedia.org/wiki/Tree
https://en.wikipedia.org/wiki/Shrub
https://en.wikipedia.org/wiki/Caducous
https://en.wikipedia.org/wiki/Berry_(botany)
https://en.wikipedia.org/wiki/Coppice
https://en.wikipedia.org/wiki/Root
https://en.wikipedia.org/wiki/Basal_shoot
https://en.wikipedia.org/wiki/Arid
https://en.wikipedia.org/wiki/North_Africa
https://en.wikipedia.org/wiki/Middle_East
https://en.wikipedia.org/wiki/South_Asia
https://en.wikipedia.org/wiki/Thar_desert
https://en.wikipedia.org/wiki/Khair
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Importance 

The importance of this plant in traditional medicines is evident in all systems of medicines. Traditionally 

the plant is implied for the treatment of many diseases such as rheumatism, asthma, cough, lumbago, 

toothache, pyorrhoea, dysentery, liver infections, diarrhoea, febrifuge, cardiac troubles, constipation, ulcer, 

piles, renal disorders, and skin. C. decidua is esteemed for its antibacterial, 

antifungal, antihemolytic , antioxidant , antidiabetic, anthelmintic, anesthetic, antirheumetic, and anti-

gout activities. Apart from its pharmacological importance, C. decidua is also valued as a rich source of 

basic mineral nutrients contributing towards nutraceutical value of the plant. A considerable content of 

calcium and potassium is present in the plant which is valued both for livestock feed and human food. 

Flowers and fruits of C. decidua are a potential source of important electrolytic minerals. A considerable 

amount of essential minerals, particularly, Fe and Zn is also present in the plant which advocates its 

potential use to muddle through the mineral deficiency in human diet. 

Table 1. Fatty acid composition of seeds: 

S. No. Fatty acids Percentage content (%) 

1 Oleic acid 57.2 

2 Palmitic acid 21.1 

3 Linoleic acid 11.4 

4 Stearic acid 7.7 

5 Arachidic acid 2.0 

6 Myristic acid 0.6 

Uses 

The fruit and young buds can be eaten raw. Its spicy fruits are used for preparing vegetables, curry and 

fine pickles and can attract helpful insectivores; the plant also is used in folk medicine and herbalism. It 

can be used in landscape gardening, afforestation and reforestation in semi desert and desert areas; it 

provides assistance against soil erosion 

1. Folk medicinal uses: Among medicinal plants, C. decidua is teemed with bioactive possessing 

pharmaceutical and nutraceutical values. The plant has long been used in Unani and Ayurvedic systems 

of medicines. Indian ethno medicinal literature proved utilization of Capparis species in medicines since 

ancient times. Almost all parts of Capparis plants are extensively used to cure a number of diseases since 

pre-historic times without any negative health effect. Biliousness is cured using stem and leaves while 

fruits cured intermittent fever and rheumatism. Immature fruit of C. decidua, when pickled or cooked, is 

used in curing many disorders of the digestive tract especially constipation and piles, and killing intestinal 

worms. The decoction of fruit and bark is found to be carminative and aphrodisiac, and has been used to 

treat ulcer, cough, asthma, and stomach aches. The decoction of ground stems and leaves has been used for 

the treatment of pyorrhoea. C. decidua has also been found useful in treatment of facial paralysis and 

enlarged spleen. It has also been found effective against cardiac disorders, phthisis, and scurvy. Powder of 

tender leaves and top shoots is an antidote to poisons and is applied to heal blisters, swellings, boils, and 

eruptions. Stem relieves toothache when chewed. The root bark of the plant possessed anthelmintic and 

purgative properties, and its alcoholic extract exhibited significant antibacterial and antifungal activities. 

Paste of root is applied on scorpion bite and the powdered coal from stem of C. decidua repaired fractures 

of bones). Extensive literature regarding its folk uses is present which proves the pharmacological 

importance of this plant. 

Table: - 2 Common medicinal uses of different parts of Capparis decidua: 

Plant part used Folk medicinal use 

Tender leaves Plastering boils 

Leaves Act as appetizer, cardioprotective 

Bark Used against intermittent fever and rheumatism, analgesic diaphoretic, laxative, 

antihelmenthic, cures cough and asthama 

Immature fruit Cures constipation, kills intestinal worms 

Flower buds Renal disinfectant, diuretic, tonic, potherb formation 

Root Purgative activity, Cures bronchial disorders, antidote to scorpion bite 

https://www.sciencedirect.com/topics/chemistry/antihemolytic
https://www.sciencedirect.com/topics/chemistry/antioxidant-agent
https://www.sciencedirect.com/topics/chemistry/nutraceutical
https://en.wikipedia.org/wiki/Vegetable
https://en.wikipedia.org/wiki/Curry
https://en.wikipedia.org/wiki/Indian_pickle
https://en.wikipedia.org/wiki/Insectivore
https://en.wikipedia.org/wiki/Folk_medicine
https://en.wikipedia.org/wiki/Herbalism
https://en.wikipedia.org/wiki/Landscape_gardening
https://en.wikipedia.org/wiki/Afforestation
https://en.wikipedia.org/wiki/Reforestation
https://en.wikipedia.org/wiki/Soil_erosion
https://www.sciencedirect.com/topics/chemistry/nutraceutical
https://www.sciencedirect.com/topics/chemistry/antidote
https://www.sciencedirect.com/topics/chemistry/antifungal
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Fruit Astringent properties, treats dysentery, cholera and intermittent fever 

Stem Used in alveolaris and pyorrhoea, antifertility drug, toothache reliever 

Seeds Antibacterial activity, treat urinary purulent discharges 

2. Nutritional value: Malnutrition is a basic cause of different ailments in population residing in 

developing and under developed countries of the world. Women and children are mostly affected by 

malnutrition. In Pakistan, 38% children with the age group of six months to five years are reported as 

underweight due to malnutrition. C. decidua is one of the drought tolerant plants being consumed by 

livestock for its nutrition. Since ancient times, caper berry pickle has been used by the people of arid and 

semi-arid regions as a good source of protein, carbohydrates, and vitamins. The branches are used as fodder 

for goats and cattle due to its good nutritional quality. Crude protein, neutral fibers, and minerals of the 

plant played vital role in maintenance of biochemical metabolism and physiological functions of both the 

human beings and livestock. A few studies have been conducted to investigate the biochemical composition 

of C. decidua. Results indicated that the plant is a potential source of nutrients. The nutritional quality of 

caper fruit and bud is at par with or even better than many vegetables. 

Table: - 3. Nutrient composition of C. decidua: 

Components Nutritional contents Components Nutritional contents 

Total carbohydrates 73.48% Hemicellulose 11.45% 

Digestible carbohydrates 59.41% Cellulose 8.91% 

Neutral fiber 30.48% Lignin 7.62% 

Soluble carbohydrates 18.03% Fats 7.43% 

Starch 15.28% Ash 5.96% 

Protein 14.88% Proline 11.76 mg/100 g 

Crude fibre 12.32% β-carotene 5.4 mg/100 g 

Ascorbic acid 120 mg/100 g Calcium 90 mg/100 g 

Sodium 160 mg/100 g Phosphorous 179 mg/100 g 

Magnesium 49.16 mg/100 g Iron 3.5 mg/100 g 

Copper 1.1 mg/100 g Zinc 1.6 mg/100 g 

Carbohydrates are the major constituents of caper fruits as well as buds followed by crude proteins and 

neutral fibres. C. decidua fruits are rich in proximate contents particularly proteins, followed by the flowers 

while stem bark and roots are major source of fiber. Minerals profile of plants is a key factor to assess a 

plant’s edible acceptability. The mineral content of the plant (Na, K, Ca, Zn, Mn and Fe) is found to be high 

while heavy metals i.e., Ni, Co and Cd are present in trace concentration in all parts of C. decidua which 

could be an advantage for its use as fodder or vegetable. 

3. Production of biofuels: Bio-diesel is an eco-friendly fuel, with negligible sulphur content, almost no 

aromatics and about 10% built-in oxygen. Biodiesel is preferred over other conventional fuels owing to its 

energy security, employment generation, economic gain, social security and environmental impacts). 

Biodiesel is considered less toxic to the environment due to the reduced emission of CO2, CO, hydrocarbons, 

and particulate matter. Biodiesel, a promising future of the fuel industry, is obtained by in-situ trans-

esterification reaction. This technique involves the conversion of triglycerides to monoalkyl esters of long 

chain fatty acids ). The seeds of C. decidua yielded fatty acid methyl ester (FAME) by in-situ trans-

esterification. The optimum yield of biodiesel with 0.08 N KOH was found to be 63.75% at 800 °C, normal 

pressure and 300 rpm oscillations for 60 min. The technique is considered eco-friendly because of no use of 

the harmful organic solvents. 
  

https://www.sciencedirect.com/topics/chemistry/triglyceride
https://www.sciencedirect.com/topics/chemistry/long-chain-fatty-acid
https://www.sciencedirect.com/topics/chemistry/long-chain-fatty-acid
https://www.sciencedirect.com/topics/chemistry/fatty-acid-methyl-ester
https://www.sciencedirect.com/topics/chemistry/organic-solvent
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Abstract 

Agriculture forms the backbone of the Indian economy. It provides livelihood to around 50 per cent of the 

people. Water is a critical input to agriculture in nearly all its aspects, having a determining effect on the 

eventual yield. Good quality seeds and fertilizers fail to achieve their full potential. India accounts for about 

17% of the world’s population but only 4% of the world fresh water resources. Water is an essential 

component of agricultural production and the security of our food supply. Irrigated agriculture produces 

40% of all food produced globally, accounting for 20% of all cultivated land. India had suffered from the 

worst water crisis in its history around 600 million people are facing acute water shortage in the present 

time. Drying up of wells, shift towards less profitable crops, Food crisis (food system) and Climate change 

are some of the implications of water scarcity. Some government schemes were implemented to improve 

the management of groundwater resources and to boost up the water use efficiency which are as follows- 

CADWM, MNREGES, PMKSY, Jal Shakti Abhiyan, Atal Bhujal Yojna, Mera Pani Meri Virasat Yojna. 

Keywords: Agriculture, crisis, scheme, shortage, scarcity. 

Introduction 

Agriculture forms the backbone of the Indian economy. It provides livelihood to around 50 per cent of the 

people; supplies the bulk of farm goods to the non-agriculture sector; produces raw materials for a large 

scale of the industry. Water is a critical input to agriculture in nearly all its aspects, having a determining 

effect on the eventual yield. Good quality seeds and fertilizers fail to achieve their full potential if the plants 

are not optimally watered. Adequate availability of water is important for animal husbandry and fisheries 

also because of their direct dependent on water resources for their lives. India accounts for about 17% of 

the world’s population but only 4% of the world fresh water resources (Dhawan V. (2011). Over 50% of total 

area, average rainfall is less than 500 mm in Haryana. In 2018, Haryana had normal monsoon rainfall, as 

it has received 415.2 mm rainfall. According to Chandigarh meteorological center, rainfall in 2019 was 42% 

less as against the normal rainfall. From 2010 till 2019 monsoon failed six times in Haryana 

(Timesofindia.com). Agriculture currently accounts for 70% of all freshwater withdrawals globally (and an 

even higher share of "consumptive water use" due to crop evapotranspiration). Irrigation consumes more 

water than any other human activity, and thus the challenges of water sustainability and food security are 

closely linked (Brauman 2013). Water scarcity is the lack of fresh water resources to meet the standard 

water demand. 

Importance of Water 

Water is an essential component of agricultural production and the security of our food supply. Irrigated 

agriculture produces 40% of all food produced globally, accounting for 20% of all cultivated land. Irrigated 

agriculture, which is typically at least twice as productive per unit of land as rainfed agriculture, can be 

used to increase production intensity and crop diversification. Population growth, urbanisation, and 

climate change are expected to increase competition for water resources, with an emphasis on agriculture. 

The global population is expected to exceed 10 billion by 2050, and whether they live in cities or in the 

countryside, they will all require food and fibre to meet their basic needs. Due to these factors, as well as 

the rise in calorie and complex food consumption that comes with income growth in the developing world, 

it is predicted that agricultural production will need to increase by roughly 70% by 2050. However, future 

water demand from all sectors will necessitate re-allocating up to 40% of water from lower productivity and 
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employment activities to higher productivity and employment activities, especially in water-stressed 

regions. 

Background India 

The per capita availability of water as per 1951 census was 5177 cubic meters. As per the 2001 census, it 

was 1816 cubic meters. This goes down to 1545 cubic meters as per 2011 census (Kumar, R., 2019). People 

lacking access to clean water decreasing from 1.1 billion in 2000 to 785 million in 2017. By the year 2025, 

India will become one of the top 6 water scarce countries and the annual per capita availability of water 

will reduce to 950 cubic meters (Accessed Dec 10, 2021 from: https://www.thehindubusinessline.com). 

Background Haryana 

In Haryana, the average annual rainfall is less than 500 mm in 50% of total area. From 2001 till 2019 

monsoon failed eight times in Haryana (Bandgar, A. et al. (2017). During 2018, Haryana had normal 

monsoon rainfall, as it has received 415.2 mm rainfall. According to Chandigarh Meteorological Centre, 

rainfall in Haryana in 2019 was 256.3 mm which was 42% less as against the normal rainfall (444mm). 

More than half that is 76% area of Haryana was found to be in the grip of water crisis during 2019.  

https://timesofindia.indiatimes.com/city/chandigarh/. 

Present Status India 

India had suffered from the worst water crisis in its history around 600 million people are facing acute 

water shortage in the present time. The crisis will worsen as the demand for water is projected to be twice 

the available supply of water by 2030. States like Uttar Pradesh, Bihar, Rajasthan and Haryana were 

ranked lowest in managing water resources properly that leads them towards scarcity or water crises. 

These states form the home to nearly half of India's population that is around 1.3 billion people of the 

country and bulk of agricultural produce. Around 200,000 Indians die every year because they have no 

access to clean water. https://www.worldvision.org/clean-water-news-stories/global-water-crisis-facts. 

(Table.1): 

Year  Annual per capita availability of water (cubic meter) 

1951 5177 

1991 2309 

2001 1816 

2011 1545 

2021 1486 

2025 1465* 

Annual per capita availability of water in India (*estimated availability) 

Kumar R. (2019), India’s per capita water availability to decline further (2019) accessed on 10 Jan 2022 

from link: https://www.thehindubusinessline.com. 

Implications of Water Scarcity 

1. Drying up of wells: As number of tubewell are increasing in Haryana, this led to exploitation of 

groundwater. Changing land use pattern and deforestation cause more extraction of groundwater and 

lowering of water table. In 2001 15.16% of population of Haryana was depend on wells for drinking water 

and this % reduced to 3.06% on wells (Manju, S. and Sagar, N. (2017) 

2. Shift towards less profitable crops: When there occurs water scarcity in any area then farmers shift 

towards low water requiring crops. But when farmers continue to growing high water requiring crops then 

it is fulfilled by irrigation or at the expense of groundwater depletion (Kumar, R. (2019). 

3. Food crisis (food system): Increased population have increased food demand and this require extended 

irrigation and more area, but there is contraction of land due to increasing population and increasing 

unfertile land. So, there is need to increase water use efficiency and water productivity to fulfill increased 

demand. 

https://www.thehindubusinessline.com/
https://timesofindia.indiatimes.com/city/chandigarh/
https://www.worldvision.org/clean-water-news-stories/global-water-crisis-facts
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4. Climate change: Due to climate change glaciers are pose to risk and depletion of glaciers leads to 

reduction of water level in Ganga and Bharamputra. So, in this way it affected drinking water, irrigation 

and hydroelectricity. 

Challenges 

1. Drinking water: Increasing population, uneven distribution of rainfall and climate change caused 

alteration of hydrological. This leads to lowering of water table and pumping more expensive and this leads 

to water scarcity challenge related to domestic demand. 

2. Depleting ground water and depleting tributaries: Due to low water replenishable rate, over 

extraction of ground water, uneven distribution of rainfall and heavy demand of water lead to depletion of 

groundwater and reduction of water level in tributaries. Small tributaries in India have dried up 90% and 

flow reduced by 60-65% (Gaur, A. et al. (2008).  

3. Food crisis: As we discussed that due to increasing food demand, the need for more water to meet that 

demand is increasing. So, it is major challenge for our country to increase production with decreasing water 

and land resources. 

4. Wastage of water: The factors like river pollution due to direct flow or sewage of industrial wastes into 

the rivers, water leakage in cities because of carelessness of people towards natural resources and poor 

infrastructure development for water harvesting and proper management of water resources, lead to 

burgeoning water demand and water crowding in our country, which is leading to the country towards 

water crises (Mancosu, M. (2015). 

Govt. Initiative 

Scheme Period Key Points/Activities 

CADWM The programme was launched in 

1974-75 and was restructured and 

renamed as command area 

development and water management 

programme in 2004. 

 During year 2020-21 fund released 

by NABARD is 203.1 Cr for various 

projects. 

The programme is being implemented under 

(PMKSY)from 2015-16.  

On-Farm Development (OFD) works 

Construction of field, intermediate & link 

drains, Correction of system deficiencies 

Reclamation of waterlogged areas. 

One time Infrastructure Grant to the registered 

WUAs 

MNREGES 

(2006) 

On 2nd Oct, 2009 an amendment was 

made to change from NREGA 

to MGNREGA. 

MGNREGA has become the main force that is 

driving water conservation efforts all across 

rural India. 

Rural Drinking water and Sanitation related 

works. 

Watershed, Irrigation and Flood management 

works 

Agricultural and Livestock related works 

PMKSY It was launched on 1st July 2015 

During 2020-21 area covered under 

micro irrigation is 9.38 lakh Ha (3.57 

under drip and 5.81 under sprinkler) 

Area covered under protective 

irrigation is 3.65 lakh Ha 

During its implementation Rs 50,000 

Cr approved by govt. 

The vision of extending the coverage of 

irrigation ‘Har Khet ko pani’  

Improving water use efficiency ‘More crop per 

drop 

Investments in irrigation at the field level 

Adoption of precision-irrigation  

Jal Shakti 

Abhiyan 

Phase I: 1st July to 15th Sept, 2019 

(all States) 

Phase II: 1st Oct to 30th Nov, 2019 

(States with retreating monsoon)  

It is a time-bound, mission-mode water 

conservation campaign 

Water conservation and rainwater harvesting 

Renovation of traditional and other water 

bodies/tanks 

Reuse and recharge structures 
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Watershed development 

Intensive afforestation 

Atal Bhujal 

Yojna 

launched on 25, Dec 2019 

For duration of five years 1400 Cr is 

approved for institutional 

strengthening and capacity building 

and 1600 Cr for incentive components 

It is a groundwater management scheme 

To improve the management of groundwater 

resources in select water stressed areas in 

identified states 

Mera Pani 

Meri Virasat 

Yojna 

Launched on 6 May 2020 by Haryana 

govt.  

It aims at crop diversification with provisions of 

incentives, is essential to boost water use 

efficiency.  

Conclusion 

We have seen that how water scarcity is affecting our daily life. We can conclude that to cope with future 

challenges of water scarcity, we need to use water judiciously. We have seen that major water intensive 

crop rice is most affected by factors related to water, groundwater and rainfall. However insignificant 

results due to factors not included in study and diseases and pests. We can also conclude that rainfall is 

important phenomena for crop production and groundwater recharge. There is a positive correlation 

between rainfall and groundwater recharge. Appropriate technological and institutional policies are 

necessary to deal with water scarcity in future. 
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Introduction 

Sorghum (Sorghum bicolor (L.) Moench) is the world’s fifth leading cereal crop and is an important staple 

cereal in many countries. In India sorghum is mainly used as fodder and occasionally used as food. It is a 

staple food source, particularly in arid regions of the world taking advantage of its hardiness, because of 

its high tolerance for water shortages, making it is possible to grow on soils with relatively low fertility 

compared to other cereal crops. 

Sorghum is susceptible to many panicle diseases, among them, fungal origins prevalent in India are head 

smut, loose smut, kernel smut, long smut, grain mould, and ergot of sorghum. Sorghum ergot formerly 

confined to the African and Asian continents. However, over the past few years this aggressive disease has 

affected sorghum producers in India, and the Asian continents. In India, the disease was first found in 1915 

and officially recorded in 1948. Since then, ergot has been reported across the sorghum growing areas of 

the country. 

The disease reduces yield through poor seed set and causes harvesting difficulties due to sticky honeydew 

on seed heads. Grain quality can be reduced through lower nutritional value and due to the presence of 

fungal bodies called sclerotes (ergots). Sorghum grain contaminated with sclerotes can cause toxicity when 

fed to animals, particularly dairy cattle and beef cattle in feedlots. 

Symptoms 

Any sorghum field has the potential to be affected by this ergot, which infects primarily via airborne spores. 

Pollinating florets are the site of infection. Infection occurs during flowering when spores of the fungus land 

on the feathery stigmas of flowers in sorghum heads. If the flower has been fertilised by pollen it resists 

infection and normal seed will develop. If the flower has not been fertilised, the spore germinates and grows 

into the unfertilised seed (ovary) and the ovary is rapidly replaced by a fungal mass. About seven days after 

infection, sticky honeydew oozes out of the flowers and drips onto leaves and the ground. Once pollination 

has been achieved, the risk of infection is past. 

The first visual symptom of infection is the production of thick, sugary honeydew from infected florets. This 

honeydew contains infectious spores and produces a bloom of white, powdery spores on the surface of the 

honeydew. When the weather is wet or humid, the honeydew turns white due to the production of the 

infective spores just above the surface of the honeydew. At the time of grain maturation, the fungal mass 

develops into a hard fungal body - the sclerote. 

Other non-pathological fungi can later colonize the sugary honeydew, producing a brown or black spore 

mass. Older infection site Pale-brown honeydew is produced in drops on infected florets, and may become 

covered by the black growth of another fungus. The hard bodies of sclerotia later grow out to project from 

between the glumes. These sclerotia, which may be harvested with the seed, are significantly bigger than 

the seed and of different colours. 

Later, cylindrical to conical, grooved dark sclerotia, bearing remnant white sphacelial tissue, grow out from 

the infected florets (Tsukiboshi et al., 1999). Hybrid seed production fields will be at the highest level of 

risk due to the presence of male-sterile plants that require pollen from other plants to achieve fertilization. 

Fields that do not nick closely will be at very high risk if the disease is present. Some forage hybrids have 

a higher potential for infection than commercial grain sorghum due to a number of forage/hay hybrids that 

are male-sterile. These hybrids will be extremely likely to be infected in the presence of sorghum ergot 

spores. 
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Fig:1. A. Honeydew oozing out from flowers B. Drips onto leaves and the ground C. Spores 

Pathogen Classification 

Ergot of sorghum is caused by a fungi C. sorghi belonging to the family- Clavicipitaceae, Order-Hypocreales, 

Subclass-Hypocreomycetidae Class-Sordariomycetes and Subphylum- Pezizomycotina under the phylum 

Ascomycota. Its teleomorphic phase is known as sphacelia sorghi. Two other ergot species, C. africana and 

C. sorghicola also infect sorghum, and one of them overlaps in distribution with C. sorghi. C. africana is 

known to be present in most sorghum-growing regions worldwide. C. sorghi is found in India and possibly 

southeast Asia. 

Etiology 

Life cycle: Ideal conditions for ergot infection are high humidity <90 and cool temperatures 23-27℃. The 

fungus grows further to produce a hard survival structure (sclerotium) in the floret that may fall to the 

ground or become mixed with harvested seed. In the field, the following season, the sclerotium germinates 

to produce stromata, containing the perithecia, the sexual form of the fungus. Perithecia generate and eject 

ascospores that infect flowers. Germination of a large proportion of sclerotia to produce the perfect state 

(teleomorph), and observed sclerotia germinating under field conditions. Therefore, ascospores are 

presumed to be the primary inoculum for infection of florets. In India, cool weather at certain times before 

and after anthesis, increases the incidence of sorghum ergot infection due to its effect on pollen viability 

and fertilization. Conidia in the sticky honeydew are transported from plant to plant by wind, rain splash 

and insects (Tsukiboshi et al., 1999). Insects are known to carry ergot conidia non- specifically on their 

bodies after feeding on honeydew (Prom et al., 2003). 

Biology: Sclerotia cylindrical to conical, straight to curved, grooved longitudinally, purple black to black, 

0.5 to 1.5 cm, with covering and small cap of white sphacelium. Stromata are 1 to 4 in number, with stipes 

brown to bronze-coloured, 0.3 to 1.7 cm, capitula globose-subglobose, dark-brown, papillate. Ascomata in 

capitula ovoid to pyriform, ostioles erumpent. Ascospores hyaline, filiform, eight per ascus. In the absence 

of the teleomorph, one diagnostic test can be the identification of alkaloids in the sclerotia. C. africana 

uniquely produces the alkaloid dihydroergosine in sclerotial tissues, C. sorghicola and C. sorghi sclerotia 
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contain caffeine and those of C. sorghicola also contain paliclavine. Perithecia, asci and ascospores of C. 

sorghicola are significantly longer than those of the other two sorghum ergots. Most sclerotia of C. 

sorghicola and C. sorghi germinate readily to produce the teleomorph, but those of C. africana do not 

(Bandyopadhya et al., 1998). C. sorghicola and C. sorghi, honeydew appears early, before the sphacelia are 

visible. In C. africana, the sphacelium causes the glumes to bulge open before honeydew is produced 

(Frederikson et al., 1991). 

Survival: The fungus can survive year-round in honeydew on other sorghum hosts, such as Johnson grass, 

Columbus grass and Sudan grass. The ergot which affects sorghum does not infect Paspalum or winter 

cereals such as wheat and barley. Although ergot spores can survive in honeydew on sorghum seed, ergot 

does not survive from season to season in sorghum stubble or as sclerotes in the soil. 

Dispersal: Ideal conditions for ergot infection are high humidity and cool temperatures. Most sorghum 

pollinates during periods of high temperatures. This may somewhat blunt the effects of the fungus in these 

growing areas. Very late planted fields will be most at risk due to the extended period of time required for 

pollination to occur when temperatures fall below 16 ℃. Conidia in the sticky honeydew are transported 

from plant to plant by wind, rain splash and insects. 

Management 

Control measures that have been used successfully in sorghum seed production consist of a 5- 7-day interval 

of 3-4 applications of a triazole fungicide such as propiconazole, tebuconazole, hexaconazole. Conventional 

topical treatments such as captan and fludioxonil will control the spores present on ergot-encrusted seeds. 
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Introduction 

Tourism in India play important role to develop country's economy and according to world travel and 

tourism council India is the most preferred tourist destinations for tourists from all across the world for its 

nature and natural habitats. Aqua-tourism covers one major portion of Indian tourism industry and most 

of coastal states have vast scope in aqua-tourism due to availability of beaches, scenic beauty, rich 

terrestrial and marine biodiversity. Recreational fishing promotes aqua-tourism in different coastal state 

as well as northeast Indian states such as Jammu & Kashmir, Himachal Pradesh, Punjab and 

Uttarakhand.  

Tourism has grown and diversified in recent years, making it one of the fastest growing sectors of the world 

economy and also modern tourism is closely related to economic development. For the productive economic 

development of farmers Aqua Tourism industry will be an impressive role in future. Recreational fishing 

has recently been recognized as an integral part of aqua-tourism and it’s also providing viable income 

opportunities for the economic development of the local community. Recreational areas near water bodies 

are one of the most important opportunities to meet the growing demand for recreation (Melikh et al., 2019).  

Today, recreational fishing is also coming up well with Ecotourism which is defined as “responsible travel 

to natural areas that conserves the environment, sustains the well-being of the local people, and involves 

interpretation and education”. Ecotourism typically involves travel to destinations where pristine fauna 

and cultural heritage are the primary attractions which can provide viable income-generating options for 

economic development for local communities. Moreover, ecotourism provides opportunity of education and 

activism among travelers, making them more passionate towards nature and its resources. (Deepjyoti 

Baruah and Debajit Sarma, 2018). 

An Overview of Aqua-Tourism in Coastal States 

Coastal zones of India are highly dynamic and are notified by economic activities such as fisheries, seaweed 

Mariculture, pearl oyster culture, tourism and recreation and so forth (Natarajan, 2012). Coastal tourism 

is based on a unique resource combination at the interface of land and sea offering amenities such as water, 

beaches, scenic beauty, rich terrestrial and marine biodiversity, diversified cultural and historic heritage, 

healthy food and good infrastructure. Many of other environmental factors promote tourism in coastal areas 

like unpredictable climate conditions, combination of sun, sea and sand, wind condition and natural flora 

and fauna. Coastal recreation activities, which have been increasing both in volume and in number during 

the last decade are one of major source to promote tourism in coastal region and also it occupies a unique 

place in coastal tourism. Beaches in different coastal states are key source to attracting tourist and promote 

tourism in those areas. 

An Overview of Aqua-tourism in Northeast Indian States 

Recreational fishing is an intrinsic part of eco-tourism as it involves exploring scenic locations and 

experiencing the local culture and heritage. Eco-tourism helps the local communities by providing them an 

opportunity to create or generate income as well conserve the natural resources. 

The game fish species of northeast India: 

a. Mahseer: Mahseer, is a potamodromous freshwater fish having large body and is a flagship 

species for sport fishing and eco-tourism. Amongst the freshwater sport fish species Mahseer is 

known as an undisputed king. 
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b. Trout: For its superlative sporting quality this fish is mostly liked by anglers all over the world. 

c. Snow trout: The capture fishery in the high altitudinal regions of the northeast are majorly 

accounted by the Schizothoracids, commonly known as snow trout.  

d. Carps, catfishes, featherbacks and others: The small fish species (Puntius sp., Chanda sp., 

Mystus sp., Nandus nandus, Amblypharyngodon mola), carnivorous catfish (Bagarius bagarius, 

Wallago attu, Ailia coila, Sperata aor, Mystus seenghala, Ompok bimaculatus) found dominantly in 

the floodplain wetlands of Assam, locally known as beels are one of the prime sources of natural 

capture fishery. 

The river systems of the northeast offer some of the most remote, pristine, wild and untapped resources 

that can be used for recreational/sport fishery and eco-tourism in the country (Baruah and Sarma, 2016). 

With the popularity of eco-tourism in recent times, attention has been given for the advancement of eco-

tourism in the northeast region by arranging rafts, fish rods, tents and other basic amenities. The angling 

and recreational fishing season over these rivers in northeastern region starts from October to April when 

the maximum temperature remains 20oC during daytime. Angling expeditions are regularly arranged for 

visitors from the nearby states like Nagaland, Meghalaya, Sikkim, Assam and also neighboring countries 

like Nepal and Bhutan. The expeditions and competitions are conducted on the principle of catch and 

release. It is also made sure that the fish are not injured during the catch. 

The dense tropical forests and numerous tributaries of the mighty Brahmaputra in the hill districts of 

Assam namely Karbi Anglong, West Karbi Anglong and Dima Hasao is of immense potential with respect 

to angling. With temperature ranges of 23o to 32o Celsius in summer and 6o to 12o Celsius in winter. 

The rivers Teesta and Rangeet of Sikkim provide ample scope for sport fishing and is a delight for anglers. 

The pre and post monsoon seasons are good for angling and the major mahseer species encountered in these 

rivers are the golden mahseer and chocolate mahsee. 

Angling is an age-old practice in the state of Mizoram. The traditional hook and line are used by the local 

people for catching locally available carps, catfishes, murrels etc. Some of the identified water bodies for 

recreational fisheries are the lakes Palak, Tamdil, Rungdil and Rengdil and reservoir Serlui. 

Angling Sites in Assam: 
1. The scenic waterfalls on the banks of the river Kopili 

2. Banks of the river Amreng.The Amtereng dam site of Karbi Langpi Hydro project over river Karbi 

Langpi. Here the reservoir is a source of attraction for visitors.  

3. The river island Siloni over the river Longnit that is a suitable place for an angler's day out.  

Arunachal Pradesh can be called the angler’s paradise along the Indo-China border having Menchukha 

region in West Siang district and natural lakes and rivers in Tawang district. River Siyom (locally known 

as Yargyap chu) flowing through Menchukha township is home for the Indian and exotic trout. Similarly, 

rivers Tawang chu, Nuranang chu along with their numerous tributaries in Tawang district and 

Choskorong Kho river in Shergaon region of West Kameng district are home to the rainbow and brown 

trout. 

Conclusion 

The main positive economic impacts of coastal-tourism are contribution to government revenues, foreign 

exchange revenues, job creation and business opportunities. Tourism can be an important or even an 

integral part of the local economy. Promoting and protecting the natural environment is the purpose of 

ecotourism. An innovative venture, ecotourism has significantly changed conservation efforts. A successful 

future for ecotourism is hoped for as more study and development are done on this novel strategy for 

lucrative and sustainable conservation. 
  



 

 
Volume 04 - Issue 12 - December 2022       524 | P a g e  
 

BAEL “Wonderful Fruit for Healthy Life” 
Article ID: 38185 

Shalini Pilania1, Yaspal Chaudhary1, Pooja Serawat1, Pooja Khadda1 
1Department Horticulture, Rajasthan College of Agriculture. 

 

 

Abstract 

Bael (Aegle marmelos Correa) is a native fruit that occupies an important place in terms of medicinal and 

nutritional properties. This fruit is rich in anti-oxidants and phytochemical in addition to other essential 

nutrients such as vitamins, minerals and dietary fiber etc. It may be noted that in comparison to other 

fruits bael has highest riboflavin content. The nutrients and medicinal properties available in this fruit 

make it one of the most important fruits. They are useful in the treatment of dyspepsia, diarrhoea, 

vomiting, intermittent fever, inflammatory bowel disease, pectic ulcer, cholesterol control, cancer 

prevention, diabetes and stomach problems etc. It is reported that decoction of the bark is useful for malaria 

and the leaves are useful for the treatment of diabetes, heart and asthmatic complaints. Unripe fruits are 

acrid and astringent in nature and are useful in the management of dysentery and diarrhoea. This fruit 

comes underutilized fruits and requires special attention. It has a pleasant aroma that does not destroy 

even during processing, therefore, there is great potential for processing this fruit in various value-added 

products such as beverages, jam, toffee, slab, powder, wine, paniji etc. that can be used commercially. 

Introduction 

Bael fruit is a traditional Indian fruit that belong to the Rutaceae family. The tree in which it grows is 

considered sacred. Roy et al. (1979) stated that in Hindu tradition bael leaves are used as sacred offerings 

to “Lord Shiva”. 

Bael is a hardy tree and can grow on all kinds of soil. It grows well even in swampy, alkaline soils with a 

pH of 5 to 10. However, in order to grows well and obtain a good produce, well drained and humus soil with 

a pH of 5.5 to 7.5 is best. Bael is a subtropical tree and commonly known as Wood apple, Bengal quince, 

Indian quince, golden apple, sacred fruit, Belwa, Sriphal, Stone apple etc. It is grown in the neighboring 

countries like Nepal, Sri Lanka, Bangladesh, Myanmar, Thailand and most of the countries East Asia. 

About Fruit: Fruit globose in shape, its shells are grey or yellowish. There is a soft mucilaginous pulp of 

yellow or orange color with many seeds. Its seeds are covered with fibrous hairs and are embedded in a 

thick, sticky, fragrant shell. Ripens in April to June. 

Value Added Products of Bael 
Bael powder: Dehydration of bael pulp is a challenging operation due to the sticky problem of bael pulp 

therefore, maltodextrin as a drying aid and anticaking agents such as tricalcium phosphate are generally 

added to the pulp prior drying. Dried pulp is further grind with grinder. 

Bael pulp: Ripe good quality fruits were washed with tap water and broken by stirring them against them 

against hard objects. The pulp of the fruit along with its seeds and fibres was collected with the help of a 

stainless-steel spoon. Water equal to the weight of the pulp was added. Then the pulp was heated up to 

80oC for a few minutes and cooled. The seed and fiber free pulp was then obtained by passing it through a 

pulper or a 20-mesh stainless steel sieve. The TSS and acidity of the extracted bael pulp were maintained 

by adding sugar and citric acid. The pulp can be further used in the preparation of different value-added 

products such as soft drinks, jams toffee, slab and powder etc. 

Bael preserve: Raw bael fruits, dip in sugar syrup and added cardamom powder for extra touch, lemon 

juice. Store bael preserve in air tight container. 

Bael squash: It generally contains at least 25% fruit pulp or juice, 40-50% sugar and 1% acidity. It is a 

concentrated drink and has to dilute with 3 parts of water of water to make a cool and refreshing drink. An 

ideal composition of bael fruit squash was found to be 50% fruit 50oBrix TSS and 1% acidity. The squash 

can be chemically preserved by addition of 300 ppm SO2 (Roy and Singh 1979) to enhance its shelf life. 

Bhat and Kaul, (2006) have also mentioned the same standards for preparing squash from bael. After 
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preparation squash must be filled in sterilized bottles, crowned and pasteurized at 80oC for 30 minutes 

followed by cooling and sealing to ensure air tightness. 

Bael Jam: Jam is a concentrated fruit product rich in natural flavor. The pectin in the fruit gives it a good 

fruit setting and the high concentration of sugars facilitates its conservation. A mixed fruit jam using bael 

and mango was prepared by Mishra and Chopra (2006). The ratio of Mango pulp and bael fruit pulp was 

kept 1:1. The final optimized jam has 45% mixed pulp, 70% TSS and 0.5% acidity based on its organoleptic 

characteristics. 

A recipe for making bael fruit jam was developed by Rakesh et al. (2005). It was prepared by boiling fruit 

pulp with enough sugar to a reasonably thick consistency to hold fruit tissues in place. The required 

ingredient for making jam includes 750 gm of sugar, 3-4 gm of citric acid and 1 kg bael pulp. Then it was 

cooked.   

Bael Wine: Wine is one of the functional fermented foods and has many health benefits. Bael fruit with 

sufficient sugar content can be used for wine making (Singh et al., 2006). To make wine from bael fruit, the 

TSS of the pulp was adjusted to 24oC brix by adding sucrose. Potassium metabisulfite was added to 

maintain SO2 @ 100 ppm along with cyclodextrins at 0.4%. The starter culture was prepared by adding 

0.05% yeast extract and 0.1% ammonium phosphate at pH 5 to the boiled and cooled bael pulp. The 

prepared starter culture was added to the pulp@ 10% to initiate fermentation which was carried out at 

25oC temperature. The maximum alcohol content in wine was reported up to 10.08% after fermentation for 

88 hours at pH 5. 

Bael Panjiri: This product is highly nutritious, restorative and is prescribed for stomach ailments. For the 

preparation of Bael Panjiri, Rakesh et al. (2005), used different ingredients like bael powder 1 kg, sugar 

powder 1.5 kg, deshi ghee/butter 1kg, wheat flour was roasted and all other ingredients were added and 

mixed. It is reported that Panjiri made from bael is good for relieving back and joint pain as well as boosts 

the energy level of the body.  

Storage: Shelf life or storage life of Bael fruit is a good to other tropical fruits. The stage or time or time 

of harvesting greatly influences the storage life of the bael fruit. Fruit harvested at unripe stage can be 

stored for a week only. Roy and Singh 1979 reported that storage life of bael fruit can be extended by 

keeping the fruit cool temperature. They found that storage life was increased from 2 weeks at ambient 

temperature (27 to 33oC) to 12 weeks in a cool temperature of 9oC and 85-90%relative humidity. They also 

observed dehydration in fruits when storage temperature was below 9oC, it indicates sensitivity of fruit to 

cold. 

Conclusion 

Bael fruit is a healthy fruit having tremendous nutritional and medicinal properties. This fruit is gifted 

with a natural flavor which is acceptable to almost all classes of people and does not destroy even during 

processing. Bael is still only used by an unorganized sector as a refreshing drink in the summer and not 

much emphasis is placed on its commercial use in terms of value-added products. It has an important role 

to play in meeting the demand for nutritious and delicious natural foods with high therapeutic value. The 

literature supports the potential of bael fruit to be processed into different value-added products which are 

highly demanding and therapeutically useful. Targeted research is needed in the field to investigate the 

unexplored potential of this fruit on commercial scale. The healthy and functional foods of the bael are 

areas that still require the attention of the scientific fraternity. 
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Eggplant is one of the most important vegetables which is grown in many parts of the world. But this crop 

is highly sensitive and a potential host for several insect pests. Among them, attack of shoot and fruit borer 

causes a severe damage to the crop which ranges from 85-90% and it is very active in rainy and summer 

season. The most damaging stage of this pest is larval stage which can be bore inside the shoots at 

vegetative stage of crop growth causes drooping and withering of shoots and in later stages, it bore into 

flower bud and fruits. This pest is a serious threat due to its high reproduction, fast turnover of generations 

and tremendous damage. A single larva is enough to damage 4-6 healthy fruits. Hence, many farmers 

leaving growing eggplant because of this pest. Therefore, pertinent article was gleaned and overviews 

prepared for the management of the L. orbonalis. 

Life Cycle 

This pest experiences four development stages viz., egg, Larva, pupa and adult. Among them larval stage 

is most destructive. 

Egg 

A single female could lay 5 to 242 eggs in her whole life. Mostly the eggs were laid in singly and sometimes 

in the batches of 2 to 4 eggs and it takes place during the night time on the lower surface of the young 

leaves, green stems, flower buds, or calyces of the fruits. The eggs mainly in oval or somewhat elongated in 

shape and had a creamy white in colour which can be changed to orange with prominent black spot before 

hatching. The incubation period of eggs was varying between 3-5 days in summer and 7-8 days in winter 

and hatched into dark white larvae. 

Larvae 

The larval period which can be lasts for 12 - 15 days during summer and 14 - 22 days during winter season 

and it passed through five instars before entering the pupal stage. The average duration of 1st, 2nd, 3rd, 4th 

and 5th larval instars viz., 1-2, 2-3, 2-3, 2-4 and 2-4 days, respectively. Newly hatched larva was tiny, creamy 

or dirty white in colour with a prominent dark brown or light black head, three pairs of thoracic legs and 

five pairs of prolegs. Second instar larvae resembled the first instar larvae except larger in size and slightly 

darker colour. The third instar larvae were much longer and darker than the preceding instars, in which 

prothoracic shield had distinct markings, thoracic legs were dark brown in colour. Fourth instar was 

slightly pinkish in colour. Fifth instar was cylindrical in shape and pinkish brown in colour having three 

distict segments of thorax and five pairs of well-developed prolegs.  Feeding of larvae in fruit and shoot is 

mainly responsible for the heavy damage to eggplant crop. 

Pupa 

The full-grown larvae come out of the infested shoots and fruits and for pupate in the dried shoots and 

leaves or in plant debris fallen on the ground within tough silken cocoons. These cocoons present at soil 

depths of 1 to 3 cm and the pupal period varying from 7 to 10 days. The emergence of adult started on 6th 

day after pupation and continued upto the 8th day. On an average 14 per cent, 30 per cent and 10 per cent 

adults emerged on 6th, 7th and 8th day after pupation and maximum emergence was observed on 7th day. 

Adult 

The moth was mainly a white in colour with blackish brown head and thorax. The whitish wings had 

pinkish brown markings which are bigger on the forewings. The males were smaller in size, lesser in wing- 

expanse and narrow/slender abdomen which tapered posteriorly while the females were bigger in size, more 
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in wing expanse and broader abdomen with rounded posterior end. Young adults are generally found on 

the lower leaf surfaces following emergence or hiding under the leaves within the plant canopy. During 

day, they prefer to hide in nearby shady plots but at night all major activities, like feeding, mating and 

finding a place for egg-laying take place. The male moths lived for 1 to 3 days while female moths lived for 

2 to 5.8 days. The adult male dies after mating and the female moth dies after laying eggs. The overall life 

cycle is completing in between 19.0 - 43.0 days and it gives rise five generations a year and is active 

throughout the year. 

Nature of Damage 

This pest was infesting the crop both in vegetative and fruiting stage of the plant. In young plants, the 

caterpillar bore into petioles and mid ribs of large leaves. When terminal shoots are attacked, the growing 

points are killed. As a result, the affected leaves showing the drying and drooping symptoms. After fruit 

formation larva make their entry under the calyx when they are young and close the entry point with 

excreta and feed within it. Larval feeding inside the fruit results in destruction of fruit tissue. Severe 

damage is mainly caused to the developing fruits by the caterpillar as they tunnel inside the fruits. Larval 

feeding in flower was rare, if happen, failure to form fruit from damaged flowers. 

 

 
Figure 1: Fruit and shoot borer infesting brinjal plant 

Management of Brinjal Shoot and Fruit Borer 

1. Destruction of stubble or plant debris from the field.  

2. Placement of pheromone traps against wind direction enhanced BSFB trap catches. 
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3. Neem tablet was effective for controlling shoot and fruit borer of eggplant at 1:4 (w/v) concentration with 

three times spray. 

4. IPM strategies include clipping and disposal of infested shoots, removal of fruits with boreholes, 

installation of pheromone traps @ 12/ha, release of Trichogramma chilonis @ 8 cc/ha for 4 times at weekly 

interval, spraying of Bacillus thurinjiensis @ 1 kg/ha and Flubendiamide 20 WDG 7.5 g /10 lit for effective 

control.  

5. Spraying of spinosad 45 SC @ 200 ml/ha, buprofezin + emamectin benzoate @ 1ml/lit and 0.5 g/lit, 

flubendiamide (Belt 48SC) @ 50ml/acre, emamectin benzoate (Timer 1.9EC) @ 200ml/acre and 

chlorpyriphos 50% EC + cypermethrin 5% EC @ 0.01% giving a best result. 
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The increase of observed mean global land surface temperature (1.53 °C) is considerably higher than global 

mean surface (land and ocean together) temperature (0.87 °C) since the pre-industrial period (1850-1900) 

(Arneth et al., 2019). This magnitude and rate of warming cannot be explained by natural variations alone 

and the contribution of anthropogenic activities also should be considered. Emissions of greenhouse gases 

(GHGs), aerosols and changes in land use and land cover (LULC) during the industrial period have 

substantially altered the atmospheric composition, and consequently the planetary energy balance, and 

are thus primarily responsible for the present-day climate change. Weather is a major determinant of the 

crop production. So, any change in weather elements, either short term (climate variability) or long term 

(climate change) will have a negative or positive impact on crop production. While discussing about climate 

change, the major elements discussed are increase in maximum/minimum temperature, increase in CO2 

concentration (known as CO2 fertilization effect) and altered precipitation patterns. This article describes 

in detail about these aspects. 

Rise in Temperature 

Higher temperatures cause faster crop growth and, as a result, shorter crop duration, which is usually 

associated with lower yields (Stone, 2001). In cereals, the effect of high temperature is critical during 

flowering and grain filling stage, when the number of grains per land area and average grain weight is 

determined. Vara Prasad et al. (2000) found that between 32 and 36 °C and up to 42 °C, the percentage 

fruit set dropped from 50% of flowers to zero in groundnut, and the rate of decline was linear, demonstrating 

the sharpness of crop plants' reaction to temperatures between 30 and 35 °C during the flowering and 

fruiting periods. Along with this, the rate of photosynthesis, respiration, and grain filling is affected by 

temperature. C4 crops (such as maize and sugarcane) have a higher optimum temperature for 

photosynthesis than C3 crops (such as rice and wheat). 

CO2 Fertilization 

In addition to light, a favourable temperature, water, and chemical elements such as N, P and K, CO2 is an 

important 'nutrient' for plants, and it is currently in short supply. Theoretical as well as experimental 

evidences suggest that rising CO2 concentrations in the atmosphere have some counteracting effects to the 

otherwise negative effects of rising temperature and decreased soil moisture. Since higher CO2 reduces 

photorespiratory costs in the C3 photosynthesis pathway, it has a fertilization impact in C3 species 

including wheat, rice, and most fruit and vegetable crops. Because of reduced transpiration, increased 

atmospheric CO2 makes water consumption more efficient. This is caused by a decrease in the number of 

stomata per unit leaf area and/or a contraction of plant stomata. This prevents water vapour from escaping 

the leaf more than it prevents photosynthesis. Hence, it increases the water use efficiency in both C3 and 

C4 crops (Ainsworth and Long, 2005). 

Change in Precipitation Pattern 

Many studies have suggested that though a significant change in overall annual precipitation is not 

expected, there will be changes in the spatial and temporal distribution. The result of such changes will be 

increase in frequency of extreme weather events like drought, flood, heat waves etc., which will hamper 

the crop production. Crop water stress will increase as the frequency of agricultural drought rises. In some 

areas, expanding irrigation is a possible solution, but many areas lack irrigation infrastructure, and water 

access is often restricted during periods of severe drought. Crop plants, on the other hand, will close their 
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stomates and slow carbon uptake in response to reduced soil moisture to escape water stress, raising canopy 

temperature and potentially increasing heat-related impacts. 

Conclusion 

This article has described various aspects of climate change and how they affect crops and cropping 

systems. How a combination of rise in temperature, CO2 fertilization and altered precipitation pattern 

affect the crops/cropping system is a complex question to address. They themselves interact with each other 

and influence one another. This makes quantification of climate change impacts a tedious task, which in 

turn makes identification of adaptation and mitigation strategies difficult task. 
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Abstract 

Globally with an increase in the prevalence of life threatening and incurable diseases, their other 

microorganisms in pure form or their extracts play a vital role in pharmaceutical management becomes 

very vital and these can be quite a challenge for medical science research. Products which are plant based, 

natural or obtained from other microorganisms in pure form or their extracts play a vital role in 

pharmaceutical industry. As per Indian mythology, Amla ‘tree is considered to be the very first tree that 

has originated in the universe. It is considered to be a treasure of various nutraceuticals possessing immune 

boosting properties which have the potential to fight against multiple diseases. Amla is considered to be an 

important source of ascorbic acid, amino acids, minerals and many bioactive phytochemicals such as 

tannins, alkaloids, flavonoids, saponins, terpenoids and phenolic compounds. Various studies have 

documented the importance of Amla in the management of a wide spectrum of medical conditions. 

Introduction 

Emblica officinalis Gaertn. belongs to the Euphorbiaceae family and is a deciduous tree. It is commonly 

called Amla‘, Aonla,' Phyllanthus Emblica’ or Indian gooseberry ‘and is also applied extensively in 

Ayurveda which is the oldest Indian indigenous system of medicine. It is considered to be a treasure of 

various nutraceuticals possessing immune boosting properties which have the potential to fight against 

multiple diseases. Amla is mainly found in India and in the other regions like Pakistan, Uzbekistan, Sri 

Lanka, South East Asia, China and Malaysia. Amla is a reservoir of ascorbic acid, calcium, lysine, 

methionine, nicotinic acid, phosphorus, riboflavin, tryptophan etc. (Bhagat et al., 2014). The different parts 

of Amla have a positive impact on various organs of the body. It possesses antioxidant, antimicrobial, 

immunomodulatory, antipyretic, analgesic, cardioprotective, antitussive, hepatoprotective, cholesterol 

lowering and gastroprotective properties. It plays an important role in various conditions like diabetes, 

cancer, liver disorders, heart problems, anaemia, memory enhancement, ophthalmic disorders etc. 

Different herbal formulations are prepared from amla, example, Triphala contains the fruits of amla along 

with Myrobalan and Baheda in for equal proportions (Venugopal and Parele, 2007). 

About Amla 

Habitat: India, Pakistan, Uzbekistan, Sri Lanka, Southeast Asia, China and Malaysia 

Used Parts: Fruits (dried and fresh), seeds, leaves, rootbark and flower 

Fruits: Ripen from November to February. Nearly spherical or globular, wider than long and with a small 

and slight conic depression on both apexes. Fruit is 18-25 mm wide and 15-20 mm long. Surface is smooth 

with 6 obscurve vertical pointed furrows. Mesocarp is yellow and endocarp is yellowish brown in ripened 

condition. Mesocarp is acidious in fresh fruit and acidulous astringent in dried fruit. 

Leaves: Leaves are 8-10 mm long and 2-3 m wide, hairless on the exterior and pale green or pubescent 

beneath. Gallic acid, ellagic acid, chebulic acid, chebulinic acid, a gallantonic termed amilic acid, and 

alkaloids phyllantitidine and phyllantine can be all be found in it. 

Seeds:  Smooth, dark brown, four six. Phosphatides, a little amount of essential oil, and a fixed oil. The 

fixed oil (yield 16%) exhibits the following physical and chemical properties: acid value (12.7%), 

saponification value (185) iodine value (139.5), acetyl value (2.03), unsaponifiable matter (3.18%), sterol 

(2.70%) and saturated fatty acid (7%). Contains linolenic acid (8.78%), linoleic acid (44%), oleic acid 

(28.40%), steric acid (2.15%), palmitic acid (2.99%) and myristic acid (0.95%). 

Barks: Thick to 12 mm, lustrous greyish brown or greyish green. Lekudelphinidin, tannin and 

proanthocyanidium are present. 
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Roots: Ellagic acid and lupeol. 

Value Added Products of Amla 

Amla Jam: It is prepared by boiling the fruit pulp and juice with sufficient quantity of sugar to a 

reasonably thick consistency to hold the fruit tissues in position. A amla jam should have 45 % fruit and 

68% of TSS. 

Amla Sause: For 5 kg sause 50% anola pulp and 50% tomato pulp with 75 gm sugar, 10 gm salt, 60 gm 

onion, 6 gm garlic, 12 gm ginger, 5 gm red chillies and 12 gm hot spices was prepared. Acetic acid and 

sodium benzoate as preservative were added @ 1 ml or 0.3 g/kg of final product, respectively. Finally, the 

sause was filled in glass bottles and crown corked followed by processing in boiling water for 30 mintues 

and air colled. 

Amla Chutney: To prepare chutney Amla pulp-65.59%, salt 8%, green chillies 3.31, garlic paste 2.11% and 

coriander leaves paste 18.89. Chutney should have 50o Brix. It can be store for 2 months under ambient 

condition while for six months under cold storage.  

Amla Preserve: prepared from matured, whole or in large pieces of fruits, in which sugar are impregnated 

till it becomes tender and transparent. Minimum fruit portion in preserve should be 55 %. Pricking 

(piercing) is done in anola to remove the astringency and to allow the syrup to go inside the fruits.  

Amla candy: The gooseberry for overnight is kept in refrigeration and after that taken out. Remove the 

seeds by breaking natural flakes by pressing with fingers. Add sugar and salt, let it sit for a week till all 

sugar is absorbed by anola flakes and syrup is dried off 

Osmo dried Anola Slices:  Amla fruits is cut into slices and then sugar is added in ratio of 1:1.5 and then 

kept mixture for sun drying it 20 days to prepare after that desired spices mixture is added to candy. 

Usually, prepared candy is kept in cold chain to maintain quality. The candy have 70o Bix TSS. 

Osmo Vac Dehydrated Anola Segment: Candy is prepared as procedure use above in osmo dried anola 

slices and then dried in vacuum drying.  

Amla Juice: Juice was extracted by crushing and pressing amla fruits, treated with 350 ppm KMS and 

pasteurization at 90oC for 1 min. 

Amla powder: Cut the amla in small pieces and dried through freeze drying, sun drying and tunnel drying 

followed by grinding in a mixer grinder and sieve through Sevier. 

Amla pills: dried amla mixed with ground cumin, gingerand senda salt. 

Amla Pickle: Wash amla, wipe them dry with cloth or tissue. Make few incisions on each amla, otherwise 

they may burst while sauteing in oil. You can also chop them to piecies. Heat oil in a deep pan. Fry the 

amla on a medium heat just until they turn lightly golden. Add garlic to this, spice powders chillies, 

dhaniya, turmeric, salt. Mix it well. Mix it well and store this in a glass jar.  

Amla Supari: Traditionally amla is cut in small pieces and treated with salt and dried in tray drier at 60-

70oC. 

Conclusion 

Amla has been used since a long time in all its forms. It can be consumed regularly in the form of pickles, 

amla sauce, amla curry. Amla leaves infused along with fenugreek seeds can be helpful in prevention of 

conditions like dysentery whereas the tonic prepared from amla seeds, gokhru and giloy extract, when 

taken in the morning along with ghee and sugar, is also very beneficial for health. 

With immense therapeutic potential of Amla, it can be said that it can be said it can be recommended in 

the management of various conditions like cancer, diabetes, liver disorders and cardiovascular diseases. It 

helps to prevent inflammation related to various medicinal disorders due to the presence of essential 

phytonutrients such as flavonoids, alkaloids, phenolic compounds and antioxidants. 

The medicinal importance of Amla has also been reported in Ayurveda and ancient literature. Despite the 

literature available, further human trails need to be conducted in order to understand its effect at a 

molecular level. Amlas also possess a lot of bioactive compounds which still are still unexplored and so 

more research needs to be done in order to extract the benefits of the entire fruit fully. 
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Introduction 

Hydroponics is a method of growing plants in nutrient solutions with or without the use of an inert medium 

such as gravel, vermiculite, rock wool, peat moss, saw dust, coir dust, coconut fibre, etc. to provide 

mechanical support. The term Hydroponics was derived from the Greek word’s hydro’ means water and 

ponos’ means labour and literally means water work. The word hydroponics was coined by Professor 

William Gericke in the early 1930s; describe the growing of plants with their roots suspended in water 

containing mineral nutrients. The majority of hydroponic systems work automatically to regulate the 

amount of water, nutrients, and photoperiod in accordance with the needs of various plants. 

Why Hydroponics Use? 

The environment is being negatively impacted by conventional farming techniques as well as the rising 

urbanization and industrialization that are reducing the amount of cultivable land. To sustainably feed the 

world’s growing population, methods for growing sufficient food have to evolve. Modification in the growth 

medium is an alternative for sustainable production and to conserve fast depleting land and available water 

resources. In the present scenario, soilless cultivation might be commenced successfully and considered as 

an alternative option for growing healthy food plants, crops, or vegetables. Agriculture without soil includes 

hydro agriculture (Hydroponics), aqua agriculture (Aqua ponics) and aerobic agriculture (Aeroponics) as 

well as substrate culture. Among these hydroponic techniques are gaining popularity because of its efficient 

management of resources and food production. Various commercial and specialty crops can be grown using 

hydroponics including leafy vegetables, tomato, cucumber, peppers, strawberry and many more. 

Types of Hydroponic Techniques 

There are different hydroponic techniques used throughout the world. Four of the main types 

1. Nutrient film technique. 

2. Dynamic root floating technique. 

3. Water culture technique.  

4. Ebb and flow method.  

This word was first used in 1929 by Dr. Gericke, a California professor who began to develop what 

previously had been a laboratory technique into a commercial means of growing plants. 

Nutrient Film Technique (NFT) 

It is one of the most widely used systems. Polyethylene plastic is used to line channels made of wood or 

plastic. A pump is used to circulate water throughout the channel. Plants are suspended above the solution, 

their roots dangling into it. The channels are slightly sloped and the water is collected and reused by 

pumping it back to the holding tank. This method allows for the effective cultivation of plants with deep-

rooted root systems. Occasionally, overgrown roots can block the channel and water must be filtered for 

debris before returning to the holding tank 

Dynamic Root Floating Technique (DRFT) 

It is a hybrid of different hydroponic systems. In Taiwan, The Taichung District Agricultural Improvement 

Station developed the DRFT in 1986. The nutrient solution is pumped into one end, allowed to circulate 
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through all the channels, and then collected back into the tank reservoir. Instead of a nutrient solution 

system that circulates continuously like in the NFT, the water pump is continuously turned on and off to 

change the depth of the water. Alternately, the pump could run continuously and a drainage system might 

be set up to adjust the depth. This extra space allows roots called aero roots to grow above the nutrient 

solution and therefore receive more oxygen. Also, various techniques are used to control the temperature 

of the nutrient solution. The main advantage of the DRFT is that it can maintain the temperature of the 

nutrient solution. The DRFT works well for hydroponic farming in tropical and subtropical conditions like 

those found in Thailand because oxygen is less soluble in warm water. 

Water Culture Technique 

The technique differs from the NFT and DRFT systems in that plants are held on top of the nutrient 

solution and the roots hang freely into the nutrient solution. Root aeration can be a major problem when 

water is left to stand, so an air bubbler can be used to oxygenate the water. As an alternative, baffles can 

be found at the end of each bed to oxygenate the water as it returns to the reservoir while pumps can be 

utilised to circulate the water. To prevent the growth of nutrient-consuming algae, roots should be kept in 

complete darkness. The plant stems are supported on trays that float on top of the solution. This method 

is effective for plants such as lettuce, but not for larger plants or those that take a long time to grow such 

as tomatoes or cucumbers. 

Ebb and Flow Method 

In this technique water is pumped into the tank and then allowed to gradually drain. This is distinct from 

the water culture method because the roots are exposed and acquire more oxygen as the water drains. 

Additionally, by cycling the water, the water will be less stagnant and contain more oxygen. Pumps need 

to be carefully monitored because, especially in hot regions, if the pumps fail, the plant roots could soon dry 

out. Ebb and flow systems work best with small plants such as basil or parsley. 

Advantages of Hydroponics 

1. Crops can be cultivated in areas with unsuitable soil for crop growth or infected soil. 

2. Labour for different intercultural operations like tilling, cultivating, fumigating, watering and other 

practices are largely eliminated.  

3. Maximum yield can be obtained thus making the system economically feasible in high-density and 

expensive land areas.   

4. This process uses nutrients and water effectively. Therefore, it can lead to a reduction in pollution of 

land and streams because there is minimum chance of loss of the valuable chemicals.  

5. By using this technique, soil-borne plant diseases can be completely eliminated. 

6. The system (i.e., timely nutrition feeding, irrigation, and root environment) and various greenhouse-type 

activities allow for more thorough environmental control. It is also very simple to change the air's light, 

temperature, humidity, and composition.  

7. Hydroponically grown crops are easier to harvest than tradional cultivation practices.  

8. Crops that are raised hydroponically are more palatable and better for consumption.  

9. Plant grown in hydroponic system can be protected from UV radiations just like they are within a 

protected structure.   

10. This technique helps plants create a vigorous root system that protects them from pollutants, different 

diseases, and pest attacks. 

11. Production of ‘off-season’ vegetable is possible when market prices are highest. 

Disadvantages of Hydroponics 

1. The cost of hydroponics unit construction per unit area is very high.  

2. Before beginning the hydroponically cultivated of any vegetable crop, the proper training or knowledge 

must be acquired. Understanding the basics of nutrition and how plants develop is crucial.  

3. A closed system's beds on the same nutrient tank are at risk of rapidly contracting newly acquired soil-

borne diseases and nematodes.  

4. Most available plant varieties adapted to the controlled growing conditions must require thorough 

research and development.   
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5. The grower must observe the plants every day because the reaction of the plant to good or poor nutrition 

is unbelievably fast.  

6. The growers must have knowledge of climate control inside the structure. 

Soil-Less Growing Media Used in Hydroponics 

1. Coco peat 

2. Rice hull 

3. Perlite 

4. Sand 

5. Vermiculite 

6. Rock wool. 

Future Scope of this Technology 

Hydroponics is the fastest growing sector of agriculture, and it could very well dominate food production in 

the future. As population increases and arable land declines due to poor land management, people will turn 

to new technologies like hydroponics and aeroponics to create additional channels of crop production.  

The future of the space programme will also depend on hydroponics. In order to advance both long-term 

colonization of Mars or the Moon and present space exploration, NASA has major hydroponics research 

programmes in place. The benefits of hydroponics in space are two-fold; It offers the potential for a larger 

variety of food, and it provides a biological aspect, called a bio-regenerative life support system. This simply 

means that as the plants grow, they will absorb carbon-di-oxide and stale air and provide renewed oxygen 

through the plant's natural growing process. This is important for long-range habitation of both the space 

stations and other planets. 

Conclusion 

For cultivating various crops, hydroponics has gained popularity in recent years.  Hydroponics can make a 

significant contribution in locations with limited soil and water as well as for the impoverished and landless 

people because it is feasible to grow short-term crops like vegetables year-round in relatively limited spaces 

with low labour. The hydroponics market in India is anticipated to expand rapidly in the near future. To 

encourage commercial hydroponic farm, it is important to develop low-cost hydroponic technologies that 

reduce dependence on human labour and lower overall start up and operational costs. 
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Functional foods are foods that contain bioactive compounds naturally. Significantly, these foods can 

provide health benefits beyond the traditional nutritional value of the food. Here, the traditional nutrients 

refer to the regular vitamins and minerals found in that particular food. Generally, traditional nutrients 

are essential to the diet, and their deficiency causes classical nutrient deficiency diseases. That means; the 

functional foods contain a unique form of nutrient, which in turn promote the health. 

 

Concept 

It has been known for a long time that a clear relationship exists between the food we eat and our health. 

The current concept of functional foods has resulted from the gradual recognition that healthy diets result 

from eating nutritious foods and from the identification of the mechanisms by which foods modulate 

metabolism and health. When we eat food, our first and most basic aim is to obtain nutrients for our body 

and to satisfy our metabolic needs. However, some groups of foods, in addition to their nutritional 

properties, present other additional properties for health. These types of foods are called functional foods 

and may be defined as any food that has a positive impact on an individual's health, physical performance, 

or state of mind, in addition to its nutritious value. Other additional considerations have been proposed to 

define a functional food, including three additional conditions in particular: 

1. It is a food (not a capsule, tablet, or powder) derived from natural ingredients; 

2. It can and should be consumed as part of the daily diet; 

3. It has a particular function when eaten, serving to regulate a particular body process, such as: 

a. Enhancement of biological defense mechanisms 

b. Prevention of specific diseases 

c. Recovery from specific diseases 

d. Control of physical and mental disorders 

e. Slowing of the aging process. 

Need for Functional Foods 

The growth of interest in the relationship between diet, food ingredients, and health has led to the 

development of functional foods. Healthy food can make a significant contribution to health and well-being, 

but busy consumers may not have time to access their optimum diet.  Functional foods can provide 

ingredients that improve health in a convenient way (Functional Food Products and Sustainable Health, 

2020). Increased affluence and urbanization are also linked to a lifestyle in which our daily routine requires 

less physical activity and greater access to energy-intensive food.  We now face a real challenge to balance 

energy consumption and expenditure\ with more overweight.  In 2008, 59% of adult men and 48% of   adult 
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women in 27 EU countries were either overweight or obese. Nutrition science has focused much of its 

history on the role of essential nutrients in the prevention of deficiencies. Nevertheless, unchanged levels 

of key nutrients or functional components must now be ensured in connection with decreasing energy 

expenditure. In addition, the prevalence of chronic non -communicable diseases such as CVD, high blood 

pressure, and type 2 diabetes has increased, rising healthcare costs and reducing the quality of life. Modern 

lifestyles and longer lives are also linked to various problems of mental health, such as depression, poor 

concentration, and memory loss. 

Types of Functional Foods 

As said functional foods as the foods which contains medicinal uses and these naturally functional foods 

are modified to get some additional benefits by different types of methods: 

1. Fortified Foods: The food which is fortified with additional nutrients like vitamin A, D, calcium, iron 

etc. 

2. Enriched Foods: In these foods, nutrients are added as usual but these added nutrients are not 

naturally found in that food. It means, we add the nutrient which is lacking in that food product. 

3. Enhanced Foods: In these types of foods, required component is enhanced naturally by maintaining 

certain conditions like new feed conditions, genetic manipulations for special growth of particular food item. 

4. Altered Foods: In these foods, we alter the harmful or useless component that are naturally present 

are replaced or reduced with beneficial component. 

5. Non-Altered Food: Foods naturally containing increased content of nutrients. 

Category of Functional Foods 

 

Conclusion 

Functional foods offer great potential to improve health and/or help prevent certain diseases when taken 

as part of a balanced diet and healthy lifestyle. The subject of health claims is becoming increasingly 

important and there is broad consensus that there needs to be a regulatory framework in the EU that will 

protect consumers, promote fair trade and encourage product innovation in the food industry. The research 

opportunities in nutrition to explore the relationship between a food or a food component and an improved 

state of health and well-being, or reduction of disease, present the greatest challenge to scientists now and 

in the future. The communication of health benefits to consumers is also of critical importance so that they 

have the knowledge to make informed choices about the foods they eat and enjoy. 
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Introduction 

The term synthetic chromosome refers to any non-integrating vector that is transmissible and has the 

ability to harbour large amounts of DNA (Duncan and Gyula, 2007). Synthetic Chromosomes are 

chromosome based non-integrating vector system that is transmissible and suitable for transfer of large 

genes, gene complexes or multiple genes together with regulatory element for safe, controlled and 

persistent gene expression. In bacteria they are circular, but in yeast, animals, and plants they are linear 

with centromeres and telomeres. They segregate independently from the normal chromosomal complement 

of the host cell. Artificial chromosomes were first constructed in yeast and Escherichia coli systems (Burke, 

1987). In mammalian systems, chromosomes have been engineered by various methods, including the top-

down method (building chromosomes by truncation and modifications of endogenous chromosomes), and 

the bottom-up method (building chromosomes by assembling their component parts). In plants, mini-

chromosomes have been engineered by the top-down method. Synthetic Chromosomes (mini-chromosome) 

are developed through non-integrating vector system that is transmissible and suitable for transfer of large 

genes, gene complexes and/or multiple genes together with regulatory element for safe, controlled and 

persistent gene expression. 

Basic Requirements for Synthetic Plant Chromosome 

1. Centromere 

2. Selectable Marker transgene 

3. Telomere 

4. Site specific recombination system 

5. Sufficient Chromatin. 

Methods to Develop Synthetic Chromosome 

1. Top-down method: This approach of telomere mediated chromosome truncation was first shown by 

Farr et al., (1991) i.e., introduction of cloned telomeric repeats into cultivated cells may truncate the distal 

portions of chromosomes by the formation of new telomeres at integration sites in mammalian cell lines. 

Based on chromosome fragmentation. It Involves truncation of endogenous chromosomes to create small 

chromosomes. It is based on the discovery that transformation of telomere-containing sequences into the 

genome will seed new telomeres at the site of integration. This method utilizes the insertion of telomere 

sequences into existing chromosomes. This sequence signals for new telomeres which causes the truncation 

of the chromosome. 
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2. Bottom up method: This method is well established inYeast (Murray and Szostak, 1983) and 

Mammalian cells (Harrington et al., 1997). Denovo assembly with artificial composition of cloned 

chromosomal components, such as centromeric and telomeric sequences, a selective marker gene and 

genomic DNA that contains a replication origin. 

Advantages 

1. Unlimited number of genes can be integrated and expressed. 

2. Genes could be simple stacking of multiple genes for plant disease resistance, the prevention of insect 

infestation, weed control, or the tolerance to harmful environmental conditions such as heat, cold, drought 

and salinity. 

3. Facilitates in understanding fundamental questions about chromosomal structure and function.  

4. Allows for the stacking of genes side-by-side on the same chromosome thus reducing likelihood of 

segregation of novel traits.  

5. Functional genomic studies could use minichromosomes as a platform for adding specific genes. 

6. Next generation vectors for human gene therapy & plant genetic engineering. 

7. Stable expression & maintenance of multiple transgenes in one genome. 

8. Mass production of foreign proteins, pharmaceuticals, or useful metabolites. 

Limitations 

1. Small chromosomes do not always pair homologously in meiotic prophase 

2. Low meiotic transmission rate 

3. Pollen abortion 

4. Regeneration of plants is difficult. 

Summary and Conclusion 

1. Telotrisomic rice line was used for mini-chromosome construction.  

2. Minichromosomes were recovered from transgenic clones by monitoring hygromycin-resistant calli with 

FISH.  

3. All these mini-chromosomes were maintained stably in cell cultures for over 2 years.  

4. The construction of mini-chromosomes in rice will provide a platform for future artificial chromosome-

based genetic engineering of this plant for multiple gene expressions. 

5. Manipulation strategy like gene stacking enable construction of large gene aggregates encoding multiple 

favourable traits into single crop species. 

6. The future for engineered plant chromosomes as a fascinating new tool for basic research on 

chromosomes and biotechnology is promising. 

7. The initial demonstration of their construction and behavior provides the foundation for this technology 

in plants, onto which further developments can be built. 

8. Increase of truncation efficiency, the introduction of multiple site-specific recombination systems, and a 

demonstration of full meiotic transmissibility of site-specific recombination products are required before 

engineered plant chromosomes will enter commercial application. 

9. Inclusion of site-specific recombination casettes enables in vivo modification of mini-chromosomes. 
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10. Engineered mini-chromosomes can be used in all areas of future genetic engineering. Mini-

chromosomes can be used in site-specific recombination or retrofitting the mini-chromosomes with 

additional foreign genes. 

11. Facilitate an understanding of fundamental questions about chromosomal structure and function, such 

as for centromeres, neocentromeres, B chromosome non disjunction as well as chromosomal behavior in 

genera. 
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Cabbage is cool season-season crop and can tolerate very cold conditions, even frost to some extent, 

particular at younger stages of growth mild and moist climate with average temperature of 15-20c are quite 

suitable for their growth. Cabbage is an introduced vegetable crop in India, but it has adapted itself well 

and is grown all over the country. It is a rich source of vitamin A, B and C. It also contains minerals like 

phosphorus, potassium, calcium, sodium and iron. Use of cabbage prevents constipation, increases 

digestion and appetite. It is said to be good for person suffering from diabetes. Cabbage is commonly used 

as cooked vegetable. It also makes into a good salad mixed in tomato, green chilies, beet root, etc.  

The cabbage consists of thick leaves overlapping tightly on growing main bud called 'head’. Cabbage is very 

convenient to grow both on large and small-scale (kitchen garden) cultivation. Cabbage is grown throughout 

the Kashmir it is available all the year round. 

Front Line Demonstration on Cabbage Var. Golden Acre 

To address the problem of less adoption of cabbage cultivation in the district owing to the low yielding 

varieties Front Line Demonstration was laid out in Five different locations of the district during 2018-19 

and 2019-20 in which the popular variety (Golden Acre) were demonstrated for its high yielding potential, 

the results revealed that the variety yielded higher then local varieties significantly gave the highest yield 

(245 q/ha), which was 30.31% higher in over Local variety. This variety marked the highest net return of 

Rs. 330750.00per hectare compared to local variety where returns were Rs. 203040.00. 

Performance Cabbage Variety Golden Acre in District Pulwama 

Technological 

options 

Average green 

pod yield (q/ha) 

Increase over 

farmers 

practice 

Gross 

Return 

Net Return B: C ratio 

Golden Acre 245q/ha 30.31% 441000.00 330750.00 1:4.00 

Local (Farmers 

Practice) 

196.8q/ha  282000.00 203040.00 1:3.57 

Results 

After obtaining the successful significant results of 5 multi-location demonstration of cabbage at different 

village in district Pulwama var. Golden Acre was upscale through demonstrations and trainings in the 

entire district for its wider adoption. A total of 9 FLDs were conducted during the two consecutive years in 

five different villages of the district.  The results revealed that this variety recorded highest yield of (245 

q/ha) which was higher than the farmers practice (188q/ha). Economic analysis also revealed higher net 

returns over farmers practice (1:4) instead of (1:3.57), further latest improved varieties are under testing 

for further improvement in yield and quality of the cabbage crop. 
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Kashmiri red chillis or Kashmiri lal mirch are characterized by their ability to give a dark red colour 

to food, capable of colouring and adding flavour, while at the same time not allowing the food to become too 

pungent or spicy. India is the largest consumer and producer. Numerous companies sell the powdered form, 

including MDH, Everest Spices, Sakthi Masala and Badshah Masala. 

Majority of the restaurant industry in India use Kashmiri chillis or its powdered form Due to high demand 

of Kashmiri chilis, substitutes such as Byadagi/Shimla chillies are used. There are government initiatives 

and incentives in Jammu and Kashmir to support and increase the production of the local variety of the 

Kashmiri chili. 

There are different qualities of Kashmiri red chillis. According to a study in 1999, the capsaicine value was 

found to be 0.126%. Kashmiri chilli is a vibrant red chilli (pepper) from the region of Kashmir. With a 

vibrant red hue, it is grown more for its colour and flavour, than for its heat. More commonly used dried 

and as a powder, the Kashmiri mirch, as it’s known in Hindi (mirch-chilli), is an essential ingredient in the 

South Asian kitchen (Indian subcontinent). Kashmiri Chillies come in a few grades the higher the grade, 

the more vibrant it is. 

The higher authorities of our institution were always emphasis to take steps for boosting cultivation of 

Kashmiri Lal Mirch on a large scale so that the socio-economic status of the farming community is 

increased. The Govt of Jammu and Kashmir are also providing incentive of Rs. 0.25 Lac per ha to the 

growers, in order to thrive this local variety for gaining maximum attraction towards its cultivation. 

Front Line Demonstration on Kashmiri Chilli 
Due to less land holding of the farmers of jammu and Kashmir 0.58 ha it is very difficult to cultivate the 

crop in large scale due to the less land availability and wilt problem in crop, but the intervention of the 

scientists of Krishi Vigyan Kendras of Kashmir farmers were motivated to grow the chilli as inter crop in 

newly established plum and apple fields along with management of wilt problem, wherever separate land 

was not available for the crop. 

The Front-Line Demonstration was laid out in both type of land separate and as intercrop at six locations 

of district Pulwama during 2019-20 and 2020-21 to show the worth of technology among the farmer and 

popularization of indigenous variety of Kashmiri Long 1 which is more demand in the sub-continent now a 

days. 

Performance Chilli Variety Kashmir Long 1 in District Pulwama 

Technological 

options 

Average dry 

yield (q/ha) 

Increase over 

farmers 

practice 

Gross 

Return 

Net Return B: C ratio 

Kashmir Long 1 45q/ha 44% 540000.00 405000.00 1:4.00 

Local (Farmers 

Practice) 

26/ha  338000.00 

 

253500.00 1:3.00 

Results 

After obtaining the successful significant results of six multi-location demonstration of chilli crop at 

different village in district Pulwama var. Kashmir Long 1 was upscale through demonstrations and 

trainings in the entire district for its wider adoption. 

https://en.wikipedia.org/wiki/MDH_(spice_company)
https://en.wikipedia.org/wiki/Everest_Spices
https://en.wikipedia.org/wiki/Byadagi_chilli
https://en.wikipedia.org/wiki/Capsaicin
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A total of 6 FLDs were conducted during the two consecutive years in Six different villages of the district.  

The results revealed that this variety recorded highest yield of (45 q/ha Dried chilli) which was higher than 

the farmers practice (26q/ha). Economic analysis also revealed higher net returns over farmers practice 

(1:4) instead of (1:3), further the farmers were continuously providing the training for its post-harvest 

management on scientific lines by the team of concerned expert for its value addition. 
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Introduction 

Tomatoes are a member of the deadly nightshade family, and as such were considered toxic, causing many 

conditions like appendicitis, "brain fever" and cancer. Starting with the basics, tomatoes contain large 

amounts of vitamin C, providing 40 percent of the daily value (DV). They also contain 15 percent DV of 

vitamin A, 8 percent DV of potassium, and 7 percent of the recommended dietary allowance (RDA) of iron 

for women and 10 percent RDA for men. The Red pigment contained in tomatoes is called lycopene. This 

compound appears to act as an antioxidant, neutralizing free radicals that can damage cells in the body. 

Only recently, studies have revealed that lycopene may have twice the punch of another well-known 

antioxidant beta-carotene. Tomatoes are widely available, people of all ages and cultures like them, they 

are cost-effective, and are available in many forms. "Leveraging emerging science about tomatoes and 

tomato products may be one simple and effective strategy to help individuals increase vegetable intake, 

leading to improved overall eating patterns and ultimately, better health. Tomatoes are the most important 

non-starchy vegetable in the American diet. Research underscores the relationship between consuming 

tomatoes and reduced risk of cancer, heart disease, and other conditions. The evidence also suggests that 

consumption of tomatoes should be recommended because of the nutritional benefits and because it may 

be a simple and effective strategy for increasing overall vegetable intake. 

Major Benefits 

1. Lower Cholesterol: A Tomato- cholesterol free and a good source for diet; it won’t add cholesterol to 

the diet. A cup of tomato provides 9% of fiber that helps you to lower the high cholesterol levels. Tomatoes 

also contains niacin (vitamin B3), which has been used as a safe way to lower cholesterol levels.  

2. Reduce Heart Disease: Tomatoes are good source of potassium that have been shown to lower high 

blood pressure and reduce risk of heart disease. Vitamin B6 and folate, present in tomatoes, are needed to 

the body to convert a dangerous chemical called homocysteine into other, benign molecules. High levels of 

homocysteine can directly damage blood vessel walls and are associated with an increased risk of heart 

attack and stroke. 

3. Lower Blood Pressure: The tomatoes provide significant drop in blood pressure. After 8 weeks, ongoing 

tracking of daily tomato ingestion (in the form of lycopene complex – a tomato extract) showed a drop in 

both the blood pressure top number (systolic) by 10 points and the bottom number (diastolic) by 4 points.  

4. Protection from Cell Damage: The tomatoes are excellent source of antioxidant lycopene. 

Antioxidants travel through the body, neutralizing dangerous free radicals that otherwise damage cells 

and cell membranes. Free radicals escalate the progression or severity of atherosclerosis, diabetic 

complications, asthma, and colon cancer. High intakes of lycopene have been shown to help reduce the risk 

or severity of all of these illnesses. 

5. Regulates Blood Sugar: Tomatoes are an outstanding source of chromium that has been shown to help 

diabetic patients keep their blood sugar levels under control.  

6. Counteract Acidosis: Acidosis, is a main cause of calcium loss, fatigue, headaches, sleeplessness, 

muscle aches, acne, eczema, arteriosclerosis, sexual dysfunction, hormone mbalance, depression, and 

degenerative conditions. Our bodies are designed to maintain an alkaline balance with a pH of 7.365. By 

including plenty of alkaline minerals in our diets – calcium, magnesium, potassium and sodium – we help 

our body maintain its alkaline balance naturally. Tomatoes are excellent sources of calcium, magnesium, 

and potassium and can aid in preventing acidosis.  
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7. Reduce Migraines: Tomatoes are an outstanding source of riboflavin, which helps for reducing the 

migraine attacks.  

8. Boost Immunity: Due to consumption of tomatoes helps to avoid flu and colds, especially for males. 

These common illnesses are widely believed to be rooted in carotenoid deficiencies, including low amounts 

of lycopene and beta carotene in our body. Drinking tomato juices assists in building defenses against colds 

and flu.  

9. Natural Sunscreen: It has been showing that lycopene in tomatoes works as a natural sunscreen and 

provide protection against UV rays.  

10. Strengthen Bones: A serving of tomatoes provide 18% the daily value of vitamin K, which promotes 

bone health. Vitamin K activates osteocalcin, the major non-collagen protein in bone. Osteocalcin 

mineralizes calcium molecules inside of the bone. 

11. Treatment of Vasodilation: Vitamin C has effectively resulted in proper dilation of blood vessels in 

the cases of atherosclerosis, congestive heart failure, high cholesterol, angina pectoris, and high blood 

pressure. It has been found that supplements of vitamin C improve blood vessel dilation.  

12. Lead Toxicity: Lead Toxicity is a severe health problem found in children, especially in the urban 

areas. Abnormal development and growth have been found in children who are exposed to lead. They 

develop behavioral problems, learning disabilities and have low IQ. It may damage the kidney and increase 

blood pressure in adults. Vitamin C supplements reduce the blood lead level. Hence by intake of tomato 

lead toxicity can be reduced among the children. Hence tomato has rich in vitamin c due to this it can able 

to lower this risk factor.  

13. Eye Disorder: Cataracts are the most common causes of visual problems. Decrease in the level of 

vitamin C in the lens of the human eye leads to increased number of cataracts. Increase of vitamin C in 

tomato intake increases the blood supply to the visual zones of the body and helps to cure this eye disorder.  

14. Cancer: It has been found that high consumption of fresh vegetables and fruits have a linkage with a 

minimized risk for the various types of cancer. The increased consumption of vitamin C is connected with 

the decreased possibilities of cancers of lung, mouth, vocal chords, throat, colon-rectum, stomach, and 

esophagus the fruits such as tomato, orange, pomegranate are highly rich in vitamin c.  

15. Combating Stroke: Vitamin C in tomato or Ascorbic Acid helps in reducing the risk of stroke, a kind 

of cardiovascular disease. A diet full of vegetables and fruits produces good quantity of vitamin C which 

maintains the appropriate blood pressure level. It also protects the body from free radicals which could be 

the reason for the stroke.  

16. Mood: Vitamin C present in the tomato plays a key role in the production of neurotransmitters, 

norepinephrine. If vitamin c is less than they can affect the mood of a person and are critical to the proper 

functioning of the brain.  

17. Wound Repair:  Due to intake correct amount of tomato per day the Vitamin C present in it helps to 

repair wounds in the body. It facilitates the growth of the connective tissues that helps in the process of 

healing of wounds from our body. 

18. Diabetes: One of the main reasons for diabetes is the deficiency of vitamin C in our body. Supplements 

of vitamin C are beneficial to cure the diabetes as they help in processing of insulin and glucose. It can be 

cured by regular intake of vitamin c. 

Conclusion 

Tomato is termed as "the most popular vegetable fruit". Tomato is cooked as vegetable alone or in 

combination with potato besides eaten raw when ripe. It is a fruit of good nutritive value as it is fairly rich 

in vitamins (vitamin C), and other minerals like calcium, phosphorus and iron. Considering its low cost, it 

qualifies for inclusion in the daily diet of young and growing children. Effectiveness of tomatoes in lowering 

blood pressure is attributed to lycopene, a chemical present in tomato. Tomato extract contains carotenoids 

such as lycopene, beta carotene, and vitamin E, (known as effective antioxidants) to inactivate free radicals, 

and to slow the progression of atherosclerosis. Experts now recommend inclusion of tomatoes in the diets 

of gall bladder patients. It may aggravate gout problems and uric acid diseases. In fact, tomato is included 

in the diet as it has uric acid lowering effect. 
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Spermosphere is the zone in the soil surrounding a germinating seed. This is a small volume with radius 

perhaps one cm but varying with seed type, the variety of soil microorganisms, the level of soil moisture 

and other factors. This specific zone of interactions around seeds, soil, seed‐borne microbial communities, 

and germinated seeds, was first fully studied and named as spermosphere by Verona (1958). The microbial 

communities present in the spermosphere directly reflect that of the germination medium i.e., soil. The 

root exudates of seed promote microbial activity in the spermosphere, where interaction between soil, 

microbes and germinating seeds takes place. Similar to rhizospheric microbes, spermosphere is also a 

potential area to trap beneficial microbes as bio-control agents. 

Beneficial microorganisms present in the spermosphere enhance seed germination, i.e., its percentage and 

the vigour of seedlings. This capacity could be attributed to the excretion of secondary metabolites by 

bacteria, that is sufficient to produce morphological and physiological changes in seed tissues. Seeds exude 

a variety of compounds which have the impact on microbial activities like inhibition or stimulation. The 

compounds in the exudate will vary depending upon the type of seed and soil properties such as pH and 

moisture content. Volatile compounds such as aldehydes, alcohols, ethylene, CO2 and volatile carboxylic 

acids are also released from germinating seeds. 

Crop plants are affected by the microorganisms like fungi, bacteria etc. Disease spread may through various 

mode viz., seed, soil, air and insect vectors. Disease causing pathogens can be managed by various 

fungicides and antibiotics. Continuous usage of chemical fungicides, leads to adverse effects viz., residual 

toxicity, resistance to fungicides and environmental pollution. As an alternate method, use of spermosphere 

microorganisms for the management of plant diseases could be exploited. 

Two major experimental approaches can be identified to study the spermosphere and to understand the 

interactions among seed, microorganisms and the environment. The first is to identify, quantify and 

elucidate the role of molecules exuded by seeds during seed germination. The second is to characterize the 

composition of the microbiome in and around germinating seeds. These two approaches are also combined 

to obtain an integral functioning of all the constituents of the spermosphere. 

Bacteria and fungi are the main microbial communities found in the spermosphere (Fürnkranz et al., 2012). 

The investigation of interactions between fungal and bacterial community structures showed a significant 

concordance between these two microbial communities (Singh et al., 2009). 

Spermosphere microbes have the ability to enhance the plant growth, inhibit the plant pathogens and 

thereby increase the crop yield. Rapid utilization of seed exudates granted an advantage to some biocontrol 

bacteria such as Pseudomonas over seed pathogens like Pythium ultimum. Spermospheric bacteria 

contains organic acids that forms metal chelating complexes which in turn increases the iron solubility in 

low pH i.e., iron limiting conditions and reduce aluminium toxicity. The release of organic acids into the 

spermosphere change the surrounding soil pH and alters the solubility of inorganic phosphorous 

compounds which increases the phosphorous availability. 

Seed exudates are crucial to initiate the establishment of rhizobacteria which influences the plant growth 

and development. Seed exudates attract rhizosphere microorganisms and modulates important bacterial 

properties that conferred the ability to adhere and grow competitively in the seed vicinity. The production 

of antifungal metabolites with a broad spectrum of activity coupled with a strong ability to colonize the 

spermosphere makes Pseudomonas chlororaphis MA342 an effective biocontrol agent of cereal seed-borne 

diseases. 

Numerous studies have provided evidence that seed harbors a diverse microbial community on the seed 

surface and within the embryo. During germination, proliferation of soil microorganisms is also stimulated 
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(Simon et al., 2001). Nelson (2004) stated that seed exudates drive the microbial activities that takes place 

in the spermosphere, many of which can have long-lasting impact on growth and development of plant as 

well as on their health as an effective biocontrol agent of cereal seed borne diseases. 

Conclusion 

Spermosphere is the zone of soil surrounding a germinating seed. Spermosphere microbes are having the 

potential to increase the seed germination, seedling vigor, and plant growth. In addition, they have the 

active role in disease reduction and thereby increase the crop yield. Seed exude several microbial 

compounds that will enhance the activity of microbes in the spermosphere. This could be exploited in plant 

disease management especially for seed borne diseases. 
 


